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Case 
No. 

JPC No. Contrib. No. Species Tissue Lesion/condition 

Conference 1 - August 18th, 2021 
1 4152313 1 Dog Liver Massive hepatic necrosis / Amanitin 

intoxication 
2 4084865 S15-8036  Ox Jejunum Cholesterol deficiency / 

Apolipoprotein B gene mutation  
3 4135754 Case 2 H&E  Sheep Pancreas Pancreatic degeneration and necrosis / 

Zinc toxicity 
4 19F20727  4120174 Cat Liver von Meyenburg complex (biliary duct 

hamartoma) 
Conference 2 - August 25th, 2021 

1 4083340 1512649 Goat Spinal cord 
and cerebellum 

Neuroaxonal degeneration / Copper 
deficiency 

2 4116588 18-6787  Goat Uterus Uterine adenocarcinoma 
3 4118594 20-23 Rat Heart and testis Streptococcal (S. suis) myocarditis 

and orchitis 
4 4153945 20-21 345  Macaque Uterus Endometriosis and adenomyosis 

Conference 3 - September 1st, 2021 
1 4120035 N208/09 Ox Spinal cord Water-in-oil adjuvant vaccine 

granulomas 
2 4068606 14W4636 Elk Liver and bone 

marrow 
Hepatic necrobacilliosis and serous 
atrophy of fat 

3 4117030 17-145 Ox Nasal mucosa Hepatocellular degeneration and 
necrosis / Sawfly larva toxicity 

4 4142728 N17-459 Dog Rectum, anus, 
and perianal 
tissue 

Perianal dermatitis and cellulitis / 
Lagenidiosis 

Conference 4 - September 15th, 2021 
1 4157763 16855 Ox Nasal mucosa Nasal/oral mucosal pyogranulomas / 

Actinobacillus lignieresii 
2 4154112 401-20 Cat Kidney and 

brain 
Tubular degeneration and necrosis / 
Ethylene glycol toxicity 

3 4137405 N14-0235 Ox Haired skin Eosinophilic and histiocytic dermatitis 
/ Stephanofilariasis 

4 4155410 WSC CASE 
2 

Macaque Pancreas Islet hyperplasia, hypertrophy, 
degeneration, and necrosis; 
amyloidosis; insulitis / Type 2 
Diabetes Mellitus 

Conference 5 - September 22nd, 2021 
1 4118308 S1335/17 Sheep Cerebrum Lymphoplasmacytic 

meningoencephalitis / Borna disease 
virus -1 (BoDV-1) 

2 4118085 P18-3879 Dog Cerebellum 
and brainstem 

CNS demyelination / Canine 
distemper virus 

3 4153553 31712 Monkey Liver Hepatocellular degeneration and 
necrosis / Yellow fever virus 



 

4 4161131 19-355 Ox Lung Bronchointerstitial pneumonia / 
Bovine coronavirus (BoCV) 

Conference 6 - September 29th, 2021 
1 4134356 R46-18-5 Cat Colon Crypt hyperplasia and herniation with 

rhabditoid nematodes / Strongyloides 
spp. 

2 4090739 15-185 Koala Haired skin Epidermal hyperplasia and 
hyperkeratosis / Sarcoptic mange 
(Sarcoptes scabiei) 

3 4125007 18-0933b Kangaroo Kidney Tubular hypertrophy / Renal 
coccidiosis (Klossiella spp.) 

4 4134667 N360-19 Ox Cerebrum Necrotizing vasculitis and 
meningoencephalitis / Naeglaria 
fowleri 

Conference 7 - October 6th, 2021 
1 4117535 N17-663 Dog Cerebrum Astrocytoma, high grade (previously 

known as astrocytoma grade IV or 
glioblastoma) 

2 4136398 19N-0060 Cat Cerebrum Meningioma 
3 4136167 S18-1972 Dog Brainstem and 

cerebellum 
Intraneuronal polyglucosan (Lafora) 
bodies / Lafora disease 

4 4101492 N9757432 Dog Cerebrum and 
brainstem 

Astrocytoma, high grade, with diffuse 
gliomatosis cerebri-like infiltration 

Conference 8 - October 13th, 2021 
1 4116584 J1251  Cat Footpad Plasma cell pododermatitis 
2 4162140 PV406-20  Dog Haired skin Lymphocytic bulbitis / Alopecia 

areata 
3 4082545 P16-282  Horse Haired skin Pyogranulomatous dermatitis / 

Phaeohyphomycosis 
4 4160777 18N045   Mouse Haired skin Neutrophilic and histiocytic dermatitis 

/ Corynebacterium bovis 
Conference 9 - November 17th, 2021 

1 4161128 576/20  Dog Kidney Granulomatous nephritis / 
Cryptococcus sp. 

2 4161168 19-0830-64  Sheep Nasal cavity Respiratory adenocarcinoma / 
Enzootic nasal tumor virus-1 

3 4135935 18-7537  Dog Larynx Rhabdomyoma 
4 4166757 20040779 Cat Lymph node Cytauxzoonosis / Cytauxzoon felis 

Conference 10 - December 1st, 2021 
1 4153147 N2018-0119  Frog Head, cross 

section 
Compound odontoma 

2 4166754 73640 Penguin Kidney, liver, 
and spleen 

Tubular eosinophilic intranuclear 
inclusions / Plumbism 

3 4135744 5239 Pufferfish Swim bladder Mycobacterial aerocystitis and 
myxospores 

4 4155412 M20-05667   Rock 
Oysters 

Digestive 
gland 

QX disease/Marteilia sydneyi 

Conference 11 - December 8th, 2021 
1 4118091 2018B  Chicken Bursa of 

Fabricius 
Infectious bursal disease virus 



 

2 4160780 20-10275  Turkey Ileum, cecum, 
and spleen 

Hemorrhagic enteritis/Turkey 
adenovirus-3 (TAdV-3) 

3 4167238 65756 Crow Spleen, large 
and small 
intestine 

Fibrinonecrotizing enterotyphlocolitis 
and  splenitis/Winter mortality of 
crows (corvid orthoreovirus) 

4 4137398 N460/18A  Swan Proventriculus Heterophilic 
proventriculitis/Echinuria spp. 

Conference 12 - December 15th, 2021 
1 4085531 N-697-15  Horse Cerebrum Swainsonine toxicosis/Sida 

carpinifolia 
2 4166761 21-031340  Sheep Brainstem Necrosuppurative 

rhombencephalitis/Listeria 
monocytogenes 

3 4165419 265/0912  Pig Cerebellum Fibrinonecrotizing vasculitis/Porcine 
circovirus-2 (PCV-2) 

4 4152805 MW19-0525  Zebra Cerebrum Lymphoplasmacytic and histiocytic 
meningoencephalitis/Neosporosis 
(Neospora caninum) 

Conference 13 - January 5th, 2022 
1 4167686 A21-106  Frog Skin Chytridiomycosis/Batrachochytrium 

dendrobatidis 
2 4137580 R18-1576  Tilapia Kidney and 

liver 
Hepatic and renal 
granulomas/Edwardsiella 
anguillarum 

3 4168468 A15-23071   Discus 
Fish 

Intestine Lymphohistiocytic 
enteritis/Capillaria spp. 

4 4168135 AK895  Trout Skin and 
dermis 

Malignant pigmented neoplasm 

Conference 14 - January 12th, 2022 
1 4137931 N-521/18 Sheep Mammary 

gland 
Lymphohistiocytic and neutrophilic 
mastitis/Small ruminant lentivirus 

2 4166552 MB19-317 Dog Testis, vaginal 
tunic, and 
spermatic cord 

Seminoma and testicular 
coccidiomycosis 

3 4168027 P-2021 169 Dog Liver Transmissible venereal tumor 
4 4167919 21-199 Foal Heart and 

mediatinal 
lymph node 

Lymphohistiocytic pancarditis and 
vasculitis/Neorickettsia risticii 
(Potomac horse fever) 

Conference 15 - January 17th, 2022 
1 4153158 20N-0086 Dog Lung Pyogranulomatous interstitial 

pneumonia/Blastomyces dermatitidis 
2 4119604 C-23638-17 Dog Kidney Lymphoplasmacytic tubulointerstital 

nephritis/Leptospira sp. 
3 4167685 525/20 Horse Lymph node Melanoma and squamous cell 

carcinoma 
4 4165420 487/0821 Pig Colon Ulcerative colitis/Salmonella enterica 

subspecies enterica Serotype: 
Enteritidis 

Conference 16 - January 26th, 2022 



 

1 4101225 69793 Marmoset Jejunum Villar blunting and 
fusion/Cryptosporidium sp. & 
Giardia sp. 

2 4116243 20179-9736 Dog Salivary gland Necrotizing sialometaplasia 
3 4168021 ND18-156 Mouse Lung Necrosuppurative 

bronchopneumonia/Klebsiella 
pneumoniae 

4 4153550 SP-19-
0010413 

Ferret Adrenal gland Teratoma 

Conference 17 - February 2nd, 2022 
1 4118311 Case 2 Macaque Spleen Filamentous viral particles 

(TEM)/Marburg virus 
2 4167863 1235813-015 Macaque Haired and 

non-haired skin 
Coagulative necrosis/Cutaneous drug 
reaction 

3 4135937 18-33 Cat Oral mucosa 
and haired skin 

Coagulative necrosis/Electrothermal 
injury 

4 4136503 18042E Macaque Lung Fibrinonecrotic interstitial 
pneumonia/Radiation induced lung 
injury 

Conference 18 - February 9th, 2022 
1 4170014 NO21-

0000475 
Elephant Heart Necrotizing vasculitis/Elephant 

endotheliotropic herpesvirus-2 
(EEHV-2) 

2 4120289 LE-2 Rabbit Liver Hepatocellular necrosis/Rabbit 
hemorrhagic disease (RHDV-2) 

3 4152810 EX57_19 Bearded 
Dragon 

Liver Neuroendocrine carcinoma 

4 4168529 18-40324 Turtle Leg, skeletal 
muscle 

Fibrosis and dystrophic 
calcification/Hydroxyapatite 
deposition disease (HADD) 

Conference 19 - February 16th, 2022 
1 4166940 P20-1942 Cat Heart and lung Bronchointerstitial pneumonia and 

myocardial degeneration/SARS-CoV-
2 

2 4166464 19-31-3 Hamster Haired skin 
and oral 
mucosa 

Trichofolliculomas and 
papillomas/Hamster Polyomavirus 
(HaPyV) 

3 4136807 MS19-
3845/MS19-
3861 

Mouse Skeletal 
muscle 

Rhabdomyositis/Trypanosoma cruzi 
(Chagas disease) 

4 4100655 N-000-2017 Macaque Liver Necrotizing hepatitis/Ebolavirus 
Conference 20 - March 23rd, 2022 

1 4167865 D21-018285 Ferret Larynx Pyogranulomatous myositis and 
fasciitis/Idiopathic myofasciitis 

2 4117534 SP-18-1795 Toad Ovary Granuloma/Brucella inopinata- like 
spp. 

3 4065944 12-143 Owl Liver and 
spleen 

Avian malaria/ Plasmodium spp. 



 

 

4 4117674 N2017-0533 Snake Scaled skin Necrotizing 
epidermitis/Paranannizziopsis 
australasiensis (previously  
Chrysosporium 
anamorph of Nannizziopsis vriesii 
(CANV)) 

Conference 21 - March 30th, 2022 
1 4118329 1326 Macaque Cervical 

vertebrae 
Pyogranulomatous 
osteomyelitis/Mycobacterium 
tuberculosis (Pott's disease) 

2 4074325 14-699 Dog Cervical 
vertebrae 

Pyogranulomatous 
discopondylitis/Paecilomyces variotii 

3 4168140 P963-20 Calf Long bone Osteopenia with metaphyseal fracture 
4 4152938 L20 163 Dog Bone Histiocytic sarcoma 

Conference 22 - April 6th, 2022 
1 4153154 RP 18046 Vulture Kidney Necrotizing tubulointerstitial 

nephritis/Avipoxvirus 
2 4166557 A20-12826 Chicken Liver Necrotizing hepatitis/Avian hepatitis 

E virus 
3 4137576 A-808/18 Duck Cecum Necrotizing typhlitis/Anatid 

herpesvirus-1 (Duck plague) 
4 4136414 629-183 Lorikeet Feathered skin Feather follicle cysts/Harpyrhynchus 

rosellacinus 
Conference 23 - April 20th, 2022 

1 4116730 S 962-17 Sheep Larynx Ovine laryngeal chondritis 
2 4159332 H20-1916-5 Sheep Abomasum Abomasitis/Eimeria gilruthi 
3 4118012 P5952-17 Goat Lung Lymphoplasmacytic interstitial 

pneumonia/Small ruminant lentivirus 
4 4165839 N-190/20 Sheep Nasal mucosa Proliferative rhinitis/Salmonella 

diarizonae 
Conference 24 - April 27th, 2022 

1 4169455 91418 Dog Placenta Necrotizing 
placentitis/Campylobacter jejuni 

2 4084741 16B4145 Calf Lung Interstitial pneumonia with BALT 
hyperplasia/Ureaplasma diversum 

3 4167687 S21-0869 Horse Placenta Necrotizing and neutrophilic 
placentitis/Mycobacterium goodii 

4 4136870 V-19-14487 Dog Testis and 
uterus 

Persistent Müllerian duct syndrome 

Conference 25 - May 4th, 2022 
1 4167239 Z215/20 Tamarin Small intestine Ulcerative and necrotizing 

enteritis/Acanthocephalaniasis 
2 4167688 174994-20 Dog Liver Schistosomiasis/Heterobilharzia 

americana 
3 4152931 N19-705A Opossum Lung Granulomatous 

pneumonia/Metastrongyle nematodes 
4 4166939 S884/20 Raccoon Lung Bronchointerstial 

pneumonia/Emmonsia crescens and 
canine distemper virus 



CASE 1: 1 (4152313-00) 

Signalment: 

6-month-old male (intact) mastiff (Canis 

familiaris). 

History:

The patient was referred to a veterinary medical 

teaching hospital following an acute, 1-day-

history of lethargy and inappetence that quickly 

progressed to obtundation. Bloodwork performed

at the rDVM revealed too high to read ALT, 

elevated ALP (805 U/L), hypoalbuminemia (2.7 

g/dL) and hypoglycemia (23 mg/dL). PT and 

aPTT were both prolonged at >100 sec and >300 

sec, respectively. Protein and bilirubin were 

detected on a urine dipstick. A SNAP test for

Leptosperosis was negative. Despite aggressive

palliative therapy, the patient continued to 

decline and euthanasia was elected. 

Gross pathology: 
Only gross lesions pertinent to the histologic 

findings and case discussion are provided. The 

entire length of the gastrointestinal tract

contained a small amount of intralumenal, 

watery, dark red to black ingesta and fecal 

material (melena). The intestinal mucosa was 

mottled pale pink/red/dark purple. The hepatic 

parenchyma was diffusely friable and mottled 

pale/bright red with a prominent reticular pattern 

(Image). The renal cortex was diffusely dull 

tan/purple. The medullary parenchyma was

disrupted by dozens of bright red to dull purple

lines that radiated from the level of the renal crest

through the medulla.

Laboratory results: 
Amanita (Liver): Trace detected 

Aflatoxin (Liver): None detected 

Microcystins (Stomach contents): None detected 

Figure 1-1. Liver, dog. The liver is diffusely friable and 
mottled pale/bright red with a prominent reticular 
pattern. (Photo courtesy of University of California, Davis 
Veterinary Medical Teaching Hospital, 
https://www.vetmed.ucdavis.edu/hospital). 
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CASE I:  S1809996 (JPC 4135077). 

Signalment: A 3-month-old, male, mixed-

breed pig (Sus scrofa) 

History: This pig had no previous signs of 

illness, and was found dead.  

Gross Pathology: Approximately 70% of 

the lungs, primarily in the cranial regions of 

the lobes, were patchy dark red, and firm 

compared to the more normal areas of lung.  

Laboratory results:  Porcine reproductive 

and respiratory syndrome (PRRS) PCR was 

positive from splenic tissue, and PRRS IHC 

was strongly immunoreactive within the 

cytoplasm of macrophages in the affected 

lung tissue. Porcine influenza virus PCR, 

porcine circovirus – 2 IHC, and 

Mycoplasma hyopneumoniae IHC were all 

negative. Small numbers of E. coli were 

isolated from the cranioventral lung with 

aerobic culture.  

Microscopic Description: The interstitium 

within the section is diffusely infiltrated by 

moderate to large numbers of predominantly 

mononuclear cells along with edema. There 

is abundant type II pneumocyte hyperplasia 

lining alveolar septae and many of the 

alveolar spaces have central areas of 

necrotic macrophages admixed with other 

mononuclear cells and fewer neutrophils. 

Occasionally there is free nuclear basophilic 

Lung, pig (HE, 6X). There is diffuse consolidation of 

the lung. At low magnification, airway are filled with

exudate and the pleura and interlobular connective

tissue are mildly expanded.



Microscopic description:  

 
Figure 1-2. Liver, dog.  A single section of liver is submitted 
for examination.  At subgross magnification, there is loss 
of normal plate architecture, diffuse loss of vital staining, 
and many lobules contain hemorrhage.  There are 
numerous cracks and fissures present within the sample as 
a result of hepatocellular necrosis and loss of tissue 
cohesion. (HE, 5X)   
 

The slide contains one section of hepatic 

parenchyma in which massive necrosis is 

characterized by dissociation of hepatic cords to 

complete loss of hepatocytes across all zones of  

multiple lobules. Lost hepatocytes are replaced 

by streams of extravasated red blood cells 

(hemorrhage), fibrin and karyorrhectic debris. 

Remaining individualized hepatocytes exhibit 

one or more of the following characteristics: 

cytoplasmic swelling, cytoplasmic vacuolation, 

cytoplasmic pigmentation, and nuclear pyknosis, 

karyorrhexis or karyolysis (degeneration and 

necrosis). Within the portal triads, portal collagen 

fibers are disrupted by increased clear space 

(edema), dissecting cords of hepatic progenitor 

cells (ductular reaction) and small numbers of 

lymphocytes and plasma cells. Scattered portal 

triads are additionally expanded by proliferating 

collagenous stroma (fibrosis) that breaches the 

limiting plate and spans portal regions (bridging 

portal fibrosis).  

 
 

Contributor’s morphologic diagnosis: 
Liver: Massive hepatocellular necrosis with 

ductular reaction, hydropic degeneration, portal 

fibrosis and portal to portal bridging fibrosis. 

Figure 1-3. Liver, dog: Throughout the section, there is diffuse massive necrosis with hepatocellular individualization, rounding 
up, cytoplasmic vacuolation, and nuclear pyknosis and karyolysis. (HE, 400X) 



 
Contributor’s comment: 
The constellation of the patient’s age, clinical 

history, bloodwork abnormalities and hepatic 

lesions were most concerning for a toxic etiology. 

Fresh samples of hepatic parenchyma were 

submitted for toxicological analysis. A trace of 

amanitin was detected, therefore confirming 

ingestion of Amanita phalloides, which is also 

known as the death cap or death angel mushroom.   

 

Amanitin poisoning is classically divided into 

four consecutive clinical stages, although each 

stage may not be evident in each case. Following 

ingestion, the first stage is characterized by 

approximately 8 to 12 hours of no clinical 

abnormalities. The patient will then develop 

severe gastrointestinal signs including vomiting 

and bloody diarrhea. The third stage of toxicity is 

characterized by brief clinical improvement, 

referred to as a “false recovery”, and quickly 

followed by the 4th stage, which is characterized 

by multi-organ failure. The liver and kidneys 

appear to be most severely affected within this 

fourth stage, as evidenced by striking 

derangements in bloodwork and urinalysis.  

 

Patients typically die within 12 to 84 hours 

following ingestion of the lethal dose. The lethal 

dose (LD) for dogs is estimated to be around  

 

0.5 mg/kg, which may be contained within 20 g 

of Amanita mushrooms.5 Therefore, one 

mushroom cap can provide a lethal dose to dogs. 

Evaluation of numerous treatment options has 

remained fruitless as the mortality rates in dogs 

remains high. Interestingly, studies have revealed 

remarkable variance in species sensitivity.4 For 

instance, the rate of gastrointestinal absorption is 

much greater in dogs than in mice and rabbits. 

Furthermore, rats appear to be relatively resistant 

to amanitin’s toxic effects.  

 

Amanitin’s mechanism of action primarily stems 

from the toxin’s ability to inhibit RNA 

polymerase II. Ceased transcription and 

decreased protein synthesis eventually leads to 

cell death. Cells with high metabolic rate, such as 

hepatocytes, crypt cells and proximal convoluted 

tubules, are the most severely affected, thus 

explaining the classic triad of hepatic failure, 

gastroenteritis and renal failure, respectively. In 

addition to inhibition of RNA polymerase II, 

amanitin may induce hepatocellular apoptosis, 

thus compounding hepatocellular death and 

hepatic failure.2 

 

Given the patient’s clinical history and the 

hepatic lesions, top differential diagnoses 

included blue-green algae poisoning 

Figure 1-4. Liver, dog. There is moderate ductular reaction in response to widespread hepatocellular necrosis. (HE, 310X) 



(microcystins) and aflatoxin. However, no 

microcystins were detected within the patient’s 

stomach content nor was any aflatoxin detected 

within the fresh samples of hepatic parenchyma.  

 

Contributing Institution: 

University of California 

Davis Veterinary Medical Teaching Hospital 

1 Garrod Drive 

Attn: Anatomic Pathology Service 

Davis, CA 95616 

https://www.vetmed.ucdavis.edu/hospital 

 

JPC diagnosis: 
Liver: Hepatocellular necrosis, massive, diffuse, 

with ductular reaction and stromal collapse. 

 

JPC comment: 

The contributor provides an excellent overview 

of the pathogenesis and clinical progression of 

amanitin toxicosis following ingestion of 

Amanita phalloides.  

 

A. phalloides is found worldwide due to the 

importation of trees from its native Europe. An 

ectomycorrhizal fungus, A. phalloides shares a 

symbiotic relationship with the roots of trees 

found in both deciduous and coniferous forests. 

In the United States the mushroom is most 

commonly found alongside oak trees on the west 

coast in contrast to the east coast where it is more 

commonly found alongside pine trees.1 The large 

fruiting bodies appear in the late summer and fall 

and have a smooth, yellowish-green to yellowish-

brown cap, white gills, a white ring around the 

upper part of the stem (veil), and a white cup-like 

structure around the base of the stem (volva).4 

 

Amatoxins are heat-stabile bicyclic octapeptides 

that include the amanitins (α-, β-, γ-, and ε-

amanitins), amanin, amanullin, and proamanullin 

and have been isolated from several genera of 

mushrooms, including Amanita, Galerina and 

Lepiota.2,3 α-Amanitin is the most toxic of eight 

known amanitins and is found in 38 species of 

mushroom from the genera Amanita, including A. 

phalloides.1,2 

  

Early diagnosis of amanitin toxicosis is 

frequently hindered as ingestion of the mushroom 

is often unwitnessed and veterinary care is not 

pursued until development of gastrointestinal 

signs or multi-organ failure.1 A recent study 

evaluating 59 cases of α-amanitin toxicosis in 

dogs found upon presentation, alanine transferase 

activity (ALT) was mildly to markedly increased 

in 97% of dogs, hypoglycemia in 78% and 

coagulation times were increased in 91%.1 

Although the signs of liver failure are not specific 

to α-amanitin toxicosis, early onset 

hypoglycemia was found to be a distinguishing 

biochemical abnormality and its identification 

helped distinguish affected dogs from those with 

other causes of gastroenteritis; however, 

differential diagnoses should also include xylitol 

toxicosis, severe anaphylaxis, sepsis, and 

portosystemic shunt.1 

 

During necropsy, the liver is often swollen, 

without any other significant abnormalities and is 

histopathologically characterized by massive 

hepatocellular necrosis with collapse of hepatic 

cords and acute tubular necrosis in dogs that 

develop renal failure. 4 

 

Confirmatory diagnosis at select veterinary 

toxicology laboratories is made by detection of α-

amanitin in submitted samples of serum, urine, 

gastric contents, suspected mushroom, liver or 

kidney. Serum and urine samples should be 

collected and frozen at various points beginning 

as early as possible following exposure.4  

 

Finally, there was spirited discussion amongst 

participants in regard to the associated ductular 

reaction and its possibility of being secondary to 

an unrelated process due to the relatively rapid 

progression of hepatocellular necrosis observed 

in cases of amanitin toxicity. 
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CASE 2: S15_8036 (4084865-00) 

 

 

Signalment: 
2-month-old, female, red Holstein calf, Bos 

taurus, bovine. 

 

History: 
The calf was referred to the ruminant clinic with 

severe emaciation, failure to thrive and long 

lasting, intermittent diarrhea resistant to therapy. 

Routine viral, bacteriological and parasitological 

examinations (Rotavirus, Coronavirus, 

Salmonella, E.coli, Cryptosporida, Coccidia) 

were negative. Blood chemistry revealed that 

cholesterol and triglyceride levels were severely 

lower (0.18 and 0.06 mmol/L) when compared to 

healthy animals (1.79-3.20 and 0.27-0.40 

mmol/L) in the same age range6. The animal was 

euthanized because of poor prognosis and 

suspicion of a genetic defect as a possible cause 

for the clinical symptoms. 

 

Gross Pathology:  

 

 

The calf was cachectic and the perianal region 

was smeared with yellow to green colored feces.  

 

The small and large intestine were diffusely filled 

with a moderate to large amount of foamy and 

greasy, liquid content consistent with steatorrhea. 

The color varied from bright yellow in the 

proximal parts of the gastro-intestinal tract, to 

more green color distally. The mucosa, especially 

of the jejunum, was diffusely edematous and 

appeared thickened and whitish.  

 

Figure 2-2. Small intestine, calf.  The mucosa appears 
whitish and is thickened by edema. (Photo courtesy of: 
Institute of Animal Pathology, Vetsuisse Faculty, 
University of Bern, Laenggassstrasse 122, CH-3012, Bern, 
Switzerland 
http://www.itpa.vetsuisse.unibe.ch/)http://www.itpa.vets
uisse.unibe.ch/) 

Figure 2-1. Small intestine, calf.  Intestinal contents are 
greasy and yellowish. (Photo courtesy of: Institute of 
Animal Pathology, Vetsuisse Faculty, University of Bern, 
Laenggassstrasse 122, CH-3012, Bern, Switzerland 
http://www.itpa.vetsuisse.unibe.ch/) 
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Laboratory results: 
Genetic analysis revealed a 1.3 kb insertion 

within the coding sequence of the apolipoprotein 

B (APOB) gene.  

 

Microscopic description: 

Small intestine (jejunum): Diffusely within the 

enterocytes covering the tips of the villi, optically 

empty, round to oval vacuoles varying from 

approximately 2 to 20 µm in diameter are present 

(fat vacuoles). Occasionally the vacuoles are 

located subnuclearly and dislocate the nucleus to 

the apical cell border. Within the lamina propria, 

multifocal to coalescing areas of loose, optically 

empty spaces (edema) are present and the lacteals  

 

are dilated. The amount of lymphocytes within 

the submucosa is slightly increased.  

The optically empty vacuoles stain positive by 

the Sudan stain for lipids in frozen sections. 

 

Transmission electron microscopy (Figure 2-6) 

corroborated the presence of large 

intracytoplasmic lipid droplets in the small 

intestinal enterocytes. The droplets filled most of 

the supranuclear cytoplasm but also occurred in 

an infranuclear position (Fig. EMCD1). 

 

Contributor’s morphologic diagnosis: 

Small intestine (jejunum) HE and TEM: Diffuse, 

severe, intracytoplasmic vacuolization (lipid 

retention) with moderate, diffuse edema.   

 

 

 

 

 

Contributor’s comment: 
The inherited autosomal recessive genetic defect 

affecting Holstein calves, named cholesterol 

deficiency (CD), was reported for the first time in 

the Summer of 2015 in Germany.5 Homozygous 

calves demonstrate clinical signs of diarrhea 

unresponsive to treatment and failure to thrive.5 

They suffer marked hypocholesterolemia and 

hypolipidemia, indicating an inherited fat 

metabolism disorder. These animals usually die 

within the first six months of life and it  

Figure 2-4. Jejunum, calf. Villar enterocytes contain numerous lipid vacuoles within their apical cytoplasm There is coalescing 
edema lifting the enterocytes off of the underlying lamina propria and multifocal lacteal dilation. (HE, 315X) 

Figure 2-3. Jejunum, calf. Subgross lesions in the 
submitted section of jejunum are limited to multifocal 
markedly villar lacteal dilation. (HE, 8X) 
 



has been assumed that about 80% of homozygous 

affected calves do not survive more than one 

year.5 Heterozygous carrier animals do not show 

any clinical signs but have reduced levels of 

blood cholesterol and triglycerides.5 Breeding 

organizations in Switzerland and other countries 

have reported an increasing occurrence of cases 

in Holstein cattle. The causal mutation has 

recently been identified in the apolipoprotein B 

gene (APOB).7 This case is one out of the series 

describing the pathological phenotype of CD for 

the first time.8 

 

Pedigree analysis revealed the Canadian Holstein 

bull Maughlin Storm as the first carrier for this 

disorder.5,7 The mutation in this case represents a 

1.3 kb insertion of a transposable LTR element 

(ERV2-1) in the coding sequence of the APOB 

gene, which leads to truncated transcripts and 

aberrant splicing.7  

 

 
Figure 2-5. Jejunum, calf. An Oil Red O stain on a frozen 
section of jejunum demonstrates the lipid in the villar 
enterocyte cytoplasm. (Photo courtesy of: Institute of 
Animal Pathology, Vetsuisse Faculty, University of Bern, 
Laenggassstrasse 122, CH-3012, Bern, Switzerland 
http://www.itpa.vetsuisse.unibe.ch/) (Oil Red O, 200X) 

 

The encoded apolipoprotein B (APOB) protein is 

an essential apolipoprotein of chylomicrons and 

low-density lipoproteins. The mutation 

represents a loss of function mutation, similar to 

the autosomal recessive inherited familial 

hypobetalipoproteinemia-1 (FHBL1) in humans.7 

The APOB gene encodes two proteins via a 

mRNA editing process: the APOB-48 protein is 

required for chylomicron production and cellular 

transport of lipids in the small intestine, and the 

APOB-100 protein which is expressed in the 

liver. The APOB-100 protein is a structural 

component of very low density lipoprotein 

(VLDL) and its metabolic products, and serves as 

the ligand for low density lipoprotein (LDL)-

receptor mediated endocytosis of lipid particles.3  

 

Truncation mutations in the APOB-48 protein, 

which is exclusively synthesized in the 

enterocytes of the small intestine4, were shown to 

result in defective chylomicron formation in the 

small intestine.3,9 The histologically visible 

accumulation of lipid vacuoles within the 

enterocytes in the CD-affected cattle indicates 

that the enterocytes of these animals are capable 

of resorbing fat from the ingesta. However, the 

hypocholesterolemia and low triglyceride 

concentrations demonstrate that the transfer of 

these lipids from the enterocyte into the blood is 

impaired or even absent. The clinical and 

pathological findings support this mechanism. In 

human patients, FHBL1 is additionally 

characterized by chronic malabsorption of lipid-

soluble vitamins, leading to retinal degeneration, 

neuropathy and coagulopathy.6 

 

The gross findings include steatorrhea (diarrhea) 

and an edematous mucosa of the small intestine. 

The animals are usually cachectic. The 

histological findings are limited to the small 

intestine and consist of lipid vacuoles within the 

enterocytes as well as dilated lacteals.8  

 

Taking the pathological findings of steatorrhea, 

the histological and TEM phenotype of lipid 

vacuole accumulation within the enterocytes of 

the tips of the villi in the small intestine and the 

clinical symptoms of hypocholesterolemia, low 

triglyceride concentration and the neurological 

symptoms into account, bovine CD is highly 

similar to human FHBL.3,9 

 

The main limitations for the diagnosis of CD in 

cattle are the unspecific clinical symptoms of 

diarrhea and failure to thrive in young calves. It 

is important to first exclude common agents 

causing diarrhea. In case of intermittent diarrhea 

resistant to treatment in young Holstein cattle, 

analysis of total cholesterol and triglycerides can 

lead to a suspicion of CD. Pathological 

investigations are only diagnostic if samples of 



the small intestine are immediately fixed in 

formalin (within minutes after euthanasia). 

Otherwise, the lipid vacuoles in the enterocytes 

of the villi tips are lost due to immediate autolytic 

changes in the small intestine. A clinical or 

pathological suspicion of CD should be 

confirmed using a gene test detecting the APOB 

gene mutation after consideration of pedigree 

information indicating inbreeding linked to the 

founder sire Maughlin Storm.8 

 

Contributing Institution: 

Institute of Animal Pathology 

Vetsuisse Faculty, University of Bern 

Laenggassstrasse 122 

CH-3012, Bern 

Switzerland 

http://www.itpa.vetsuisse.unibe.ch/ 

JPC diagnosis: 

1. Small intestine:  Villar enterocyte lipidosis, 

diffuse, marked, with lacteal dilation. 

2. Adipose tissue:  Atrophy, diffuse, moderate. 

JPC comment:  
The contributor provides an excellent overview 

of the homozygous apolipoprotein B gene 

(APOB) mutation associated with cholesterol 

deficiency in Holstein calves.  

 

When initially described in 2016, the APOB 

mutation was only thought to induce clinical 

signs in homozygous animals, although 

heterozygotes were noted to have reduced levels 

of blood cholesterol and triglycerides.5 A 

subsequent study identified 18 cases of 

Figure 2-6. Jejunum, calf. An ultrastructure photograph demonstrates numerous lipid droplets free in the cytoplasm of 
enterocytes. (Photo courtesy of: Institute of Animal Pathology, Vetsuisse Faculty, University of Bern, Laenggassstrasse 122, CH-
3012, Bern, Switzerland http://www.itpa.vetsuisse.unibe.ch/) 
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heterozygous Holstein calves with history of poor 

development, low weight, and intermittent 

diarrhea with concurrent reduced cholesterol and 

triglyceride blood concentrations.2 These animals 

tested negative for rotavirus, coronavirus, bovine 

viral diarrhea virus, coccida, cryptosoporida, E. 

coli, and Salmonella spp. and symptomatic 

treatments did not lead to clinical improvement. 

Given the reduced cholesterol and triglyceride 

blood concentrations and lack of other plausible 

explanation, these cases likely indicate the 

mutation acts as incomplete dominance with 

reduced penetrance in heterozygotes.2 

 

An additional study evaluating the lactational and 

reproductive performance of heterozygous 

Holstein cows predictably identified markedly 

lower circulating levels of cholesterol and 

cholesterol in lipoprotein fractions compared to 

noncarriers.1 However, lactational and 

reproductive performance was not impaired 

compared to noncarriers.  The authors therefore 

found no need to eradicate APOB carriers from 

production, though risk-matings of carriers 

should be avoided.1   
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CASE 3: S1601220 (4101207-00) 

 

Signalment: 
8-month-old, female Romney lamb, (Ovis aries). 

 

History: 
This lamb was found dead and was subsequently 

presented to Massey University Veterinary 

Pathology Department for necropsy. 

 

Gross Pathology: 
The lamb was in poor body condition and was 

underweight for its age. It had marked icterus of 

the subcutaneous connective tissues and mucous 

membranes. The pancreas was small, nodular and 

firm. Widespread crusting and ulceration were 

present on the ear pinnae and the skin 

surrounding the eyes and muzzle consistent with 

acute facial eczema. Four slow-release 30 g zinc 

boluses were present in the ruminal contents. 

 

Laboratory results: 
Liver: Zinc 161 mg/kg (Reference range 25-100 

mg/kg) 

 

 

 

 

 

 

 

 



 
Figure 3-1. Pancreas, sheep. A section of pancreas is 
submitted for examination. At subgross magnification, 
numerous lobules demonstrate a loss of normal 
architecture and stain affinity. (HE, 5X) 
 

Microscopic description: 
Pancreas: Within the pancreas, individual lobules 

show well-demarcated and varying degrees of 

necrosis and fibrosis. Mildly affected lobules are 

characterized by infiltration of the parenchyma 

with small numbers of neutrophils and 

mononuclear cells. Individual acinar cells appear 

shrunken with loss of zymogen granules and 

pyknotic nuclei. In moderately affected lobules,  

 

acinar cells show variable loss of basophilia and  

zymogen granules. Individual cells are swollen 

and vacuolated (degenerate), with other cells 

appearing shrunken and hypereosinophilic with 

pyknotic nuclei (necrosis). Acini and interlobular 

ducts are multifocally dilated, with enlarged 

luminal spaces, some containing small numbers 

of neutrophils. The parenchyma is infiltrated by 

neutrophils and mononuclear cells with 

corresponding disorganization and loss of 

associated pancreatic acini and ducts.  

 

In severely affected lobules, the intralobular 

parenchyma is extensively replaced by fibrous 

connective tissue and fibroblasts. The few 

remaining acini show marked loss of basophilia 

and zymogen granules, and frequently contain 

dilated cystic luminal spaces with attenuated 

acinar cells. Moderate numbers of mononuclear 

cells and fewer neutrophils are present 

throughout the parenchyma.  

 

The interlobular spaces are moderately expanded 

by multifocal areas of haemorrhage and oedema, 

and there is marked interlobular fibrosis. 

 

 

Figure 3-2. Pancreas, sheep. Severely affected lobules are devoid of acinar tissue, with only ducts remaining. The interstitium 
is expanded by loosely arranged collagen, numerous fibroblasts, and scattered aggregates of lymphocytes and plasma cells. 
(HE, 211X) 



Contributor’s morphologic diagnosis: 
Pancreas: Degeneration and necrosis, chronic-

active, multifocal, severe, with intralobular and 

interlobular fibrosis, ovine. 

 

Contributor’s comment: 
In this sheep, the diagnosis of zinc toxicity was 

made on the basis of similar clinical and 

pathological findings compared to reported 

experimental and natural cases of zinc toxicity, 

the reported increased zinc liver concentrations 

and the presence of four zinc bullets within the 

rumen. 

 

Zinc is a trace element which has been shown to 

produce toxic effects in multiple species 

including humans, dogs, sheep, cattle and many 

wildlife species.1,6 In ruminants, zinc toxicity 

may result from administration of zinc as 

protection against sporidesmin toxicity.1,9,13 In 

other animals, zinc toxicity typically results from 

dietary indiscretion, and may be caused by the 

ingestion of zinc-coated U.S. pennies, batteries, 

paint, hardware, creams, and automotive parts.2,6  

 

 

The largest effects are predominantly in the 

exocrine pancreas, where zinc excretion occurs, 

but other organs, including the kidney, liver, 

abomasum, small intestine and blood, may be 

affected.1,11 Clinical signs include anorexia, 

lethargy, vomiting and may include intravascular 

haemolysis, haemoglobinuria, and icterus.1,6 In 

large animals, poor weight gains may be the most 

prominent clinical sign.  

 

In ruminants, initial effects are produced within 

ductular structures within the exocrine pancreas 

with subsequent changes in acinar cells. The 

endocrine pancreas is not affected. The initial 

reported lesions include vacuolar degeneration, 

necrosis and regeneration with a pronounced 

lobular distribution. With prolonged zinc 

intoxication, pancreatic necrosis exceeds the rate 

of regeneration, with fibrosis and atrophy 

becoming the predominant findings.1,14  

 

As seen in this case, relatively normal appearing 

lobules may be present alongside severely 

affected lobules. It is hypothesized when injury 

of a duct occurs, drainage is impeded causing 

damage to the that lobule.14 This is supported by 

the fact that cattle, which have a dual exocrine 

pancreatic drainage via an accessory duct, do not 

show a discrete lobular pattern despite having 

other similar histopathological changes.14 Tissue 

zinc concentrations in experimental studies in 

sheep with similar pancreatic lesions have been 

reported at over 800 mg/kg, 14 and a value of 161 

mg/kg, which was found in this lamb, is outside 

the reference range, but on low end of previously 

reported concentrations in experimentally 

induced zinc toxicity in sheep. Additionally, zinc 

induces a Heinz body haemolytic anaemia of 

which the exact mechanism is unknown. Possible 

mechanisms include hapten-induced immune-

mediated destruction, direct cell membrane 

damage, or erythrocyte enzyme inhibition. 

Released haemoglobin may result in acute renal 

tubular injury, in addition to hypoxic injury 

caused by anaemia and reduced renal blood 

flow.4 

 

Zinc salts have been shown to provide protection 

against sporidesmin toxicity in sheep, by forming 

a stable mercaptide with sporidesmin, thereby 

preventing the formation of free radicals from 

this toxin.10,12,16 Sporidesmin, a mycotoxin 

produced by Pithomyces chartarum, induces 

damage to biliary epithelium, resulting in 

cholestasis, and in chronic cases, hepatic fibrosis, 

atrophy and nodular regeneration. Phylloerythrin, 

a metabolite of chlorophyll, is unable to be  

excreted via damaged bile ducts and accumulates 

in the skin resulting in photodermatitis. Prior 

damage to the liver caused by sporidesmin 

toxicity has been reported to be associated with 

an increased likelihood of zinc toxicity.15 

Metallothionein which is involved in detoxifying 

metal ions, is produced by the liver. In addition, 

serum albumin, which binds zinc in the blood, is 

also produced by the liver, and both albumin and 

metallothionein levels may be reduced in sheep 

with liver damage.15 
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JPC diagnosis: 
Exocrine pancreas: Degeneration and necrosis, 

lobular, multifocal, marked, with tubular 

complexes and fibrosis.   

 

JPC comment: 

The contributor provides an excellent review of 

zinc toxicosis and its pathologic effects on the 

pancreas. 

 

A previous study comparing natural and 

experimental cases of zinc toxicity in sheep found 

pathological changes may be observed in any 

organ involved in the absorption, excretion, or 

intermediary metabolism of zinc, including the 

abomasum, small intestine, liver, and kidney 

addition to the rumen and adrenal glands; 

however, the pancreas was the only organ 

consistently affected.1 This is significant in that 

this organ is often overlooked by pathologists, 

particularly when examining ruminents.1  

 

A separate zinc related illness known as Metal 

fume fever (MFF) has been described in the 

human literature and was first described in metal 

workers during the mid-19th century, 

predominantly affecting foundry workers and 

welders of galvanized steel.18 The syndrome  

 

occurs due to the inhalation of freshly formed 

oxide fumes (predominately in the form of zinc 

oxide) generated from molten bronze and the 

welding of galvanized steel, and continues to  

 

 

affect an estimated minimum of 1,500-2,000 of 

the approximately 700,000 metal workers in the 

United States each year.18 Also known as “zinc 

shakes” and first described as “brass founders’  

ague”, MFF results in a “flulike” illness due to the 

inhalation of freshly formed ZnO, resulting in 

numerous pro-inflammatory changes including 

the production of pro-inflammatory cytokines 

and recruitment of inflammatory cells into the 

lungs and is characterized by fever, cough, 

wheezing, chest tightness, chills, myalgia, 

leukocytosis with a left sift, thirst, metallic taste, 

and salivations.18 The diagnosis is typically based 

on clinical findings and history of occupational 

exposure and resolution is spontaneous. 

Treatment is symptomatic, with an emphasis on 

prevention of subsequent exposure. Interestingly, 

smoking has been found to modify the effect of 

welding fumes on specific markers of 

inflammation, with non-smokers experiencing a 

significant increase in circulating WBC counts in 

comparison to smokers.18  

Figure 3-3. Pancreas, sheep. Less affected lobules demonstrate loss of normal acinar architecture with acinar cell degeneration, 
necrosis, and minimal regeneration (as compared to adjacent largely unaffected lobule at left). Degenerating acinar cells are 
shrunken with loss of zymogen granules. Neutrophils are present both within the interstitium and affected acini. (HE, 278X)   
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CASE 4: K18-1448 (4127786-00) 

 
Signalment: 
15.5 year old castrated domestic shorthair cat 

(Felis catus) 

Figure 4-1. Liver, cat. The submitted section of liver is 
expanded by numerous ectatic bile ducts (HE, 5X)  

 

 

 



History: 
An adult cat was treated medically after he was 

presented for loss of appetite and lethargy. Five 

days later the cat represented with no change in 

status. Following fluid therapy and another two 

days, the cat was examined by ultrasound. An 

intestinal foreign body was diagnosed and 

abdominal surgery performed. In addition to 

removing an unspecified foreign body from small 

intestine, the surgeon excised a discreet cystic 

mass on the liver. It was submitted for diagnosis. 

The cat made an uneventful recovery. 

 

Gross Pathology: 
The submitted 54 x 40 x 25 mm multilocular 

cystic mass released clear water-like fluid when 

incised. 

 

Laboratory results: 
None. 

 

Microscopic description: 
Liver: The submitted mass consists of cystic 

spaces separating small islands of hepatic 

parenchyma. Cystic spaces vary from 300 – 3,500 

µm. Short trabeculae projecting into some 

lumina. Cysts are lined by low simple cuboidal 

epithelium encompassed by a variable amount of 

fibrovascular tissue. Cysts contain amorphous 

lightly eosinophilic material and scant 

histiocytes-macrophages. Bile-like pigment is not 

identified. Epithelium that is indistinguishable 

from cyst lining interdigitates with islands of 

hepatic parenchyma, some in branching 

configurations. Persisting hepatic plates are 

orderly. Portal triads are present but sparse and 

mildly disordered. Hepatocytes contain a small 

amount of brown-yellow granular pigment. Small 

islands of hematopoietic cells are throughout. 

There is expansion of some fibrous septa by 

edema, fibrin effusion, and hemorrhage. 

 

Contributor’s morphologic diagnosis: 
Liver: Bile duct hamartoma (ductal plate 

malformation; von Meyenburg complex). 

 

Contributor’s comment: 
Biliary duct hamartomas (BDH) are well 

recognized in human medicine. They must be 

distinguished from neoplastic or parasitic masses 

and from granulomas when detected by 

noninvasive imaging or exploratory surgery. 

Most, in the form of von Meyenburg complexes, 

are biologically innocent. In one survey of liver 

lesions in 2,843 autopsies, von Meyenburg 

complexes were found in 5.6% of adults and in 

0.9% of children.8 They occur as solitary or, more 

commonly, multiple masses. These 

Figure 4-2. Liver, cat. Ectatic bile ducts are separated by dense fibrous stroma which often contains islands of entrapped 
hepatocytes. (HE, 62X) 



malformations arise from the ductal plate which 

in normal development forms intrahepatic bile 

ducts.3 BDH are considered hamartomatous 

(from Greek: to err). In normal fetal ontogeny 

there is substantial pruning of the biliary tree as 

ducts and ductules develop. Typically what 

persist are redundant portions of the biliary tree.4 

With the advent of noninvasive imaging such as 

ultrasound, CT and MRI they can be recognized 

throughout the liver.6 Failure to involute results 

in intrahepatic embryological remnants that 

persist into postnatal life. Some undergo cystic 

enlargement. A small proportion cause 

abdominal discomfort and may be mistaken for 

cholangitis.6 As with other developmental 

disorders of the biliary tree, a small fraction of 

BDH may be precancerous.8 

 

Congenital cystic disorders of the liver remain a 

complex and difficult entity in veterinary 

pathology. A current classification for congenital 

cystic disease of the liver in animals proposes 

three entities: congenital dilation of large and 

segmental bile ducts (morphologically similar to 

Caroli’s disease); juvenile polycystic 

disease/congenital hepatic fibrosis; and adult 

polycystic disease, including Von Meyenburg 

complexes.2  

 

To this submitter’s eye, the mass from this cat’s 

liver most closely approximates a von 

Meyenburg complex as defined in human 

pathology.3,7,8 In people these complexes are 

generally clinically silent, as appeared to be the 

case here. Histological features are the presence 

of a variable number of dilated bile ducts 

embedded in fibrous stroma, which may be 

hyalinized.3 These are lined by simple cuboidal to 

low columnar epithelium encompassing ectactic 

ramifying lumina.7 They contain either 

eosinophilic proteinaceous material, as here, or 

bile-like pigment. This mass was >5 cm, which is 

large relative to most Meyenburg complexes 

found in human patients (1 – 15 mm).4 

Differential possibilities include biliary adenoma 

and a Caroli-like disease. Biliary adenoma is 

unlikely as these lack islands of hepatocytes 

interspersed between tubules.2 Caroli-like disease 

is associated with extensive liver involvement 

(typically the whole organ, resulting in 

hepatomegaly), large duct formation, and clinical 

signs due to secondary bacterial cholangitis. Such 

features were absent here. 

 

There are few reports of ductal plate 

malformations in feline species. A Caroli-type 

ductal plate malformation was reported in a kitten 

that also had a portosystemic shunt.5 Biliary cysts 

Figure 4-2. Liver, cat. Ectatic bile ducts are separated by dense fibrous stroma which often contains islands of entrapped 
hepatocytes. (HE, 62X) 



tentatively diagnosed as Von Meyenburg 

complexes are reported in lions.1 

 

Contributing Institution: 
http://www.uwyo.edu/wyovet/ 

 

JPC diagnosis: 
Liver: Ductal plate malformation, fibrocystic 

(von Meyenburg’s complex / biliary hamartoma). 

 

JPC comment: There was energetic debate 

amongst participants in regard to the 

nomenclature of the morphologic diagnosis due 

to overlapping features of congential hepatic 

fibrocystic diseases, which in veterinary 

medicine have been proposed to be classified as 

adult polycystic disease (including von 

Meyenburg complexes), juvenile polycystic 

disease/congenital hepatic fibrosis, and 

congenital dilation of the large and segmental bile 

ducts (resembling Caroli disease in humans).2   

 

Prior knowledge of the embryologic steps 

involved in the development of the biliary tree is 

beneficial in regard to understanding the 

pathogenesis von Meyenburg’s complex and 

other ductal plate malformations. The liver’s 

characteristic hepatic cords arise as a result of the 

early precursor cells of the liver (hepatoblasts) 

interacting with the capillary plexus of the 

vitelline veins.3 Hepatoblasts in contact with 

mesenchyme surrounding large future portal vein 

branches become smaller, forming the primitive 

ductal plate.3 These cells duplicate, forming a 

second layer, resulting in one layer in contact 

with the peripheral hepatoblasts and the second in 

contact with the mesenchyme surrounding the 

portal vein.3 These epithelial cells become the 

lobular and portal layers of the ductal plate, 

respectively, and are separated by a slitlike 

lumen.2 Smaller branches of the portal vein are 

subsequently surrounded as the process repeats 

over the following weeks.3  

 

The hepatic plate then undergoes remodeling, 

beginning with a dilation of short segments of the 

double-layered ductal plates, forming tubular 

dilations that later detach from the lobular layer 

of the ductal plate due to infiltrating 

mesenchyme, forming primitive bile ducts.3 Not 

all tubular dilations result in the formation of bile 

ducts, as excessive components gradually 

disappear, presumably by apoptosis, suggesting 

remodeling is a selective process.3   

 

Ductal plate malformations arise due to 

disruption of the highly complex and epithelial-

mesenchymal interactions involved in their 

development and subsequent remodeling.3 

Hepatic fibrosis and cysts have been identified in 

a significant proportion of domestic felines with 

concurrent polycystic kidney disease, suggesting 

a similar pathogenesis of each lesion’s 

development due to an inherited autosomal 

dominant mutation of the gene responsible for 

encoding polycystin 1 (PKD1) that closely 

resembles the adult form of polycystic kidney 

disease in humans.2 However, the association of 

these two lesions was not commonly observed in 

a study of 90 necropsied non-domestic felids.1 

Lions were found to be six times more likely to 

have cystic biliary lesions than other nondomestic 

felids; however, none of the seven affected lions 

were found to have concurrent renal cysts.1 Of the 

14 non-domestic felines necropsied, only one of 

had a concurrent renal cyst (a cougar).1  
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5. A “von Meyenburg complex” is a ?
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CASE I:  S1809996 (JPC 4135077). 

Signalment: A 3-month-old, male, mixed-

breed pig (Sus scrofa) 

History: This pig had no previous signs of 

illness, and was found dead.  

Gross Pathology: Approximately 70% of 

the lungs, primarily in the cranial regions of 

the lobes, were patchy dark red, and firm 

compared to the more normal areas of lung.  

Laboratory results:  Porcine reproductive 

and respiratory syndrome (PRRS) PCR was 

positive from splenic tissue, and PRRS IHC 

was strongly immunoreactive within the 

cytoplasm of macrophages in the affected 

lung tissue. Porcine influenza virus PCR, 

porcine circovirus – 2 IHC, and 

Mycoplasma hyopneumoniae IHC were all 

negative. Small numbers of E. coli were 

isolated from the cranioventral lung with 

aerobic culture.  

Microscopic Description: The interstitium 

within the section is diffusely infiltrated by 

moderate to large numbers of predominantly 

mononuclear cells along with edema. There 

is abundant type II pneumocyte hyperplasia 

lining alveolar septae and many of the 

alveolar spaces have central areas of 

necrotic macrophages admixed with other 

mononuclear cells and fewer neutrophils. 

Occasionally there is free nuclear basophilic 

Lung, pig (HE, 6X). There is diffuse consolidation of 

the lung. At low magnification, airway are filled with

exudate and the pleura and interlobular connective

tissue are mildly expanded.

CASE I: 1512649 (JPC 4083340-00) 

Figure 1-1.  Spinal cord, goat:  Multiple sections of spinal 
cord and cerebellum are submitted for examination. There 
is no significant lesion at subgross magnification. (HE, 4x) 

Signalment: 
3.5-month-old, male, goat (Capra aegagrus

hircus). 

History: 

The goat had been examined by the submitting

veterinarian, with an initial complaint of ataxia in

its rear limbs by the owner. By the time of clinical 

evaluation, the kid was recumbent, blind and 

grinding its teeth. The owner of the flock reported 

that 4 additional young kids had a clinically 

similar disease during in spring 2015. 

The kid was euthanized and presented for 

necropsy examination. 

Gross Pathology: 

No gross lesions were observed. 

Laboratory Results: 

The goat was deficient in copper (approximately 

one tenth the normal levels), with molybdenum

concentrations over the normal range. Liver

copper was measured at 2.6 ppm (Normal 25-150 

ppm). 

Microscopic Description: 

The spinal cord contained swollen, chromatolytic 

neurons that had lost Nissl substance, affecting 

Clarke's column and ventral horn neurons 

throughout the length of the cord. Pyknotic nuclei 

were rare. Similar changes were observed in cell 

bodies in the red and vestibular nuclei.  

Figure 1-2.  Spinal cord, goat:  Neurons of the ventral horns 
are swollen and chromatolytic.  (HE, 380X)  
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These neurons retained cell-body phosphorylated 

neurofilaments. Spinal cord white matter 

degeneration was most severe in the lateral 

columns (spinocerebellar and spinomedullary 

tracts) and along the ventral median fissure, but 

was not easily visualized by myelin or 

neurofilament stains. The degree of tissue 

disturbance was more clearly demarcated with 

stains for microglia. CNPase did not demonstrate 

a reduction in oligodendrocyte numbers.  

The kid had segmentally severe loss of cerebellar 

Purkinje and internal granular neurons in all folia, 

and occasional degenerating neurons were 

apparent with HE stain. Segmental cell loss was 

strikingly evident with calbindin 

immunohistochemistry. Some calbindin positive 

cells (Purkinje neurons) had dilated axons in the 

folial white matter near the cell body.  

Contributor’s Morphologic Diagnoses:  

1. Purkinje cell degeneration and loss 

(abiotrophy) with axonal swellings.  

2. Neuronal degeneration, spinal cord. 

Contributor’s comment:  

Copper is a metabolic cofactor of several 

enzymes, including mitochondrial cytochrome 

oxidase and superoxide dismutase in the central 

nervous system.4 Copper deficiency has a 

spectrum is microscopic lesions depending on 

timing and severity of disease. Ruminants are at 

particular risk, due to the potential of dietary 

copper binding to thiomolybdate complexes in 

the rumen. In one study, copper deficiency 

accounted for spinal ataxia in 13/23 goats.1 Most 

affected animals were less than 6 months of age, 

but other studies suggest goats up to 18 months 

of age can be affected.1,3 

 

Lesions of copper deficiency are recognized 

world-wide in small ruminants, including 

goats.1,2,3,5 Number of 

cases varies widely 

between years, with 

variably severe 

clinical signs. In 

newborns, lesions 

consist of symmetrical 

necrosis of the cerebral 

white matter, sparing 

U fibers (swayback). 

Spinal cord changes of 

lateral white matter, 

termed demyelination 

in the literature, are 

described as 

concurrent axonal and 

myelin loss 

(axonopathy). 

Cerebellar lesions are 

much more common in goats.3 

“Swayback” has been recently reported in people, 

mostly women 50-70 years old who consumed 

excessive dietary zinc.4 

Contributing Institution:  
University of Missouri 

Veterinary Medical Diagnostic Laboratory 

vmdl.missouri.edu 

 

JPC Diagnosis:   
1. Spinal cord: Neuroaxonal degeneration, 

bilaterally symmetrical, moderate, with neuronal 

chromatolysis. 

2. Cerebellum, Purkinje and granular cell 

neurons: Necrosis and loss, multifocal. 

 

 

 

Figure 1-3.  Spinal cord, goat:  Within the dorsal aspects of the lateral funiculi and medial 
aspects of the ventral funiculi, there are numerous dilated myelin sheaths containing dilated 
axons, axonal debris, or Gitter cells.  (HE, 30X) 
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JPC Comment:  

The contributor provides a concise review of 

copper deficiency, also known as hypocupremia, 

in ruminants. 

Swayback and enzootic ataxia are two similar 

small ruminant central nervous system (CNS) 

diseases that occur as a result of a copper 

deficiency and are predominantly observed in 

small ruminants. Swayback is the term applied to 

the congenital form of disease which is primarily 

seen in neonatal lambs and rarely in kids. In 

contrast, enzootic ataxia has a delayed onset of 

clinical signs which typically manifest between 

one week and six months of age and affects both 

lambs and kids. Neonates with swayback are 

often stillborn, weak, unable to stand, or are 

ataxic while juveniles that develop enzootic 

ataxia are normal at birth but subsequently 

develop signs of disease characterized by 

incoordination, ataxia, and posterior paresis.2  

 

Both forms of disease are due to insufficient 

dietary copper uptake, either by the dam while the 

fetus is in utero (swayback) or by the neonate 

following parturition (enzootic ataxia). Copper 

absorption from the diet is determined by the type 

of food, the mineral composition of the foodstuff, 

and the interactions between the food type and 

mineral composition. Copper is best absorbed 

from diets low in fiber, such as cereals, while 

fresh roughage is a 

poor source of copper. 

Due to the poor 

availability of copper 

in grass, primary 

copper deficiency 

most commonly 

affects grazing 

animals.3 In addition, 

elevations of dietary 

molybdenum, 

cadmium, sulfates, and 

other minerals or 

substances can 

interfere with copper 

absorption and 

utilization, resulting in 

secondary copper 

deficiency.1,2 

As described by the 

contributor, copper is 

an essential cofactor 

utilized by multiple 

enzymes key to the 

function and development of the CNS, including 

the mitochondrial enzyme cytochrome oxidase. 

Dysfunction of this enzyme has been described in 

sheep and goats with swayback, resulting in 

decreased energy production and disruption of 

homeostasis within motor neurons.5  

Both enzootic ataxia and swayback result in 

bilaterally symmetrical lesions of the grey and 

white matter within the cerebellum, brainstem, 

and spinal cord of both lambs and kids. Cerebral 

lesions are also observed in cases of swayback.5 

Affected neurons are frequently swollen with 

chromatolysis, ranging from central 

chromatolysis with an eccentric nucleus to 

complete disappearance of Nissl substance with 

disruption and loss of nuclei (ghost cells). Other 

neurons are variably dense pink, and 

homogenous to fibrillar cytoplasm (due to 

accumulation of neurofilaments), have eccentric 

nuclei, and are variably necrotic.5 In cases of 

Figure 1-4. Spinal cord, goat: A stain for IBA-1 demonstrates enhanced staining in areas of 
axonal damage. (anti IBA-1, 40X)  (Photo courtesy of:  Veterinary Medical Diagnostic 
Laboratory, University of Missouri; vmdl.missouri.edu) 
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enzootic ataxia, affected neurons include the 

reticular formation in addition to the red and 

vestibular nuclei within the brainstem; the 

ventral, lateral, and less commonly the dorsal 

horns of the spinal cord; and Purkinjie cells 

within the cerebellum, which is also 

characterized by thinning of the granule cell layer 

and hypertrophic Bergmann glial cell processes 

within the molecular layer.5 In addition, 

Wallerian type degeneration is frequently 

observed in ventral spinal nerve rootlets and 

peripheral nerves.5 Respiratory stridor, likely due 

to degeneration of the recurrent laryngeal nerve 

may also be clinically observed.5 

Affected regions of white matter are 

characterized by areas of pallor due to 

degeneration of myelinated axons. Specific 

regions of affected white matter affected by 

enzootic ataxia include the spinocerebellar tracts 

extending into the middle cerebellar peduncles 

and the lateral and ventral funiculi of the spinal 

cord.5   

While the above described lesions are 

characteristic, demonstration of low 

concentrations of copper in liver samples is 

diagnostic.1  

 

References: 
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lesions of goats submitted to 3 
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2. Cordy DR, Knight, HD. California 

goat kids with a disease resembling 

enzootic ataxia or swayback. Vet 

Pathol. 1978;15:179-185. 
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Nicholson SS, et al. Enzootic ataxia in 
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Figure 1-5.  Cerebellum, goat.  Cerebellar folia are decreased in size, and there are large stretches in which Purkinje cells are 

loss and an overall loss of nuclei in the granular layer.  (HE, 159X) 
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CASE II: 18-6787 (JPC 4116588-00)  

 

 
Figure 2-1.  Uterus, goat:  A section of uterus 
(mesometrium to left) is submitted for examination.  The 
uterine wall is diffusely, transmurally, and asymmetrically 
expanded up to 8mm and the architecture is effaced by an 
infiltrative neoplasm. (HE, 4X) 

Signalment:  
15-year-old, female, Nigerian dwarf goat (Capra 

aegagrus hircus). 

 

History:  
One month history of hematuria, stranguria, 

polakiuria. By CT there was thickening of the 

reproductive tract causing compression of the 

ureters and secondary hyrdoureter and 

hydronephrosis. Multiple lung nodules 

bilaterally. 

 

Gross Pathology: 

 A 26kg Nigerian Dwarf ewe in good body (BCS 

3/5) and excellent postmortem condition is 

necropsied. Conjuctiva and oral mucous 

membranes are white. The metaphyseal bone 

marrow from the right femur is white with two 

small red areas (~3mm) on the lateral aspects. 

There is a ~5x3cm cystic mass embedded in the 

fascia between ventral cervical muscles near the 

thoracic inlet. Both thyroids contain numerous 

small cysts (~2-3mm in diameter). The lungs 

contain multifocal semifluctuant white nodules 

(~1-3cm in diameter) randomly distributed 

throughout the lung lobes; these nodules contain 

central areas of necrosis on sectioning. A similar 

nodular change effaced a tracheobronchial lymph 

node. The liver contains multifocal firm white 

areas with irregular margins (~1-3cm in 

diameter); these foci are solid white on 

sectioning. 

 

The body of the uterus is firm with multifocal tan, 

slightly raised nodules on the serosal surface; on 

cross section, there is annular thickening with 

necrotic areas and red, mucoid material in the 

lumen. Both uterine horns contain inspissated pus 

(pyometra). There are fibrous adhesions between 

the dorsal aspect of the uterine body and the 

ventral aspect of the urinary bladder which is 

moderately distended with clear, yellow urine. 

The mesovarium and mesometrium is moderately 

edematous. 

The urethra is entrapped in the fibrous adhesions 

between the bladder and uterus. Both kidneys 

have moderately dilated pelvises 

(hydronephrosis). 

The right adrenal cortex has a small (~5mm) cyst 

filled with clear, yellow fluid. 

The forestomach is full of fibrous feed. The small 

intestines contain liquid dark green ingesta. There 

are formed feces in the distal colon.  

 
Figure 2-2.  Uterus, goat.  The neoplasm is composed of 
neoplastic epithelium forming glands and acini within a 
moderate fibrous stroma. (HE, 270X) 

Laboratory Results:  
None. 

 

Microscopic Description: 

Uterine body - The submucosa-lamina propria is 

circumferentially infiltrated by neoplastic 

epithelium forming broad trabeculae and 

sometimes forming tubular structures surrounded 

by dense, highly cellular fibrous tissue 

(desmoplastic response). Neoplastic epithelium 

exhibits marked anisocytosis and anisokaryosis 

with regular karyomegaly. They contain round to 
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ovoid, vesiculated nuclei and a small amount of 

basophilic cytoplasm. In more differentiated 

areas with tubular formation, the epithelial cells 

attain a cuboidal to columnar morphology while 

in less differentiated areas they are rather 

pleomorphic, ranging from polygonal to 

spindloid. There are 25 mitotic figures in 10 high 

power fields. Scattered within the neoplastic 

population is another cell population that exhibits 

more pleomorphism, contains a single, large 

deeply basophilic nucleus with coarsely-clumped 

chromatin and a small amount of eosinophilic 

cytoplasm (syncytiotrophoblasts); these cells can 

also be seen scattered without the surrounding 

desmoplastic stroma. Neoplastic epithelium and 

its accompanying desmoplastic response extends 

through the myometrium and abut the 

surrounding serosa, enveloping peripheral 

nerves. Vascular tumor emboli are present at the 

periphery. There are multifocal areas of lytic 

necrosis throughout the neoplasm (comprising 

~20%) and scattered apoptotic cells within viable 

tissue. There is mild necrosis of surrounding 

adipose tissue. 

 

 
Figure 2-3.  Uterus, goat.  There is marked anisokaryosis 
and anisocytosis of neoplastic glandular epithelium. (HE, 
360X) 

Contributor’s Morphologic Diagnosis:  

Uterine ductal carcinoma, transmural, with 

vascular invasion and intratumoral 

syncytiotrophoblasts (consistent with 

choriocarcinomatous differentiation). 

 

Other lesions (not submitted): 

1. Hepatic and pulmonary metastases.  

2. Renal interstitial fibrosis with protein, hyaline 

and cellular casts. 

3. Cystic thymoma (suspect). 

 

 

Contributor’s Comment:  
Histopathology confirms the presence of uterine 

carcinoma, with a tubular pattern predominating. 

In general, neoplasia is uncommon in goats, with 

one large case series finding an incidence of 

8.7%.6 With regard to the uterus, leiomyomas 

were most common though case reports of 

leiomyosarcoma and adenocarcinoma have been 

documented.1 

 

The striking variance in cellular morphology may 

reflect transition into what is known as 

choriocarcinomatous differentiation, which has 

been documented in both humans and an aged 

goat.5 In these tumors, there are two distinct 

neoplastic populations, one which attains the 

typical ductal epithelium and another which 

resembles syncytiotrophoblast-like 

multinucleated giant cells mixed with highly 

pleomorphic cytotrophoblast-like cells. The 

former morphology is more consistently found 

within metastatic lesions in these neoplasms as 

was seen in this case (metastatic lesions not 

submitted). The prognostic significance of this 

type of differentiation is uncertain in caprine 

species, though expression of embryonic proteins 

may indicate a more primitive/anaplastic 

transformation has occurred which potentially 

behave more aggressively. To confirm this 

variant we would need to have IHC performed on 

uterine sections to prove production of chorionic 

origin antigens, such as chorionic 

gonadotrophins, within the more pleomorphic 

cell population.  

Other domestic species including rabbits and pigs 

have been reported to develop choriocarcinomas, 

neoplasms of trophoblastic origin, without an 

endometrial component.3,4 These can be 

subdivided into gestational (i.e. derives from 

placental tissue during pregnancy) and 

nongestational (i.e. derives from germ cells 

within ovarian tissue). Ovarian/nongestational 

choriocarcinomas have also been documented in 

non-human primates such as rhesus macaques2 

and a cynomolgus monkey.8 
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Contributing Institution: 

Oregon Veterinary Diagnostic Laboratory 

Oregon State University  

Carlson College of Veterinary Medicine  

30th and Washington Way 

Corvallis, Oregon 97331. 

https://vetmed.oregonstate.edu/diagnostic 

  

JPC Diagnosis:   

Uterus: Uterine adenocarcinoma. 

 

 
Figure 2-4.  Uterus, goat.  The neoplasm transmurally 
effaced the wall of the uterus; in this section, the neoplasm 
is infiltrating the last remaining area of smooth muscle.  
(HE, 120X) 

JPC Comment:   

Conference attendees were in agreement with the 

contributor in regard to the diagnosis of uterine 

adenocarcinoma. Confirmation of 

choriocarcinomatous differentiation was 

attempted using a battery of 

immunohistochemical stains, including human 

chorionic gonadotrophin (hCG), α-inhibin, and 

human placental alkaline phosphatase (hPLAP).  

Unfortunately, immunohistochemical stains for 

hCG, α-inhibin, hPLAP were non-contributory 

and choriocarcinomatous differentiation could 

not be confirmed. 

   

Epithelial neoplasms of the caprine reproductive 

tract are relatively uncommon. In one study, there 

were only two reports of uterine adenocarcinoma 

following a retrospective review of 100 goats 

with 102 tumors.6 Furthermore, the presentation 

of uterine adenocarcinoma with pleomorphic 

cells suggestive of choriocarcinomatous 

differentiation in this case is exceedingly rare, 

although a similar case of endometrial 

adenocarcinoma with choriocarcinomatous 

differentiation was confirmed in an aged goat, as 

noted by the contributor.5  

 

Choriocarcinoma is a spontaneously occurring, 

highly malignant, biphasic trophoblastic tumor 

composed of cytotrophoblastic and 

syncytiotrophoblastic cellular components and is 

very rare in both animals and humans.3 As 

described by the contributor, nongestational 

choriocarcinomas typically arise within the 

ovaries; however, nongestational 

choriocarcinomas can rarely arise from 

trophoblastic differentiation within poorly 

differentiated carcinomas, including endometrial 

carciomas.3 Three hypotheses have been 

proposed in regard to choriocarcinomatous 

differentiation in endometrioid adenocarcinoma 

and are as follows: (1) dedifferentiation of 

epithelial cells into choriocarcinoma, (2) germ 

cells that fail to complete migration to the gonads, 

and (3) multidirectional tumor differentiation 

from a common stem cell.5 

Participants noted the presence of neoplastic cells 

within not only lymphatics but also nerve ganglia, 

a feature consistent with perineural invasion.  

Physically, epineurial, perineurial, and 

endoneurial spaces of the neuronal sheath are 

loose connective tissues that can be exploited as 

low-resistance channels that allow for the rapid 

migration of neoplastic cells.  In humans, 

perineural invasion has been shown to be a 

negative prognostic indicator in cases of 

endocervical adenocarcinoma in addition to other 

neoplasms.7    
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CASE III: 20-23 (JPC 4118594-00) 

 

 
Figure 3-1.  Heart, and testis, rat.  At subgross 
magnification, there is marked atrial dilatation on the 
sagittal section of heart and areas of hypercellularity in 
the myocardium.  There is diffuse loss of tubular 
architecture in the testis, and a large infarct outlined by a 
dense hypercellular band. (HE, 5X) 

Signalment:  

4-month-old, male, F344-Il2rg/Rag2
em1Iexas 

rat 

(Rattus norvegicus domestica). 

 

History:  

A cohort of 9 adult rats were received in order to 

expand a breeding colony for transplant research.  

 
Figure 3-2.  Heart, rat:  There are large, coalescing areas 
of cardiomyocyte necrosis with infiltration by large 
numbers of viable and necrotic neutrophils.  (HE, 400X) 

Within 2 months, all animals aside from 1 female 

had either died or were euthanized in moribund 

condition. Clinical symptoms in rats that had 

them included hunching, weight loss, ataxia, and 

swollen limbs. Other animals were found dead 

with no previous clinical symptoms.  

 

Gross Pathology:  

Some animals had no gross lesions while others 

had white foci in various organs, most often the 

heart, kidneys, and livers. This animal also had 

enlarged, white-tan testes.  

 

Laboratory Results:  

Streptococcus suis was isolated from the blood 

via bacterial culture/sensitivity at necropsy.  

 

Microscopic Description: 

Heart: Throughout the myocardium, there are 

multifocal to coalescing aggregates of 

neutrophils and fibrin which separate, surround, 

and replace cardiomyocytes. Remaining 

cardiomyocytes in these areas either swollen with 

vacuolated sarcoplasm (degenerate), or shrunken 

with hypereosinophilic sarcoplasm, loss of cross 

striations, and pyknotic nuclei (necrotic). 

Multifocally, blood vessels contain adherent 

fibrin thrombi that contain enmeshed neutrophils 

and colonies of bacterial cocci.  

Testis: Diffusely within the interstitium, 

separating and surrounding seminiferous tubules 

are aggregates of neutrophils (often degenerate), 

fibrin, macrophages, and colonies of bacterial 

cocci. Intravascular fibrin thrombi and necrosis 

of blood vessel walls are frequently observed as 

are areas of lytic and/or coagulative necrosis. 
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Seminiferous tubules are degenerative to 

completely necrotic (degree varies based on 

slide) with Sertoli cell vacuolation, spermatocyte 

necrosis, giant spermatids, and 

disorganization/loss of germ cells.   

 
Figure 3-3.  Heart, rat:  There are numerous large colonies 
of cocci scattered throughout areas of necrotic 
myocardium.  (HE, 380X) 

Contributor’s Morphologic Diagnosis:  

1. Heart: Myocarditis, suppurative, severe, 

multifocal to coalescing, with vascular thrombi 

and intralesional bacterial cocci  

2. Testis: Orchitis, necrosuppurative, severe, 

diffuse with vascular thrombi and intralesional 

bacterial cocci  

Contributor’s Comment:  

The F344-Il2rg/Rag2 em1Iexas 
rat strain shows 

severe combined immunodeficiency caused by 5-

bp deletion in Il2rg gene on the X chromosome 

and 1-bp insertion in Rag2 gene on chromosome 

3.4 Like their mouse counterparts, these rats have 

high immunocompromised symptoms due to the 

simultaneous absence of mature T-cells, B-cells, 

and NK cells as well as defective macrophage 

activity and reduced dendritic cell function.5 This 

model is ideal for studies involving implantation 

of human tissue; however, they are also 

extremely susceptible to secondary infections, 

particularly at the time of transport. 

Necrosuppurative lesions were also found in 

other organs including kidneys, meninges, joints 

(one animal), and liver. The testicular lesions 

were only noted in a single animal, and both 

testes were affected.  

Streptococcus suis causes well-defined 

streptococcal septicemia in swine. The organism 

is carried in the palatine tonsils of pigs, and 

infection is likely spread via the respiratory route. 

Although outbreaks may occur, sporadic and 

isolated disease is more common. Lesions most 

frequently include purulent meningitis and 

polyserositis. Additional lesions that can be seen 

include purulent arthritis, fibrinopurulent 

pericarditis, endocarditis, or hemorrhagic, 

necrotizing myocarditis. Serotype 2 is the most 

commonly isolated serotype isolated from pigs 

and humans and is the most pathogenic serotype.1  

S. suis is a significant human pathogen, 

particularly in southeast Asia, posing a challenge 

to public health.1,2 Human disease most 

frequently can include meningitis, septicemia, 

and pneumonia with arthritis, endocarditis, 

streptococcal toxic shock-like syndrome 

(STSLS) occurring less commonly.2 

An interesting feature of this case is the severity 

of the lesion in the testis. This is not a commonly 

described feature of S. suis in any species. There 

is a case report in a human from Thailand 

experiencing acute pyogenic arthritis with 

orchitis also described, though details of the 

testicular lesions are not detailed.4 

 
Figure 3-4.  Testis, rat:  Approximately 33% of the testis is 
exhibits coagulative necrosis, and is bounded by bands of 
necrotic neutrophils and cellular debris.  (HE, 136X) 

Contributing Institution: 

Division of Laboratory Animal Resources 

University of Pittsburgh 

S1040 Thomas E. Starzl Biomedical Science 

Tower 

200 Lothrop Street 

Pittsburgh, PA 15261 

http://www.dlar.pitt.edu/ 

 



10 
 

Figure 3-5.  Testis, rat:  The remainder of the testis is     
undergoing lytic necrosis.  (HE, 140X). 

JPC Diagnosis:   
1. Heart: Myocarditis, necrotizing and 

suppurative, multifocal to coalescing, marked, 

with vasculitis and thrombosis, mural 

endocarditis, and large colonies of bacterial 

cocci.  

2. Testis: Orchitis, necrotizing, diffuse, severe 

(infarct), with necrotizing arteritis and large 

colonies of bacterial cocci.  

JPC Comment:  
The contributor provides a concise overview of 

the spectrum swine and human lesions caused by 

Streptococcus suis in addition to the unique 

circumstances likely contributing to the lesions 

observed in this case. 

 

S. suis is a gram-positive facultative anaerobe that 

is spherical to oval in shape and exists in pairs and 

short chains. When cultured on blood agar, a zone 

of green discoloration is formed around colonies 

(α-hemolysis).2 

 

S. suis can be cultured from blood or CSF 

samples obtained from septicemic patients and/or 

those with meningitis via standard 

microbiological techniques; however, it is often 

misidentified or the infection goes undiagnosed. 

Based on one author's experience, S. suis is 

commonly misidentified and reported as 

Streptococcus species α-hemolyic or viridans 

streptococci, Enterococcus faecalis, Aerococcus 

viridans, and S. pneumonia.6 

 

35 S. suis serotypes (1 to 34 and 1/2) were 

initially identified based on the antigenic 

composition of the bacterial capsule during early 

classification.3 However, subsequent studies have 

demonstrated serotypes 32 and 34 belong to 

Streptococcus orisratti and analysis of 16S 

ribosomal RNA of serotypes 20, 22, and 26 

revealed these serotypes are also genetically 

different, resulting in a new species coined 

Streptococcus parasuis. Therefore, S. suis is 

currently composed of 29 serotypes, with 

serotype 2 strains recognized as the most virulent 

and widely studied.3 

 

In regard to zoonosis, S. suis is a worldwide threat 

due to its distribution, although the majority of 

reported human infections originate in Southeast 

Asia.6 Studies in Vietnam and China have found 
occupational or household exposure occurring 

during the slaughtering and trimming process of 

pig carcasses and the handling and consumption 

of pork-derived products are significant risk 

factors for zoonotic transmission. In addition, 

farmers in these countries were found to be at 

increased risk due to the common practices of 

sharing accommodations with pigs and the 

slaughtering and consumption of diseased 

animals at home.6 

 

 
Figure 3-6.  A Gram stain highlights the presence of large 
colonies of cocci within the lumen of small veins and the 
interstitium.  (Brown-Brenn, 400X) 

A systematic survey of bacterial meningitis in 

Vietnamese adults recently suggested S. suis 

serotype 2 is the most common pathogen 

associated with human bacterial meningitis 

within that population. Although mortality was 

relatively low (2.6%), hearing loss was a 

common complication (66.4%).2 
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Figure 3-7. Heart, rat.  The supravital staining provided by 
phosphotungstic acid hematin staining easily 
demonstrates the areas of recent necrosis of cardiac 
(upper left) and skeletal muscle. (PTAH, 200X)  
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CASE IV: 20-21 345 (JPC 4153945-00) 

 

Signalment:  
13-year-old, female, rhesus macaque (Macaca 

mulatta). 

 

History:  
This rhesus monkey has a two-year history of 

severe menses. The monkey would become pale, 

quiet, lethargic and hyporexic during these 

periods. Subcutaneous fluids and other 

supportive care were provided during these 

periods and ultimately the animal would recover 

over the course of a few weeks. During the 

monkey’s last month, she began to rapidly 

decline, in the absence of menses, which was 

characterized by decreased activity/recumbency 

in her cage, and weight loss where she would no 

longer take treats from staff. Ultimately 

euthanasia was elected due to the clinical decline 

of the animal.  

 

Figure 4-1.  Oviduct, ovary, and mesentery, rhesus 
macaque.  At subgross magnification, oviduct serosa is 
expanded by uterine glands and stroma, which also 
infiltrate the adjacent mesometrium and mesentery.  
Ovarian tissue is fused with the infundibulum of the 
oviduct.  (HE, 5X) 

 

Gross Pathology:  

No gross description or images were provided by 

the clinical veterinarians. Their working 

diagnosis was endometriosis and they submitted 

a sample of uterus and mesenteric mass for 

confirmation. 

http://www2.med.osaka-u.ac.jp/gerdc/srpo/index_en.html
http://www2.med.osaka-u.ac.jp/gerdc/srpo/index_en.html
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Laboratory Results:  

Comprehensive CBC 6 months prior to 

euthanasia was consistent with a hypochromic 

and macrocytic regenerative anemia. Clinically 

this was attributed to iron deficiency affiliated 

with chronic blood loss.  

 

CBC Parameters 

WBC (k/ul) 9.41 

RBC (M/uL) 3.30 

HGB (g/dL) 9.6 

HCT (%) 33.9 

MCV (fL) 103 

MCH (g/pg) 29.1 

MCHC (g/dL) 28.3 

Platelet Count (K/uL) 361 

RBC Morphology 

Reticulocyte (%) 18.4 

Absolute Reticulocyte (K/uL) 607 

Nucleated RBC (/100 RBC) 25 

Polychromasia Moderate 

Anisocytosis Moderate 

Poikilocytosis Moderate 

Heinz bodies None seen 

Differential Absolutes 

Neutrophils (/uL) 5358 

Bands (/uL) 0 

Lymphocytes (/uL) 2820 

Monocytes (/uL) 1222 

Eosinophils (/uL) 0 

Basophils (/uL) 0 

WBC corrected for the presence of nucleated 

RBC’s1 

 

Microscopic Description: 

Uterus: The myometrium is multifocally 

thickened by hyperplastic islands and focal 

aggregates of papillary fronds of endometrial 

glands and stromal elements (adenomyosis), 

which disrupt and replace smooth muscle 

bundles. Occasionally similar findings extend to 

the perimetrium and adjacent mesentery 

(endometriosis). Lumina of endometrial glands 

occasionally are ectatic containing variable 

amounts of eosinophilic homogenous material 

(secretory product) admixed with cellular debris 

and moderate numbers of neutrophils and 

macrophages. The myometrium occasionally 

contains dense aggregates of pigment laden 

histiocytes interpreted to represent hemosiderin 

(chronic hemorrhage). There are rare 

lymphocytes, plasma cells and neutrophils within 

the uterine stroma. The uterine lumen contains 

low numbers of erythrocytes, eosinophilic 

homogenous material, and neutrophils.  

Mesentery: Expanding and effacing the 

mesentery are multiple, infiltrative islands of 

endometrial glands surrounded by abundant, 

densely cellular endometrial stroma. The 

endometrial glands are lined by simple to 

pseudostratified columnar epithelial cells with a 

moderate amount of clear to pale eosinophilic 

cytoplasm and prominent basilar vacuolation. 

Nuclei are anti-basilar and oval with finely 

stippled chromatin. Occasionally, glands contain 

moderate numbers of macrophages, neutrophils, 

erythrocytes, and exfoliated cellular debris.  

Contributor’s Morphologic Diagnoses:  

1. Uterus: Adenomyosis and endometriosis 

2. Peritoneum: Endometriosis  

Contributor’s Comment:  

Endometriosis (endometrial glands or stroma 

explanted outside of the uterus-i.e., ovary, 

peritoneum) and adenomyosis (endometrial 

stroma and/or glands confined within the 

myometrium of the uterine wall) are non-

neoplastic, estrogen-dependent, hyperplastic 

lesions of endometrial elements. In humans this 

condition has been reported to affect 10-15% of 

women in reproductive age, while prevalence in 

aged intact-female cynomologous macaques has 

been reported as high as 28.7%.1,7 The menstrual 

cycle of rhesus monkeys (Macaca mulatta) is 

seasonal, while that of baboons (Papio spp.) and 

cynomolgus monkeys (Macaca fascularis) is 

similar to humans (~4-week menstrual cycle).  

Accordingly, the later two are considered more 

relevant spontaneous models of endometriosis. 

Histologic components of adenomyosis and 

endometriosis are heterogenous and include 

variable ratios of endometrial epithelium and 

CD10 positive stromal cells with hemorrhage and 

inflammation, but also smooth muscle metaplasia 

and nerve fibers.5,6 
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Gross differential diagnosis such as 

carcinomatosis and mesothelium are readily ruled 

out microscopically, given both of these 

conditions display features of malignancy such as 

cellular pleomorphism and a high mitotic index 

that is not observed with adenomyosis and 

endometriosis.   

In humans, common clinical signs and or 

symptoms include severe dysmenorrhea, chronic 

pelvic pain, diarrhea and constipation and 

infertility.3 Fortunately in both humans and non-

human primates, clinical progression is typically 

slow and for the most part stable over long 

periods of time. Complete resection of all visible 

foci of disease via surgery offers the best control 

of symptoms, however the possibility of 

achieving this goal both in humans and NHPs is 

limited by the difficulty of detecting all foci and 

the risks associated with radical surgical 

strategies, including additional seeding within 

laparotomy scars.8  

Effective clinical screening for endometriosis in 

NHP colonies includes the observation of regular 

menstrual bleeding, serum Cancer antigen 125 

(CA125) levels and palpation of the abdomen. 

Elevated serum CA125 levels are correlated with 

the presence of chocolate cysts in monkeys with 

endometriosis as well as humans.4,6 Longitudinal 

MRI screening in at risk populations has received 

recent attention as a non-invasive method both in 

human clinics as well as NHP breeding colonies, 

but is logistically and financially restrictive.9 

Regardless of 

approaches, screening 

is recommended in 

rhesus and 

cynomolgus monkeys 

within the 11-20-year-

old age group, which 

are at a greater 

frequency of 

menstrual bleeding 

and active ovarian 

function. Decreased 

food consumption has 

been indicated as a 

proposed terminal 

endpoint for 

endometriosis in 

NHPs knowing that 

this relates to severe pelvic pain and reduce 

quality of life.6 

 
Figure 4-3.  Ovary, rhesus macaque.  Multifocal follicles of 
varying maturity in addition large aggregates of thecal 
cells with yellow-brown pigment (corpus luteum). (HE, 
74X) 

Contributing Institution:  
Department of Pathology and Laboratory 

Medicine 

Boston University Medical Campus 

http://www.bumc.bu.edu/busm-pathology/ 

 

JPC Diagnosis:  Oviduct, serosa and mesentery: 

Endometriosis with ovarian adhesion. 

 

JPC Comment:  

The contributor provides an excellent overview 

of endometriosis in NHPs and humans. 

 

Interestingly, diagnosis of endometriosis remains 

a difficult and often lengthy process despite the 

prevalence of this condition in both NHP and 

humans. On average, women 18-45 years old  

Figure 4-2.  Oviduct, rhesus macaque.  Oviduct serosa (bottom right) is infiltrated by uterine 
glands and stroma (endometriosis). (HE, 32X)   

 

 

 

 

http://www.bumc.bu.edu/busm-pathology/
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with endometriosis symptoms are not diagnosed 

for 6.7 years.7 Clinical history, physical exam, 

and testing for other common causes of pelvic 

pain often begin the diagnostic process, followed 

by transabdominal or transvaginal ultrasounds 

and occasionally MRI and CT.7 Numerous 

biomarkers and assays have been evaluated as 

less invasive diagnostic tools, but thus far none 

have proven reliable.7 Diagnosis and the 

development of minimally invasive testing is 

presumably complicated by a lack of clear 

pathogenesis for endometriosis.  

Retrograde menstruation is the most evidentially 

supported hypothesis, during which endometrial 

fragments adhere to the mesothelium and in the 

absence of an appropriate immune response begin 

to grow, bleed cyclically, and eventually cause 

adhesions and fibrosis.5 While this hypothesis has 

the most supporting evidence, additional research 

suggests alternative causes or contributing factors 

toward the development of endometriosis. This 

argument is partially based on the idea that 

retrograde menstruation is common in 

menstruating women, while the prevalence of 

endometriosis is low.7 This mismatch of 

prevalence leads to the idea that other factors 

including hormones, inflammation, and 

immunologic status may also play a role in its 

development. In the face of these barriers, biopsy 

and histological confirmation remain gold 

standard for definitive diagnosis.7  

Grossly, endometriosis is described in humans 

and NHPs as “chocolate cysts” that are brown, 

reddish, black, or blueberry in color and are found 

to be associated with the ovaries, uterus, and 

sometimes the surface of other organs or the 

peritoneal wall. Severe abdominal adhesions are 

also commonly described in both human and 

NHP with severe endometriosis.5 

The unique histomorphologic features within the 

submitted section generated spirited discussion 

amongst conference participants in regard to 

tissue and lesion identification.  The case was 

subsequently referred to our colleagues within the 

subspecialty of (human) reproductive pathology. 

Following consultation and further discussion 

amongst the staff, there is consensus that regions 

of tissue described as adenomyosis are more 

consistent with oviduct and adhered atypical 

ovarian tissue.  
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Figure 4-4. Mesentery, rhesus macaque.  The mesentery is infiltrated and lobules of adipocytes are surrounded by infiltrating 
endometrial glands and uterine stroma, often in turn surrounded by dense fibrous connective tissue.  (HE, 9X) 
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Conference 2   

 

1.  Which of the following is seen predominantly in newborn small ruminants with copper 

deficiency? 

a. Cerebral white matter leukoencephalomalacia

b. Cerebellar folial edema 

c. Demyelination of ventral nerve roots 

d. Hydranencephaly 

 

2. In the goat, which of the following uterine tumors is most common? 

a. Endometrial carcinoma 

b. Leiomyoma 

c. Leiomyosarcoma 

d. Endometrial stromal sarcoma 

 

3. Rag2-knockout mice and rats are popular in laboratory settings for what reason ? 

a. Development of diabetes in non-obese individuals

b. Severe immunosuppression 

c. Deficiency of hepatic membrane cholesterol transporters 

d. Deficiency of DNA repair function 

 

4. Immunohistochemical testing for which antibody will label endometrial stroma? 

a. AFP 

b. CD20 

c. Inhibin 

d. CD10 

 

5. Which of the following markers is used to screen and monitor women for endometriosis? 

a. SDMA 

b. CA125 

c. Alpha-inhibin 

d. Beta-HCG 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I:  S1809996 (JPC 4135077). 

Signalment: A 3-month-old, male, mixed-

breed pig (Sus scrofa) 

History: This pig had no previous signs of 

illness, and was found dead.  

Gross Pathology: Approximately 70% of 

the lungs, primarily in the cranial regions of 

the lobes, were patchy dark red, and firm 

compared to the more normal areas of lung.  

Laboratory results:  Porcine reproductive 

and respiratory syndrome (PRRS) PCR was 

positive from splenic tissue, and PRRS IHC 

was strongly immunoreactive within the 

cytoplasm of macrophages in the affected 

lung tissue. Porcine influenza virus PCR, 

porcine circovirus – 2 IHC, and 

Mycoplasma hyopneumoniae IHC were all 

negative. Small numbers of E. coli were 

isolated from the cranioventral lung with 

aerobic culture.  

Microscopic Description: The interstitium 

within the section is diffusely infiltrated by 

moderate to large numbers of predominantly 

mononuclear cells along with edema. There 

is abundant type II pneumocyte hyperplasia 

lining alveolar septae and many of the 

alveolar spaces have central areas of 

necrotic macrophages admixed with other 

mononuclear cells and fewer neutrophils. 

Occasionally there is free nuclear basophilic 

Lung, pig (HE, 6X). There is diffuse consolidation of 

the lung. At low magnification, airway are filled with

exudate and the pleura and interlobular connective

tissue are mildly expanded.

CASE I: 288/09 (JPC 41120035-00) 

Signalment: 
24-month old, male, Nelore (Bos taurus indicus), 

bovine. 

Figure 1-1. Presentation, ox: Affected animals 
demonstrate significant hindlimb weakness and ataxia. 
(Photo courtesy of: Laboratório de Patologia Veterinária, 
Universidade Federal de Mato Grosso. 
http://www1.ufmt.br/ufmt/unidade/?l=ppgvet) 

History: 
The disease occurred in January-February 2010, 

in cattle held on a farm in the state of Pará Norh 

Brazil. Twenty five out of 3,000 cattle were 

affected by a neurological disorder 60 days after 

being vaccinated against the foot and mouth 

disease (FMD). The affected cattle were of 

different ages and fair nutritional condition. They 

presented a 5cm diameter nodular protuberance, 

commonly on the left side of the lumbar region 

midline, involving muscle and subcutaneous 

tissue. The clinical signs were consistent with 

lumbar spinal cord compression syndrome with 

progressive paralysis of the hind limbs, 

characterized by ataxia with signs of dragging the 

hooves, crossing of hindlimbs when walking,

"dog sitting" position with spread hindlimbs,

urinary incontinence, and stumbling and falling. 

These signs lasted for 2-5 months and evolved to 

sternal recumbency with difficulty in rising. The 

sensory and motor reflexes of the forelimbs were 

normal. 

Gross Pathology:  

There were areas of grayish yellow discoloration 

in the longissimus dorsi muscle. These areas were 

firm and infiltrated muscle bundles and 

communicated with a roughly fusiform 

cylindrical 10x3cm white-yellowish mass located 

in the epidural space extending from L1 to L4 and 

adhered both to the periosteum of the vertebral 

body and to the dura mater (Fig. 2). In this area, 

whitish oily fluid, resembling the consistency of 

FMD vaccine, was infiltrated the intervertebral 

spaces. On cut surface (Fig. 3), the epidural mass 

was white and firm and had multifocal to 

coalescing, soft, fairly nodular yellow foci 

ranging in size from 0.2 to 2 cm in diameter. 

1 September 2021
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Figure 1-2.  Spinal cord, ox.  The epidural fat adjacent to 
the lumbar cord is hard with yellow-white mottling 
throughout. (Photo courtesy of:  Laboratório de Patologia 
Veterinária, Universidade Federal de Mato Grosso. 
http://www1.ufmt.br/ufmt/unidade/?l=ppgvet) 

 

Laboratory Results:  

A myelography of the lumbosacral revealed 

contrast retention at the level of L4 vertebra and 

an intradural mass extending from L1 to L3. No 

bacterial growth was obtained from the bacterial 

culture of spinal cord samples from this region. 

Microscopic Description:  
The subcutaneous tissue of the lumbar area and 

muscle was expanded and partially effaced by 

extensive pyogranulomatous inflammation and 

fibrosis. There was hyaline and floccular 

degeneration of the striated muscle in the area. 

The mass in the epidural space consisted of the 

same type of pyogranulomatous inflammation. 

Some of the pyogranulomas consisted of a 

necrotic and mineralized with numerous 

neutrophils surrounded by foamy and epithelioid 

macrophages (occasionally forming 

multinucleated giant cells), lymphocytes, and 

plasma cells. Clear spaces ranging from 20 to 

200μm were seen in central necrotic areas. The 

dura mater was thickened by fibrosis and the 

epidural space obliterated the pyogranulomatous 

mass. Neuronal chromatolysis were observed 

mainly in the dorsal horns of the gray matter of 

the spinal cord, and mild to severe Wallerian 

degeneration in the dorsal funiculi. 

 

Samples from the granulomatous mass and spinal 

cord were stained using Steiner’s silver and 

Ziehl-Neelsen acid-fast techniques.  

 

Contributor’s Morphologic Diagnosis:  

1. Severe, focally extensive, pyogranulomatous 

panniculitis; myositis with intralesional vacuoles. 

 

2. Spinal cord pyogranulomatous pachymeningitis 

with intralesional vacuoles (consistent with oil 

adjuvant droplets).  

3. Myelomalacia, secondary to spinal cord 

compression (consistent with oil adjuvant 

droplets). 

 

Contributor’s Comment:  
The findings described here characterize cases of 

spinal cord compression caused by 

granulomatous inflammation caused by incorrect 

inoculation of the FMD vaccine. Vaccines 

against FMD contain an oil adjuvant. Adjuvants 

act non-specifically by increasing the immune 

response against antigens and are a key 

component of vaccines. They can cause adverse 

effects such as anaphylaxis, infection, 

granulomas at the injection site, and tumors.4 

The cases of spinal cord compression described 

here were attributed to improper vaccination. 

There is limited information about economic 

losses due to vaccine reactions in cattle in Brazil. 

The practice of mass vaccination, mainly in beef 

cattle, has led to the appearance of abscesses in 

the injection site because of improper sharing of 

needles between individuals and antisepsis 

procedures during the vaccination. 
                                                                                      

 

Figure 1-3. Sectioning of the spinal cord discloses fibrosis 
and numerous foci of inflammation within the epidural fat. 
(Photo courtesy of:  Laboratório de Patologia Veterinária, 
Universidade Federal de Mato Grosso. 
http://www1.ufmt.br/ufmt/unidade/?l=ppgvet) 
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The most remarkable histopathological findings 

in this case were somewhat similar to those 

observed in others studies.3,5,6,7 Demonstration of 

lipid-like material surrounding or within the 

center of pyogranulomas, coupled with the 

absence of bacterial infection, indicated that the 

reaction was most likely directed toward a 

component in the vaccine, in association with the 

practice of improper procedures 

In domestic animals, which exhibit posterior 

ataxia and paralysis, several differential 

diagnoses such as fractures, neoplasms (mainly 

lymphosarcoma), rabies, and botulism should be 

considered in this region of Brazil. However, 

most of them have clinical, macroscopic and 

microscopic different aspects, which were ruled 

out. In this case, the history of incorrect 

vaccination procedures was essential to the 

diagnosis.7 

 

The neck is the usual inoculation site for the FMD 

vaccine in cattle in Brazil. Paravertebral 

intramuscular injection sites should be avoided 

for vaccination purposes when potentially 

irritating biological products are used. 

 

Contributing Institution:  

Laboratório de Patologia Veterinária, 

Universidade Federal de Mato Grosso  

http://www1.ufmt.br/ufmt/unidade/?l=ppgvet 

 

JPC Diagnosis:  

Spinal cord, meninges and epidural fat: 

Pyogranulomas, multiple, with numerous clear 

vacuoles (consistent with oil droplets) and 

marked fibrosis. 

 

JPC Comment:  

The contributor's 

comment provides a 

concise overview of 

adjuvant's role within 

vaccines and potential 

consequences of 

inappropriate 

administration.  

Adjuvants (Latin: 

adjuvare "to help") 

mimic microbial 

antigens detected by 

antigen presenting cell 

pattern recognition 

receptors, increasing 

the innate immune 

system's response and 

subsequently 

facilitating the 

development of 

adaptive immunity.  Antigen presenting cells 

subsequently express of molecules called 

costimulators and secrete cytokines that stimulate 

the proliferation and differentiation of T 

lymphocytes in peripheral lymphoid organs 

which then facilitate development of the adaptive 

immune system (i.e. cell mediated and humoral 

immunity).2,5  

Water-in-oil adjuvanted vaccines are commonly 

used in food animals worldwide, including the 

United States, but are no longer used in human 

formulations due to their irritancy in tissue, 

particularly in regard to more slowly absorbed 

mineral oil mixtures.5  

Scar tissue formation is an undesirable side effect 

of vaccination site reactions in food animals, 

reported to cost the United States cattle industry 

Figure 1-4. Spinal cord, ox:  Subgross magnification of a section of spinal cord demonstrates 
numerous well-formed pyogranulomas centered on clear vacuoles within the largely effaced 
epidural fat.  (HE, 7X) 
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$55 million dollars annually (2005 value) due to 

trim, affecting 10% of carcasses in 1998.5 

Producer organizations in North America 

therefore recommend biological, antibiotic, 

vitamin, and mineral products be formulated for 

subcutaneous use whenever possible and 

administered in the neck. However, these 

products may ultimately be administered 

elsewhere, such as in epaxial or hip muscles for 

reasons such as operator safety, ease of 

administration, and in some cases lack of a 

manufacturer statement advising against injection 

in these locations.5   

Aqueous based (often combined aluminum 

hydroxide [Al(OH)3] and saponin) adjuvants are 

also commonly used in veterinary medicine and 

have also been implicated in the formation of 

immune mediated granulomas.1,8   

One study in sheep found approximately 92% of 

lambs injected with an aluminum based adjuvant 

without vaccine solution developed immune 

mediated granulomas. The presence of aluminum 

within granulomas (and lymph nodes) was 

confirmed using fluorescence microscopy with 

lumogallion staining and electron microscopy.1 

The moderator discussed additional causes of 

compressive myelopathy in ruminants, including 

abscesses, trauma, malformation, and neoplasia. 
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eds. Robbins and Cotran Pathologic 
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CASE II: 14W4636 (JPC 4068606-00) 

 

Signalment:  
Juvenile, male, Rocky mountain elk (Cervus 

canadensis nelsoni). 

 

History:  
Forty-four free-ranging elk calves died on a 

Wyoming Game and Fish Department winter 

feedground over the previous month (March). 

The winter was atypical, even for Wyoming: 

unusually heavy amounts of wet snow, followed 

by bouts of above freezing temperatures. 

Figure 1-5. Spinal cord, ox: Higher magnification discloses 
the variation in pyogranuloma formation.  Pyogranulomas 
are centered on clear vacuoles, which are also present in 
their walls.  The number of neutrophils at the center 
decreases in more mature lesions, which also contain 
crystalline mineral.  (HE, 360X). 

 



5 
 

Biologists described calves as losing condition 

and becoming recumbent. This calf was 

euthanized by gunshot and submitted for 

necropsy. 

Gross Pathology: 

 The carcass was that of a juvenile male elk in 

poor nutritional condition. Dead weight: 110 kg. 

There was serous atrophy of fat throughout. 

Femoral bone marrow was red and gelatinous. 

Approximately 25% of the liver had sharply-

demarcated caseous necrosis (from pathologist’s 

notes). Interdigital lesions were recorded as 

present but ‘minimal’. 

Laboratory Results:  

 PCR on liver Fusobacterium necrophorum: 

detected 

 Clostridium perfringens and Trueperella 

pyogenes isolated (liver) 

 Negative on culture for Brucella abortus 

(multiple lymph nodes) 

 Negative IHC for chronic wasting disease 

(obex; palatine tonsil; medial 

retropharyngeal LN)  

 

Microscopic Description: 

Two tissues are presented. The femoral bone 

marrow exhibits marked serous atrophy of fat, 

with atrophic adipocytes separated by expanded 

eosinophilic intercellular matrix. The section of 

liver encompasses an abrupt margin between 

necrotic and viable hepatic tissue. There is 

fibrosis, disorganization of hepatic plates, and 

lymphocytic-histiocytic inflammation with 

neutrophils throughout. Bacteria are present in 

necrotic tissue close to viable tissue margins. A 

Gram’s stain demonstrates that bacteria are 

filamentous and Gram-negative. No Clostridium 

sp. bacteria are seen in special stains. 

  

Contributor’s Morphologic Diagnosis:  

1. Serous atrophy of fat, severe, diffuse.  

 

2. Necrotizing hepatitis, severe, subacute, locally 

extensive, with intralesional filamentous Gram-

negative bacteria. 

 

Contributor’s Comment:  
Fusobacterium necrophorum is a common 

opportunistic pathogen familiar to diagnostic 

pathologists from its involvement in footrot in 

cattle, interdigital dermatitis in sheep, calf 

diphtheria, necrotic rhinitis of pigs, and hepatic 

necrosis in feedlot cattle fed a ‘hot’ carbohydrate-

rich ration. Necrobacillosis is recurrent among 

free-ranging elk on Wyoming’s winter 

feedgrounds.1 Typically it affects juveniles, 

which develop a combination of digital and 

internal lesions. Digital skin and the mouth are 

presumed portals of entry. The association with 

crowding elk on winter feedgrounds (in Jackson 

Hole, WY) was made in the late 1920s by 

pioneering elk biologist Olaus Murie.2 The 

cumulative death toll on the feedground in late 

winter 2014 was 80 elk, but in some years it can 

be in the several 100s. Other ungulates, when 

stressed and crowded, are similarly susceptible. 

They include white-tailed deer (Odocoileus 

virginianus), mule deer (Odocoileus hemionus), 

pronghorn (Antilocapra americana), wild and 

semi-domesticated tundra reindeer (Rangifer 

tarandus tarandus), and wisent (Bison 

bonasus);3,4 Wobeser et al’s paper has excellent 

illustrations of the lesions.4 A memorably 

catastrophic episode involved pronghorn trapped 

in Wyoming and, for their sins, sent to Texas.5 

The overall pattern of losses in elk was typical of 

necrobacillosis. Elk calves became sick in part 

due to the wet weather. F. necrophorum is a 

normal inhabitant of the gastrointestinal system 

and is present in feces. It thrives in wet anaerobic 

environments. Multiple freeze/thaw cycles 

resulted in crusting of snow with sharp, jagged ice 

and mud. Such conditions predispose to digital 

Figure 2-1. Bone marrow, liver, elk: At subgross 
magnification, the section of bone marrow lacks distinct 
lobules of adipocytes and marrow elements.  A large area 
of necrosis comprises approximately 33% of the section.  
(HE, 5X) 
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dermatitis in elk. Extension to liver is a common 

sequel, resulting in death. Calves and yearlings 

are typically most susceptible, but adults can be 

affected.  

Trueperella pyogenes was also cultured from 

liver. This is a common concurrent synergistic 

infection in necrobacillosis. T. pyogenes supplies 

a heat-labile factor which stimulates replication 

of F. necrophorum. Returning the favor, F. 

necrophorum produces a leukotoxin which aids 

survival of T. pyogenes.  

There is no vaccine for the disease in wildlife, at 

least in the United States, partly due to the modest 

immunological response. Control is by avoiding 

concentration of animals in environments heavily 

contaminated with feces; preventing cutaneous or 

oral lacerations; reducing stress; and avoiding 

feeding practices that promote oral lesions or 

ruminal acidosis. 

Contributing Institution: 

Wyoming State Veterinary Laboratory – 

http://www.uwyo.edu/wyovet/  

JPC Diagnosis:  
1. Liver: Hepatitis, necrotizing, focally extensive, 

severe, with filamentous bacteria. 

2. Bone marrow: Serous atrophy of fat, diffuse, 

severe with filamentous bacteria. 

JPC Comment:  

The contributor provides an excellent review of 

Fusobacterium necrophorum's pathogenesis in 

elk and in addition to other domestic and wildlife 

species. 

F. necrophorum is an aerotolerant-to-anaerobic, 

non-motile, non-spore forming, pleomorphic, 

Gram-negative bacterium that tends to form 

filaments. The organism is a normal inhabitant of 

the mammalian gastrointestinal tract, particularly 

within the rumen, and fecal contamination 

contributes to the pathogen's distribution and 

concentration in the environment.1,6 Unable to 

penetrate healthy epithelium, the organism 

requires a breach in the epidermal barrier in 

Figure 2-2. Liver, elk.  There is diffuse lytic necrosis of hepatic parenchyma (top), a transitional zone of hepatocellular 
degeneration and necrosis with infiltration of numerous neutrophils and fewer macrophages (middle), and normal hepatic 
parenchyma (bottom). (HE, 96X)   
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addition to an anaerobic environment to establish 

infection. Trauma, ischemia, parasitic and viral 

infections are common predisposing factors.1  

 

Multiple virulence factors contribute to the 

pathogenicity of F. necrophorum, including a 

potent leukotoxin, high levels of endotoxin, 

hemagglutinin, and a collagenolytic cell wall 

component responsible for dermotoxic activity. 

Once established in tissue, F. necrophorum 

proliferates and causes extensive coagulative 

necrosis linked to vasculitis, thrombosis, and 

ischemia, likely induced by these potent toxins.1,6 

As mentioned by the contributor, concurrent 

bacterial infections are facilitated by F. 

necrophorum's leukotoxin, which induces 

apoptosis of ruminant leukocytes. Pathogens such 

as Truperella pyogenes and Staphylococcus 

aureus lower the oxygen tension and redox 

potential of the tissue, resulting in a synergistic 

infection.1  

 

Hepatic necrobacillosis is commonly reported in 

cattle as the result of ruminal acidosis followed 

by primary infection of F. necrophorum within 

the rumen wall and subsequent portal spread. In 

domestic ruminants, digital necrobacillosis does 

not commonly result in a septicemia and pedal 

lesions and are often restricted to one foot.7  

 

One study following an outbreak of digital 

necrobacillosis in a herd of wild Norwegian 

reindeer found most lesions were localized to a 

single foot, similar to as described in cattle.6 

Significant pain is associated with this disease 

and lesions are often severe and chronic. Affected 

animals are therefore more likely to suffer from 

poor nutrition, as seen in this case (serous atrophy 

of fat), and/or predation.6 However, another study 

of 40 wild-caught pronghorns with either primary 

pododermatitis or necrotic stomatitis caused by 

F. necrophorum progressed to produce fatal 

septicemia with metastatic lesions found in the 

forestomachs, lung, liver, and cecum in 38 

animals.7   

 

During the 1800s and early 1900s, digital 

necrobacillosis was the most serious problem 

seen in Norwegian reindeer and was linked to 

intensive herding practices. High numbers of 

animals were regularly restricted to small, 

muddy, and feces-contaminated areas for milking 

and other activities that ultimately resulted in 

favorable conditions for transmission. The 

disease has more or less disappeared from 

reindeer herds since more extensive hearing 

practices have been adopted, although outbreaks 

continue to be reported wild Norwegian 

reindeer.6 
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Vet Diagn Invest. 2020;32(2):339-343. 

2. Kreeger TJ, Cornish T, Creekmore TE, 

Edwards WH, Tate C. Foot rot. In: Field 

Guide to Diseases of Wyoming Wildlife, 

pp. 117-119. Wyoming Game and Fish 

Department. Cheyenne, WY: 2011. 

3. Murie, OJ. An epizootic disease of elk. J. 

Mammal. 1930;1:214-222 

4. Wobeser G, Runge W, Noble D. 

Necrobacillosis in deer and pronghorn 

Figure 2-3. Liver, elk.  Scattered throughout thearea of 
necrosis, are small aggregates gram-negative filamentous 
bacilli consistent with Fusobacterium necrophorum.  
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Figure 2-4. Bone marrow, elk.  There is diffuse severe 
serous atrophy of fat with markedly decreased marrow 
elements.  (HE, 120X). 
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CASE III: 17-145 (JPC 4117030-00) 

 

 

Signalment:  
2.5-year-old Hereford heifer, Bos taurus. 
 

History:  
42 of 187 grazing beef cattle died between June 

28 and July 2017 in a farm in Florida department, 

Uruguay. Morbidity rate was 22.9%, mortality 

22.5% and lethality 97.7% (the farmer indicated 

that one affected cow recovered). The herd had 

42 cows, 70 2.5-year-old heifers, and 75 yearlings 

(heifers and steers). At the end of the outbreak 

dead animals included 3 cows (7.1%), 11 heifers 

(15.7%) and 28 yearlings (37.3%). Clinical signs 

included stupor or aggressiveness and drooling. 

The animals were found dead or died after a 

clinical course of up to three days. Numerous 

groups of insect larvae identified as Perreyia 

flavipes (sawfly) were found in the pasture.   

 

Gross Pathology:  

Hepatic changes included diffuse enhanced 

lobular pattern with yellowish edema expanding 

the gall bladder wall. Other necropsy findings 

were abdominal and pericardial effusion and 

petechiae and ecchymoses in the pericardium, 

peritoneum and pleura. Diffuse hemorrhages 

were observed on the capsular surface of the 

spleen. The omasal content was dry. Body 

fragments and heads of Perreyia sp. larvae were 

found in the content of the rumen and omasum. 

 

Laboratory results:  

Not applicable. 

 

Microscopic Description: 

Liver: subgrossly, there is diffuse enhancement 

of the lobular pattern, the lobular 

histoarchitecture is effaced and hepatic lobules 

are collapsed. There is necrosis and loss of 

hepatocytes in the centrilobular and midzonal 

areas, and replacement by abundant extravasated 

erythrocytes (hemorrhage). Remaining 

hepatocytes are either rounded, swollen and 

detached from the hepatic cords, or have angular 

borders, pyknotic nucleus and shrunken 

hypereosinophilic cytoplasm (necrosis). In the 

periportal areas, remaining viable hepatocytes are 

swollen and vacuolated (hydropic and lipid 

degeneration), and there are occasional bi- or 

multi-nucleated hepatocytes (regeneration). 

There are increased numbers of histiocytes and 

neutrophils in the sinusoids, and Kupffer cell 

hypertrophy and hyperplasia. There is mild bile 

duct hyperplasia, and portal tracts are 

multifocally infiltrated by inflammatory cells, 

including histiocytes, lymphocytes, fewer 

neutrophils and eosinophils, and expanded by 

mature collagen bundles (fibrosis); similar 

changes extend to the hepatic capsule in some 

sections (not included in all slides). 

Contributor’s Morphologic Diagnosis:  

1. Liver: severe diffuse acute centrilobular and 

midzonal hepatocellular degeneration, necrosis, 

loss and hemorrhage, Bos taurus. 

 

Figure 3-1.  Liver, ox.  At subgross magnification, there is a 

retiform pattern of lobular hemorrhage present diffusely 

throughout the section. (HE, 5X) 
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2. Liver: mild portal fibrosis and bile duct 

hyperplasia, with lymphohistiocytic portal 

hepatitis, Bos taurus.  

 

Contributor’s Comment:  

The diagnosis of Parreyia flavipes intoxication in 

this outbreak was based on the observation of 

severe acute centrilobular necrosis, the presence 

of large amounts of Perreyia flavipes larvae in the 

pasture, and the presence of Hymenoptera 

(sawfly) larval body fragments and heads in the 

contents of the forestomachs of the necropsied 

cattle. No hepatotoxic plants were found in the 

pasture. Speciation of different Parreyia spp. 

under field conditions is challenging, because of 

the lack of dichotomous keys for species 

identification. Identification of adult specimens is 

necessary to confirm the sawfly species. 

However, based on the regional literature, we 

speculate that the species involved in the 

outbreak was Perreyia flavipes.4  

It is worth mentioning that there is evidence of 

chronic damage in the submitted sections of liver, 

including portal fibrosis, mild bile duct 

hyperplasia and portal hepatitis. We interpreted 

these as incidental pre-existing lesions, which has 

no direct relationship with the acute hepatotoxic 

condition associated with the death. Probably 

these chronic lesions could represent sequelae of 

ingestion of sublethal amounts of pyrrolizidine 

alkaloids, contained in some plants such as 

Senecio spp., or hepatic fascioliasis, which are 

well documented causes of chronic liver damage 

in the geographical area where the outbreak 

occurred.2,11 

 

The consumption of larvae of insects in the order 

Hymenoptera ("sawfly"), should be considered as 

a differential diagnosis in cases of acute 

hepatotoxicity in cattle, sheep and pigs.2 For more 

than half a century cases of sawfly intoxication 

have been described in different parts of the 

world. In Australia, the intoxication is a 

consequence of the consumption of Lophyrotoma 

interrupta (family: Pergidae). The outbreaks are 

limited to areas with large forests of Eucalyptus 

melanophloia, host tree of the larva.7 In Denmark 

sawfly poisoning is reported in sheep due to the 

consumption of Arge pullata (family: Argidae), 

on pastures in birch forests (Betula pendula).16 In 

Brazil (states of Rio Grande do Sul and Santa 

Catarina), outbreaks had been reported in pigs, 

sheep and cattle, due to the consumption of larvae 

of Perreyia lepida (family: Pergidae), 

colloquially known as "mata porco".12,13,15 In 

Uruguay, Dutra et al. (1997) described naturally-

occurring cases associated with the ingestion of 

Perreyia flavipes, including epidemiological 

aspects, clinical signs and pathology. In addition, 

the author reproduced the poisoning 

experimentally in sheep and calves and described 

some aspects of the biology of the adult insect.4,5  

Since the discovery of the toxic effect of sawfly 

larvae, additional information has been generated 

about the biology of these insects. Adults of P. 

flavipes are wasps with a short life-span (<72 h), 

emerging in February/March.5,14 They are easily 

differentiated from other Perreyia species due to 

morphological characteristics: bright orange leg 

parts and 13–15 antennal articles.8 The adults do 

not feed. Females have little activity and fly only 

short distances, usually staying on the top of 

grasses or trying to reach an elevated position. 

Eggs are laid in the soil in clusters of 100–700. 

Eggs are oblong and yellowish-white, although 

once inseminated develop a blackish-yellow 

color.5 The incubation period is limited to 4–8 

weeks, larvae start to hatch in March/April (late 

summer and early autumn in the Southern 

hemisphere), and develop through the autumn 

and winter.14 During the winter season, from June 

to September, aggregates of P. flavipes larvae are 

commonly found in open grasslands, forming an 

orderly moving column of approximately 100 

individuals, particularly after rainfalls and on 

Figure 3-2.  Liver, ox.  There is loss of hepatocytes within 
the central and midzonal areas of the lobule with 
replacement by acute hemorrhage.  Remaining periportal 
hepatocytes are swollen by an accumulation of numerous 
cytoplasmic lipid droplets. (HE, 192X) 
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cloudy days. Occasionally, large numbers of 

these insect masses are seen moving around the 

ground, while other days very few or no groups 

are found.4  

The sawfly toxin responsible for deaths of 

livestock had been at first reported as a 

hepatotoxic octopeptide containing 4 D-

aminoacids, called lophyrotomine. This 

compound has been isolated from larvae of L. 

interrupta and A. pullata at concentrations of up 

to 0.07% of the dry matter, with a lethal dose 50 

(LD50) of 2 mg/kg by intraperitoneal injection in 

mice.9 Subsequently, a closely related 

octapeptide (LGlu) and 3 heptapeptides were 

discovered in other sawfly species: pergidin 

(Perg), 4 valinepergidin (VPerg), and 

dephosphorylated pergidin (dpPerg).4,10 The 

heptapeptides contain 5 D-amino acids, and Perg 

and VPerg also contain phosphoserine. These 

compounds are highly toxic for vertebrates and 

have been detected and quantified in 4 sawfly 

species: L. interrupta, L. zonalis, P. flavipes 

(Pergidae), and Arge pullata (Argidae).6,10 The 

main toxin in P. flavipes is pergidin, a 

heptapeptide containing a phosphoseryl residue, 

although small amounts of lophyrotomin are also 

present.1,9 All these sawfly species can be found 

in large masses in the field, which facilitated the 

investigation and detection of the toxins. Recent 

studies, using a new extraction procedure that 

allowed testing single larvae by liquid 

chromatography–mass spectrometry (LC-MS) 

analyses, also identified the toxins in related but 

nonpullulating sawfly species. The study found 

deviations from the published species-specific 

chemical profiles in 3 of 4 Hymenoptera species.1 

The authors concluded that intraspecific variation 

in the peptides analyzed, but also the methods 

used for chemical extractions and analyses, are 

possible explanations for these differing results.1   

 

Contributing Institution: 

“Plataforma de Investigación en Salud Animal, 

Instituto Nacional de Investigación 

Agropecuaria” (INIA), La Estanzuela, Uruguay.  

 

JPC Diagnosis:  
Liver: Necrosis, centrilobular and midzonal, 

diffuse, with hemorrhage. 

 

JPC Comment: 

The contributor provides an excellent and 

interesting review of sawfly larva toxicity, a 

condition that affects cattle and small ruminants 

in various geographic locations, including 

Australia, Denmark, and South America.2 A 

similar 2012 WSC case was presented in 

conference 15, case 1. 

 

The first reliable report of sawfly toxicity in cattle 

was in the Maranoa district of Queensland, 

Australia in 1911, although the first suspected 

poisoning was reported in 1887, approximately 

two decades after cattle were introduced to the 

region. A 1982 survey of farms within the same 

region found the estimated annual cost to graziers 

to be the equivalent of $3.2 million US dollars 

when adjusted for inflation and current exchange 

rates.3  

 

Participants discussed patterns of zonal necrosis, 

including centrilobular (zone 3), midzonal (zone 

2), periportal (zone 1), and massive (entire 

lobule).2 Direct acting toxins typically cause 

periportal necrosis due to these hepatocytes being 

the first exposed.  Meanwhile, centrilobular 

necrosis (in cases of toxicity) occurs due to the 

biotransformation of xenobiotics into toxic 

intermediates as the result of hepatocytes in this 

region having the highest concentration of 

cytochrome P450 enzymes.  The moderator 

provided the following table of agents associated 

with acute hepatotoxicity in cattle: 

 

 

 

 

Figure 3-3. Liver, ox.  Higher magnification of necrotic 

centrilobular and midzonal hepatocytes and degenerating, 

lipid-filled periportal hepatocytes. (HE, 387X). 
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Name Toxic Principle 

Blue-green algae Microcystin-LR  

Mushrooms: Amanita, 

Phalloides and others 
Amatoxins 

Cycads (Zamia sp.)Cycads 

(Zamia sp.) 
Methylazoxymethanol 

Solanacae (Cestrum sp.) Atractyloside 

Compositae (Xanthium-

cockleburr) 
Carboxyatractyloside 

Ulmaceae (Trema sp.-

Poison peach) 
Trematoxin 

Myoporacae (Myoporum) Ngaione (periportal) 

Iron   

Sawfly larvae 

(Lophyrotoma sp.) 
Lophyrotomin/pergidin 

  

Prior to death, clinical signs consistent with liver 

failure caused by a severe necrotizing 

hepatopathy may be observed and include acute 

hepatic encephalopathy, hemorrhage, jaundice, 

and photosensitization. Acute hepatic 

encephalopathy occurs due to increased plasma 

ammonia levels and hypoglycemia, manifesting 

as weakness, depression, and stupor, although 

some animals may become highly excited and 

demonstrate aggressive behavior as observed in 

this affected herd. Widespread hemorrhage has 

been reported to be variably prominent in field 

cases; however, studies of experimentally 

infected calves have found increased 

prothrombin and activated thromboplastin times 

and reduced fibrinogen concentrations. Jaundice 

and photosensitization are rarely observed due to 

the short course of the disease.4  

 

There is bridging portal fibrosis and biliary 

hyperplasia within the section, as noted by the 

contributor.  The significance of this finding was 

discussed amongst participants with consensus 

that the lesion is likely pre-existing and unrelated 

to sawfly larvae ingestion.  

 

Finally, there was spirited discussion amongst 

participants in regard to use of the word "diffuse" 

in the morphologic diagnosis due to risk of 

confusion with massive necrosis, which was not 

seen in this case.  Massive necrosis refers to 

necrosis of an entire hepatic lobule, not necessary 

the liver as a whole.2 Therefore, when describing 

zonal necrosis, one should strive to avoid such 

confusion by including a zonal distribution 

modifier in addition to the overall distribution 

within the examined section.  
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CASE IV: N17-459 (JPC 4142728-00)  

 

Signalment:  
4-year-old, spayed-female, mixed breed dog 

(Canis familiaris). 

 

History:  
This dog presented for a history of perineal 

lesions. The tail was amputated by the referring 

veterinarian, after which Lagenidium sp. 

infection was confirmed via PCR. MRI revealed 

sublumbar lymphadenopathy and regional soft 

tissue involvement. The patient became fecally 

incontinent. On presentation to the University of 

Florida, there was thickening of the rectal wall 

and pain on rectal palpation. There was an initial 

dramatic reduction of the lesion size with therapy. 

However, lesions returned and worsened, with 

necrosis of perineal tissue. Euthanasia was 

elected. 

 

 

 

Figure 4-1.  Presentation, dog. Dorsal to the rectum there 
is a broadly ulcerated to deeply cavitated, 6.5x5.5 cm 
defect lined by pale tan to tan, soft to firm, irregular tissue 
that extends deep into the underlying subcutaneous tissue 
and connects with the dorsal pelvic canal.   (Photo courtesy 
of: University of Florida, College of Veterinary Medicine, 
Veterinary Diagnostic Laboratory, P.O. Box 100123, 
Gainesville, FL 32610,  http://labs.vetmed.ufl.edu) 
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Gross Pathology:  

There is moderate, diffuse expansion of the 

subcutis of the left hind limb with yellow, 

gelatinous material (edema), with the proximal 

limb to hock region twice the circumference of 

the contralateral limb. There is a 12x5x3 cm 

nodule within the left inguinal region that is 

centrally cavitated and contains brown-green, 

watery to gelatinous material. The surrounding 

tissue is brown to purple, firm and irregular, and 

approximately 3 mm to 1 cm thick. Dorsal to the 

rectum there is a broadly ulcerated to deeply 

cavitated, 6.5x5.5 cm defect lined by pale tan to 

tan, soft to firm, irregular tissue that extends deep 

into the underlying subcutaneous tissue and 

connects with the dorsal pelvic canal. Adjacent to 

the rectum and attached to the rectal wall there 

are three pale tan, soft to firm, nodular to 

confluent masses measuring up to 7x3x3 cm 

within the pelvic canal as described above. On cut 

section these nodules are solid and mottled pale 

tan to tan with a granular appearance. 

Laboratory results:  

PCR via the RDVM 

detected Laginidium 

sp. DNA. 

Microscopic 

Description: 

Within the dermis and 

subcutis of the 

perineum, there is a 

multinodular to 

confluent inflammatory 

infiltrate with a large 

tract lined by inflamed 

granulation tissue. The 

epidermis adjacent to 

the tract is ulcerated. A 

similar inflammatory 

infiltrate is present in 

the perianal dermis 

and subcutis and anal 

skeletal muscle, 

mesorectum/mesocolon and rectal muscularis, 

with minimal extension into the anorectal 

submucosa. A similar inflammatory infiltrate 

effaces about half of a small lymph node in the 

mesorectum/mesocolon. A tract is also present in 

the perianal tissue, with much of the tract lined by 

fibrin with enmeshed cellular debris and 

neutrophils. In one area of the tract, the defect is 

lined by stratified squamous epithelium. The 

inflammatory infiltrate is composed primarily of 

macrophages and multinucleated giant cells with 

fewer lymphocytes, plasma cells and sometimes 

few to low numbers of neutrophils and/or 

eosinophils. Within the inflammatory infiltrate, 

and often within the cytoplasm of multinucleated 

giant cells, there are large numbers of 

approximately 4-12 µm diameter septate, 

branching hyphae with non-parallel walls. 

Vessels within the inflammatory infiltrate 

sometimes to often exhibit fibrinoid necrosis, 

contain cell debris and/or inflammatory cells 

within the vessel walls, recanalization, and/or 

contain fibrin thrombi. There are multifocal 

Figure 4-2. Rectum, anus, perianal tissue, dog.  A large inflammatory mass containing rectum (top 
left), anus (top middle) and perianal tissue is submitted for examination.  The inflammatory mass 
encompasses the submucosa of the rectum and adjacent tissues, and extends to effaces tissues 
deep to the anus and perianal skin.   (HE, 32X) 

 



14 
 

variably sized areas of necrosis within the 

inflammatory infiltrate, often adjacent to vessels 

with vasculitis or fibrinoid necrosis. There are 

occasional small areas of necrosis central within 

nodular granulomatous infiltrates. 

Contributor’s Morphologic Diagnoses:  

Cellulitis, perianal/perineal dermatitis, 

anoproctitis, and lymphadenitis, granulomatous 

to pyogranulomatous to eosinophilic and 

granulomatous, chronic, locally extensive, 

severe, with intralesional hyphae 

Contributor’s Comment:  

Lagenidium is one of a number of pathogenic 

oomycetes, with several species infecting 

mammals, insects, and nematodes, with the 

prevalence of Lagenidium infections in mammals 

increasing over the last several years.8 

Lagenidium giganticum was also approved for 

several years as a biological control agent for 

mosquitoes; subsequent studies have found 

significant molecular similarities between 

mammalian Lagenidium strains and those 

approved for mosquito control9, although 

biocontrol strains did not grow well at 37˚C.  

 

Oomycetes are aquatic dimorphic water molds, 

and include the genera Lagenidium and Pythium, 

as well as a number of significant plant 

pathogens, such as Phytophthora infestans, the 

organism that caused the Irish potato famine in 

the mid 19th century.1 Pythium causes two 

syndromes; the first is cutaneous, which is more 

common in horses and produces spongy masses 

that ulcerate and become necrotic5, while the 

second is gastrointestinal. Hyphae are GMS-

positive but PAS-negative, as they do not produce 

chitin. 

Lagenidium produces similar lesions and has a 

similar geographic distribution, which makes 

differentiation of pythiosis and lagenidiosis 

difficult. However, unlike the fairly wide host 

range of Pythium, Lagenidium appears to be only 

a pathogen of dogs. Lesions tend to be on the 

 Figure 4-3.   Perirectal soft tissue, dog.  The tissue is effaced by a disorganized mass of innumerable epithelioid macrophages, 
multinucleated giant cell macrophages, lymphocytes, plasma cells and fewer neutrophils.  Within the cytoplasm, there are 
numerous cross sections of fungal hyphae (arrows), measuring up to 8um in diameter. (HE, 400X) 
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limbs, mammary, and inguinal areas5, with spread 

to regional lymph nodes. Lagenidium also has a 

predisposition for invasion of great vessels, with 

one study finding 70% of cases had vascular 

invasion.3 Histologic lesions typically are 

pyogranulomatous with significant numbers of 

eosinophils.  

Treatment of these cases is difficult, and typically 

consists of surgical resection, chemotherapy, and 

supportive care.7 Prognosis is guarded and 

medical therapy is difficult, as one of the main 

antimycotic targets, ergosterol, is missing in 

oomycetes.2 

 

Contributing Institution:  
University of Florida  

College of Veterinary Medicine 

Veterinary Diagnostic Laboratory 

P.O. Box 100123 

Gainesville, FL 32610 http://labs.vetmed.ufl.edu 

 

JPC Diagnosis:  
Rectum, anus, perianal tissue: Perianal dermatitis 

and cellulitis, granulomatous, chronic, focally 

extensive, severe, with numerous intra- and 

extracellular hyphae. 

JPC Comment:  

The contributor provides an excellent review of 

both of pythiosis and lagenidiosis. 

 

Both agents share similar clinical signs and 

characteristics within cytologic and histologic 

sections, including large diameter, non-parallel, 

rarely septate hyphae associated with 

eosinophilic granulomatous to pyogranulomatous 

inflammation.6 Although PCR assay or ribosomal 

DNA sequencing should be used for definitive 

differentiation, an important histologic feature 

that may help to differentiate lagenidiosis from 

pythiosis is hyphal diameter in tissue.  Lagenidum 

spp. is typically larger and more variable (7 to 25 

μm) compared to P. insidiosum (2 to 7 μm). This 

feature is repeatable when cultured, with 

Lagenidium sp. (25 to 40 μm) compared to 

Pythium sp. (4 to 10 μm).6  

 

Participants discussed an additional differential 

diagnosis of mucormycosis (formerly known as 

zygomycosis), caused by etiologies within the 

order Mucorales such as Rhizipus, Mucor, 

Lichtheima (Absidia), and Saksenaea.  As with 

Pythium and Lagenidium¸ these etiologies are 

histologically indistinguishable and definitive 

identification requires culture, PCR, or 

immunohistochemistry.5  

 

Lagenidium giganteum's transient historical use 

as a biopesticide for mosquito control stems from 

the ability of its biflagellate zoospores to 

selectively attach and penetrate the cuticle of 

mosquito larvae and proliferate within, killing the 

host in less than three days. Under ideal 

conditions the mycelia differentiate into asexual 

zoospores to amplify the initial infection but can 

also remain dormant for days to years until 

conditions again favor mosquito breeding and 

germination of spores. Recycling following a 

single application has been documented for up to 

8-10 years, which made its use as a biopesticide 

an attractive option.4  

 

L. giganteum was registered as a biologic control 

agent with the US Environmental Health 

Protection Agency in 1995 under the trade name 

Laginx, but was later deregistered at the 

manufacturer's request in 2011. A subsequent 

2013-2014 phylogenic study of 21 mammalian 

Figure 4-4.  Perirectal soft tissue, dog.  Numerous 
pauciseptate hyphae measuring up to 8um in diamtere are 
present within the cytoplasm of macrophages and 
multinucleated giant cell macrophages. (GMS, 400X) 
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Lagendium strains found 11 could not be 

differentiated from strains the US Environmental 

Protection Agency had approved for biological 

control of mosquitoes; these strains were later 

unregistered and are no longer available. 

Although the phylogenically indistinguishable 

biological control and mammalian strains both 

grew well at 25⁰C, only the mammalian strains 

grew well at 37⁰C.9  
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WSC 2021-2022 Self-assessment 

Conference 3  

1.  Which of the following vaccines is an oil-in-water vaccine that has been most commonly 

associated with spinal column granulomas? 

a. Tetanus 

b. BRSV 

c. Foot and mouth disease 

d. Clostridium perfringens  

 

2. A common portal in fatal cases of hepatic necrobacillosis in elk is: 

a. Respiratory inhalation 

b. Spread from digital skin lesions 

c. Otitis media 

d. Bladder infections 

 

3. Which of the following organisms commonly interacts with Fusobacterium necrophorum in 

visceral infections in ruminants ? 

a. Clostridium perfringens type D 

b. Trueperella pyogenes 

c. Histophilus somni 

d. Aspergillus fumigatus 

 

4. The center of the liver lobule corresponds to which of the following? 

a. Zone 1 

b. Zone 2 

c. Zone 3 

d. Zone 4 

 

5. Members of the genus Lagenidium have occasionally been employed as a control against what? 

a. Invasive species of water plants 

b. Mosquitoes 

c. Ticks 

d. Rabbits 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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Joint Pathology Center 
Veterinary Pathology Services 

 

      WEDNESDAY SLIDE CONFERENCE 2021-2022 

    C o n f e r e n c e 4         15 September 2021 
 

CASE I:  16855 (JPC 4157763)  
 
Signalment: 2-year-old, female, Montana 
Tropical, (Bos taurus), bovine 
 
History:  
Two of 341 animals presented with swelling 
of the nose and lips (hippo face) and chest 
edema. These animals were being fed in a 
native field. 
 
Gross Pathology: Inspection of the carcass 
revealed that no other organs except the head 
were involved. 
 
Grossly, on the dorsal surface of tongue there 
are raised firm nodules and plaques, between 
0.5 and 2 cm in diameter. Soft tissues of 
mandible especially pharyngo-laryngeal 
lymph nodes, salivary glands, lips, nostrils 
and tonsils were swelled and contained 
whitish nodules when incised.  
 
Laboratory results:  
Actinobacillus lignieresii were cultured. 
 
Microscopic Description: 
Histopathological examination of the skin 
and nasal soft tissues showed a thickened 
epidermis with scarring of the dermis and 
multiple pyogranulomas in the deep dermis. 

Within the lesions there were macrophages, 
epithelioid and multi-nucleated 
inflammatory giant cell and distinct rosettes 
of slender clubs with gram-negative 
coccobacilli at their center. 
 
Contributor’s Morphologic Diagnoses:  
Rhinitis pyogranulomatous, bovine 
 
Contributor’s Comment:   
Actinobacillosis is a sporadic infectious 
animal disease caused by the gram-negative 
bacilli Actinobacillus lignieresii. It is a 
common commensal inhabitant of the 
ruminant oral cavity. The bacteria can cause 
infection by invading adjacent soft tissues 
after the development of a penetrating 
wound.4 
The genus Actinobacillus has remained 
relatively obscure until recently. In part, this 

Figure 1-1: Nasal mucosa, ox.  A section of nasal mucosa 
is submitted for examination (mucosa at left). Within the 
submucosa, numerous inflammatory nodules with a 
brightly eosinophilic center are present. (HE, 5X) 
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must be due to their having been no 
recognized medical pathogen in the group to 
provoke research interest. The type species, 
A. lignieresii, has been recognized for many 
years as the cause of actinobacillosis in cattle 
and sheep. Latterly, the group has been 
growing with the recognition of A. action-
mycetemcomitans as a significant cause of 
periodontal disease and the transfer from 
Haemophilus of A. pleuropneumoniae, an 
economically significant cause of respiratory 
disease in the pig. Through intense research 
interest focused on these two species, a much 
improved understanding of the bacteria has 
been acquired.7 
 
The infection is characterized as a pyo-
granulomatous inflammation of the tongue, 
but also soft tissues as lymph nodes, other 
digestive tract localization and skin.5 In our 
case, the inflammation spreads to the lips, 
palate, nostrils and nasal cavity. Because of 
that, the animal face assumed the aspect 
called “hippopotamus face”. 
 
 

Contributing Institution:  
Regional Diagnostic Laboratory, Veterinary 
Faculty; Federal University of Pelotas. 
96010-900 Pelotas, RS, Brazil. 
https://wp.ufpel.edu.br/lrd/  
  
JPC Diagnosis:  
Nasal mucosa:  Rhinitis, pyogranulomatous, 
chronic, multifocal to coalescing, moderate, 
with Splendore-Hoeppli material 
 
JPC Comment:  
Actinobacillus lignieresii was first identified 
as a pathogen by Lignierès and Spitz in South 
America during the early 20th century. A 
member of the family Pasteurellaceae, A. 
lignieressii is a commensal inhabitant of the 
upper digestive tract of ruminants and 
sporadically causes disease in cattle, sheep, 
goats, and rarely in other species. The 
condition is commonly associated with 
coarse poor-quality feed which is thought to 
cause traumatic inoculation; however other 

Figure 1-2: Nasal mucosa, ox.  Higher magnification of the submucosa, which contains numerous often coalescing 
pyogranulomas centered on brightly eosinophilic Splendore-Hoeppli material. The overlying mucosa is normal.   (HE, 75X) 

https://wp.ufpel.edu.br/lrd/
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potential predisposing factors may include 
oral lesions secondary to viral infection, 
stress, and immunosuppression.1    
In cattle, sheep, and goats, pyogranulomas 
caused by A. lignieresii most commonly 
occur in the soft tissues of the head and oral 
cavity and less often in other locations such 
as the forestomaches, lungs, and skin.  
Tongue lesions occur most often in cattle, 
commonly at the lingual groove, whereas 
sheep tend to develop lesions in the 
cutaneous and soft tissues of the lips and 
cheeks.3 This is likely due to differences in 
food prehension between species, with cattle 
primarily using the tongue whereas small 
ruminants predominantly utilize the lips.  
Regardless of species, the lesion is 
characterized by chronic pyogranulomatous 
inflammation with marked fibrosis resulting 
in progressive interference of prehension and 
mastication of feed, eventually resulting in 
loss of condition and may ultimately result in 
starvation.3 When the tongue is involved, it 
often becomes enlarged, firm, immobile, and 
may protrude from the mouth, resulting in the 
term "wooden tongue". Involvement of other 

organs, generally the skin or lymph nodes has 
been regarded as "atypical" or cutaneous 
actinobacillosis.3 Draining lymph nodes, 
including the parotid, submandibular, and 
reropharyngeal lymph nodes may be 
involved, resulting in regional lymphadenitis.  
Severe cases may result in esophageal and 
airway compression, potentially resulting in 
dyspnea and/or ruminal tympany.3  
 
On cut surface, pyogranulomas are grossly 
visible as small, soft yellow or orange masses 
that often contain "sulfur" granules.1  Histo-
logically, these granules correspond "club 

Figure 1-4:  Nasal mucosa, ox.   There is diffuse fibrosis of 
the nasal mucosa which has infiltrated the underlying 
atrophic skeletal muscle.  (HE, 100X) 

 

Figure 1-3: Nasal mucosa, ox.  High magnification of pyogranulomas surrounding Splendore Hoeppli material.  The thick layer 
of epithelioid macrophages surrounds the necrotic neutrophils and aggregated antigen-antibody complexes.  (HE, 180X) 
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colonies" composed of gram negative 
coccobacilli surrounded by dense radiating 
eosinophilic club shaped Splendore-Hoeppli 
material.  Club colonies are then surrounded 
by neutrophils, macrophages, and multi-
nucleated giant cells.  The surrounding 
reactive fibrous stroma and/or granulation 
tissue is further expanded by lymphocytes 
and plasma cells.8   
 
Upon examination of previously described 
gross lesions, Actinomyces bovis should be 
considered as a leading differential diagnosis, 
although Nocardia sp., and tuberculosis 
should also be considered.  A. bovis is a gram 
positive, non-acid fast filamentous bacterium 
that frequently forms sulfur granules.  
Although this pathogen is typically 
associated with chronic osteomyelitis 
("lumpy jaw" or actinomycosis), it may 
involve soft tissues.1  Nocardia sp. is also a 
gram positive filamentous bacteria, but in 
contrast to A. bovis, Nocardia sp. are variably 
acid-fast and not typically associated with 
formation of sulfur granules.  In Argentina, 
14% of the lesions diagnosed macro-
scopically as tuberculosis by meat inspectors 
at slaughterhouses were actually actino-
bacillosis or actinomycosis.  Therefore, 
actinobacillosis should be considered as 
differential in the diagnosis of tuberculosis 
and the importance of pursuing histologic 
and microbiologic examinations of 
compatible gross lesions for pathologic and 
etiologic confirmation.1  
 
The moderator discussed use of the 
mnemonic "YAACSS-NT" (or "SSTAACY-
N") as a memory aid when developing a 
differential diagnosis for genera commonly 
associated with the formation of large 
colonies.  These genera include Yersinia, 
Actinomyces, Actinobacillus, Coryne-
bacterium, Streptococcus, Staphylococcus, 
Trueperella, and occasionally Nocardia.  It is 

important to state this list is not all-inclusive 
and other genera may also form colonies. 
 
Many participants were unaware of the term 
"hippo face", a term which has been used in 
a scientific paper to describe the clinical 
manifestation of diffuse lesions affecting on 
the lips, palate, pharynx, nasal pits and face, 
which result in a unique "hippopotamus-like" 
appearance, much in the same manner as 
"wooden tongue".10  A similar lesion caused 
by Mannheimia granulomatis has been 
described affecting the muzzles of white-
tailed deer and mule deer.5              
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CASE II:  401-20 (JPC 4154112)   
 
Signalment:  
A 4-month old, neutered male, British 
Shorthair cat (Felis catus) 
 
History:  
The cat was adopted two weeks prior to 
presentation and kept mostly indoors. The 
owner reported a sudden onset of intermittent 
unsteady gait, polydipsia and polyuria. 

Subsequently the cat had seizures. The 
animal was euthanized given a poor response 
to treatment.  
 
Gross Pathology:  
Both kidneys were slightly enlarged with cut 
surface bulging out.  
 
Laboratory results:  
Serum biochemistry revealed; 

- Moderate azotaemia: creatinine: 330 
µmol/L (ref 53-141 µmol/L), urea: 
21mmol/L (ref 5.7-11.8 mmol) 

- Increased liver enzymes: ALT: 469 
U/L (ref 12-115 U/L), AST 161 U/L 
(ref: 0-32 U/L) 

- Inadequate USG: 1.015 (ref 1.035-
1.060) 

- Severe metabolic acidosis: low blood 
HCO3 9.2 mmol/L (ref 22.0-24.0 
mmol/L) 

 
Microscopic Description: 
Brain: Multifocally throughout the brain but 
most pronounced in the rostral cerebral 
cortex and the cerebellum, the walls of small-
caliber blood vessels contain deposits of 
birefringent, transparent to slightly baso-
philic crystals at times arranged in sheaves, 
prisms and rosettes when illuminated with 
linearly polarized light (consistent with 

Figure 2-1:  Kidney and brain, cat: A section of kidney and 
cerebrum are submitted for examination.  There are 
several small subcapsular renal cysts, but no other 
discernable lesion at subgross magnification.  (HE, 5X) 

Figure 2-2: Kidney, cat: Diffusely, numerous tubules 
contain prismatic crystals within their lumina.  (HE, 100X) 
(Photo courtesy of:  Faculty of Veterinary and Agricultural 
Sciences, The University of Melbourne, 250 Princes 
Highway, Werribee Vic 3030, https://www.u-
vet.com.au/) 

 

about:blank
about:blank


6 
 

calcium oxalate crystals). Multifocally 
perivascular spaces (Virchow-Robin space) 
are mildly expanded and sometimes the 
affected vessels are lined by a swollen 
endothelium. Within the cerebellum there are 
also perivascular accumulations of small 
numbers of lymphocytes. 
 
Kidney: Multifocally, proximal tubules are 
ectatic and often lined by degenerate and/or 
necrotic epithelium characterized by loss of 
cellular details with hypereosinophilia and 
pyknosis. The lumen of tubules often bears 
eosinophilic flocculent to hyalinzied (casts). 
Frequently within proximal tubular lumina 
and randomly in medullary tubules are 
deposits of birefringent, transparent to 
slightly basophilic crystals arranged in 
sheaves, prisms and rosettes when 
illuminated with linearly polarized light. 
Within the inters-titium there are also 
multifocal aggregates of neutrophils and 
lymphocytes. 
 
Contributor’s Morphologic Diagnoses:  
Brain:  Mild to moderate, multifocal, acute, 
crystal-induced vasculopathy  
 
Kidney:  Severe, multifocal, acute, 
tubular degeneration and necrosis with 
abundant intratubular calcium oxalate 
crystals and mild, multifocal, subacute 
interstitial nephritis. 

 
Contributor’s Comment:   
Ethylene glycol (EG) is a colorless, odorless, 
slightly viscous dihydride alcohol with a 
sweet taste. It is an active constituent in 
automotive antifreeze solutions.5 EG is 
highly toxic to human and animals and 
incidents of EG toxicity have been reported 
mainly via ingestion. 1,5,7 Once ingested EG 
is rapidly absorbed by the gastrointestinal 
system and hematogenously distributed to 
different tissues.5 EG metabolism begins 
with gastric mucosal alcohol dehydrogenase 
and occurs primarily in the liver through 
serial oxidation by alcohol dehydrogenase 
and aldehyde dehydrogenase. 5 EG is 
considered to be two to five times more 
acutely toxic to humans and cats than to other 
animal species on a body weight basis. 1,5 
 
Ethylene glycol and its toxic metabolites 
including glycolic acid and oxalic acid play a 
deleterious role at the cellular level and 
predominantly involves the central nervous, 
cardiopulmonary and renal systems. During 
first 12 hours after acute oral exposure EG is 
progressively and rapidly metabolized 
resulting in accumulation of glycolic acids in 
blood manifesting severe anion gap 
metabolic acidosis.1,5,7  Within 24 to 72 hours 
there may be evidence of precipitation of 
calcium oxalate crystals in target tissues 

Figure 2-3:   Kidney, cat: Polarized light demonstrate the 
extent of crystals within tubules.  (HE, 100X) (Photo 
courtesy of:  Faculty of Veterinary and Agricultural 
Sciences, The University of Melbourne, 250 Princes 
Highway, Werribee Vic 3030, https://www.u-
vet.com.au/) 

 

Figure 2-4: Kidney, cat: Calcium oxalate crystals often 
result in tubulorrhexis, resulting in incipient interstitial 
fibrosis and inflammation.  (HE, 400X)  
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including kidneys, brain, heart and lungs. 3,5 
Deposition of oxalic acids as calcium oxalate 
may also predispose to hypocalcemia. Thus, 
multisystemic toxicity is considered to be 
mostly due to metabolites which are highly 
toxic compared to their parent compound. 
 
The mechanism of acute EG toxicity on the 
central nervous system is not well described.  
The direct effect of EG on acute exposure is 
high glycolate concentration along with 
crystalline deposits of calcium oxalate in 
blood vessels in the brain. These have been 
correlated with depressed activity of central 
nervous system. 1,2,3,5 Human studies have 
demonstrated that the deep grey matter nuclei 
of the basal ganglia, being metabolically 
more active than the remaining brain 
parenchyma are affected first by these 
metabolites, as well as by the associated 
hypoxia and acidosis.5,6 The deposition of 
calcium oxalate crystals within the vas-
culature is likely to produce further edema 
and damage to the deep grey matter nuclei 
and adjacent white matter.3,6 To this end, in 
the present case deposits of oxalate crystals 
are more pronounced in rostral cerebral 
cortex and cerebellum and basal ganglia and 
adjacent white matter appear to be 
unaffected. 
 

Renal damage due to EG toxicity is 
correlated with acid metabolites of ethylene 
glycol, which can cause acute tubular 
necrosis, primarily of the proximal tubules. 
Deposition of calcium oxalate crystals, also 
primarily in proximal tubule epithelium, 
contributes to the renal parenchymal 
toxicity.5 During acute EG toxicity kidneys 
may be enlarged with sharper cortico-
medullary demarcations with histologically 
pathognomonic calcium oxalate crystals 
predominantly in proximal tubules.1,7 Rarely 
deposition of calcium oxalate in the kidneys 
secondary to hyperoxaluria can be due to a 
mutation in the alanine: glyoxylate 
aminotransferase (AGT ) gene or in the 
glyoxylate reductase (GRHPR ) gene. The 
latter is described as an inherited disease in 
cats but polymerase chain reaction (PCR) 
failed to detect such a mutation in this case.4 
Ethylene glycol toxicity is suspected here 
with a suspicion that a disgruntled ex-partner 
of the owner may have been the source, but 
this is entirely speculative. 
 
Contributing Institution: 
Faculty of Veterinary and Agricultural 
Sciences  
The University of Melbourne 
250 Princes Highway 
Werribee Vic 3030 
https://www.u-vet.com.au/  
  
JPC Diagnosis:  
1.  Kidney, tubules: Degeneration and 
necrosis, with numerous intratubular oxalate 
crystals and tubulorrhexis. 

2.  Cerebrum, vessels: Rare intramural 
oxalate crystals.   

 
JPC Comment: 
The contributor provides an excellent review 
of the pathogenesis, clinical progression, 
gross and histologic features associated with 
ethylene glycol toxicity. 

Figure 2-5: Cerebrum, cat:  Calcium oxalate crystals are 
present within the walls of cerebral veins.  (HE, 400X) 
(Photo courtesy of:  Faculty of Veterinary and 
Agricultural Sciences, The University of Melbourne, 250 
Princes Highway, Werribee Vic 3030, https://www.u-
vet.com.au/) 

https://www.u-vet.com.au/
about:blank
about:blank


8 
 

In addition to ethylene glycol, conference 
participants discussed additional causes of 
oxalate nephrosis in various species, which 
include both primary and secondary 
(acquired) causes.  Primary oxalate nephrosis 
is rare, and occurs as the result of catabolism 
of certain amino acids and vitamin C, 
resulting in the formation of endogenous 
oxalate crystals.  Secondary oxalate ne-
phrosis is more common and may occur due 
to pyridoxine (vitamin B6) deficiency, 
methoxyflurane anesthesia, ingestion of 
oxalate containing plants such as Halogeton 
glomeratus, Sarcobatus vermiculatus 
(greasewood), Rheum rhaponticum (rhubarb 
leaves), Oxalis cernua (soursob) and Rumex 
(sorrel and dock), or as the result of severe 
liver disease resulting in impaired oxalate 
metabolism.2 

The moderator also discussed nephrotoxicity 
due to ingestion of food contaminated with 
melamine and cyanuric acid, which also 
results in the formation of crystals within 
renal tissue.  Nephrotoxicity due to melamine 
-cyanuric acid results in the formation of 
gold-to-brown circular crystals with radiating 
spokes in the distal nephron that stain with oil 
red O.  In contrast, oxalate crystals are 
concentrated in the proximal tubules and will 
stain with von Kossa.  In addition, oxalate 
nephrosis is often associated with prominent 
hypocalcemia whereas serum calcium is 
usually normal in cases of melamine-
cyanuric acid toxicity.2 

In addition to having an interesting pathogen-
esis, this entity is also connected to a remark-
able historical event arising from a medica-
tion known as "Elixir Sulfanilamide" in 1948.  

Initially synthesized in 1908, sulfanilamide is 
an antibiotic that was commonly prescribed 
either in tablet or powder form.  In 1948, a 
salesman for the S. E. Massengill Co., in 
Bristol, TN, reported a demand for the 

medication in liquid form, particularly for 
children who were afflicted with sore throats 
caused by streptococcal infections.  The 
company's chief chemist and pharmacist 
found sulfanilamide readily dissolved in 
ditheylene glycol.  A pink raspberry-flavored 
formulation consisting of 10% sulfanilamide, 
83% diethylene glycol, and 17% water was 
formulated.  The company laboratory tested 
the mixture for flavor, appearance, and 
fragrance.  Found to be satisfactory, the 
product was branded as "Elixir Sulf-
anilamide".  The medication was immed-
iately compounded and 744 shipments (350 
gallons in total) were distributed throughout 
the United States in September 1948.  The 
toxicity of each ingredient was never tested, 
nor was it required by law.8  

45 children and 81 adults died due to acute 
kidney failure out of the 464 individuals 
confirmed to be exposed to the medication. 
Early clinical symptoms included nausea, 
vomiting, and severe abdominal pain, which 
led many of the survivors to discontinue the 
medication. Later symptoms included mani-
festations of renal failure such as polyuria, 
anuria, flank pain, coma, and seizures.8 The 
events associated with Elixir Sulfanilamide 
facilitated the passage of the 1949 Food, 

Figure 2-6.  Cerebrum, cat: Polarized light enhances the 
visualization of calcium oxalate crystals in vessel walls. 
(HE, 100X) (Photo courtesy of:  Faculty of Veterinary and 
Agricultural Sciences, The University of Melbourne, 250 
Princes Highway, Werribee Vic 3030, https://www.u-
vet.com.au/) 
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Drug, and Cosmetic Act.  In addition to 
requiring toxicity of new drugs to be tested 
prior to marketing, the new law also banned 
dangerous drugs, false and mis-leading 
labeling, and required formula disclosures of 
all active ingredients.  Unless the drug was 
sold by prescription, directions were required 
for use and in addition to warnings about 
possible misuse.8 

The new law was not without its limitations.  
Proof of efficacy and animal testing were not 
required and human trials were not always 
properly executed.  In addition, if the FDA 
failed to consider a drug within 70 days, it 
was automatically approved.8 

Nearly a quarter of a century later, 
thalidomide entered the market in Europe, 
Australia, and Canada as a sedative and anti-
nausea medication for pregnant women.  
Unbeknownst at the time, the medication was 
a teratogen and resulted in 6,000 babies born 
with birth defects.  These effects were not 
seen in the United States due to a FDA 
medical officer named Dr. Frances Kelsey. 
Dr. Kelsey's decision to not approve the 
medication was not in regard to 
teratogenicity, but instead due to concerns 
about peripheral neuropathy. Nonetheless, 
thalidomide's deleterious effects were not 
seen in the United States due to regulations 
stemming from the Elixir Sulfanilamide 
incident.8 

The FDA's current investigational new drug 
process requires comprehensive animal 
testing before initiating extensive human 
trials.  In addition, time constraints for the 
disposition of new drug applications were 
removed, effectively transitioning the FDA 
from an agency that responded to events, as 
with the Elixir Sulfanilamide incident, to an 
agency that actively scrutinizes development 
of new medications.8 
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CASE III:  N14-0235 (JPC 4137405).   
 
Signalment:  
14-year-old Hereford bull (Bos taurus)  
 
History:  
The bull presented to the referring 
veterinarian for a swollen left eyelid and a 
mass ventral to the left ear. On presentation, 
there was marked corneal edema and 
ulceration of the left eye, and areas of 
alopecia were noted on the ventral midline 
skin. Histopathology of the eyelid was 
consistent with squamous cell carcinoma. 
The bull was euthanized and a full necropsy 
was performed. 
 
Gross Pathology:  
At necropsy, multiple areas of circular, 
crusting alopecia were in a line along the 
ventral midline skin cranial to the prepuce. 
The largest lesion was 8 cm in diameter and 
the smallest was 3 cm.  Additional gross 
lesions included squamous cell carcinoma of 
the left eye and enlarged mandibular lymph 
nodes. 
 
Laboratory results:  
No laboratory results reported.  
 
Microscopic Description: 
Two sections of haired skin from the ventral 
abdomen of the bull are submitted. There 
may be slide variation. Throughout the 
superficial and mid dermis centered around 
multifocal hair follicles and blood vessels, is 
an inflammatory infiltrate composed of 
numerous eosinophils and macrophages with 
fewer lymphocytes and plasma cells. 
Inflammation frequently surrounds sweat 
glands and diverticula at the hair follicle base 
that often contain cross-sections of 100 μm in 
diameter adult, filariid nematodes that have a 
5 μm-thick, smooth cuticle, a pseudocoelom, 
polymyarian-coelomyarian musculature, 
lateral alae, prominent intestine, and either 

paired uteri containing microfilariae and 
eosinophilic discs or a testis. Occasionally, 
nematodes and necrotic debris are 
surrounded by multinucleate giant cells, and 
follicle diverticula are ruptured and replaced 
by similar inflammation and necrotic debris 
(furunculosis). There is mild, diffuse loss of 
adnexal glands, and hair follicles are 
frequently dilated with attenuated epithelium 
and abundant keratin, and occasional contain 
degenerate neutrophils and necrotic debris 
within the lumen or epithelium (folliculitis). 
Multifocally, the remaining apocrine glands 
are ectatic and there is increased connective 
tissue and small-caliber blood vessels 
(fibrosis). A few areas of hemorrhage, fibrin, 
and edema in the congested superficial 
dermis. The epidermis is moderately 
hyperplastic with formation of rete ridges, 
mild orthokeratotic and parakeratotic 
hyperkeratosis, spongiosis, and acanthosis. A 
few intracorneal pustules characterized by 
degenerate eosinophils, neutrophils and 
cellular debris embedded in proteinaceous 
fluid and containing rare nematodes and 
superficial bacteria are throughout the 
sections. 
 
Contributor’s Morphologic Diagnoses:  
Skin: moderate, multifocal, chronic 

Figure 3-1:  Multiple areas of circular, crusting alopecia 
were in a line along the ventral midline skin cranial to the 
prepuce. (Photo courtesy of: Texas A&M University, 
College of Veterinary Medicine & Biomedical Sciences, 
Department of Veterinary Pathobiology, 660 Raymond 
Stotzer Pkwy, College Station, TX 77843, 
https://vtpb.tamu.edu/)  
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eosinophilic and histiocytic dermatitis, 
folliculitis, and furunculosis with 
intralesional filarial nematodes 
(Stephanofilaria stilesi, presumed). 
  
Contributor’s Comment:  
While considered an incidental lesion in this 
case, stephanofilariasis is a common cause of 
dermatitis in cattle (particularly beef breeds) 
in the western and southwestern United 
States.4,5 The genus Stephanofilaria (Order 
Spirurida, Family Filariidae) encompasses 
several species of filariid nematodes that 
infect the skin of cattle and buffalo 
worldwide and are also found on goats, 
elephants, and rhinoceroses.3,5 Lesion 
distribution is often dependent on the feeding 
preference of the fly vector that transmits the 
parasite,3,5 with some species primarily 
causing lesions on the back (“hump-sore” of 
Zebu cattle; S. assamensis) or shoulder (S. 
dinniki in rhinoceroses), ears (S. zaheeri in 
buffalo), or feet (S. kaeli).3,5 Speciation can 
be difficult due to subtle differences between 
species, erroneous taxa,3 and a lack of 
comparative genomic analyses within the 
genus. In North America, the primary species 
is S. stilesi, which is transmitted by horn flies 
(Haematobia irritans) that ingest micro-
filariae and deposit infective larvae while 

feeding on the skin.5 The characteristic gross 
finding, as observed in this case, is 
development of singular or multiple alopecic 
and lichenified plaques along ventral 
midline.5 Similar lesions may also occur on 
the scrotum, flank, udder, or teats.5 
Differential diagnoses for cutaneous 
nematodiasis in cattle would include 
infection with Rhabditis spp., Onchocerca 
spp., or rarely Pelodera spp.4,5  
 Histologically, adult S. stilesi  reside 
in cystic diverticula off the base of hair 
follicles and microfilariae can be found on 
the skin surface enclosed in vitelline 
membranes, free within the dermis, or within 
lymphatic vessels.3,5 Inflammatory reaction 
to the adult nematodes is mild unless there is 
rupture of the cyst wall and spread to the 
dermis, where the cellular reaction is mainly 
eosinophilic or lymphocytic.3,5 Adult filariid 
nematodes are characterized by a thick 
cuticle, coelomyarian musculature, thick-
walled intestine, lateral alae, and paired uteri 
containing microfilariae and eosinophilic 
discs in the female.2 S. stilesi infections can 
be differentiated from Pelodera spp. by the 
presence of microfilariae in the uteri, a 
prominent intestine, and absence of a 

Figure 3-2: Liver, ox.  At subgross magnification, there is a 
retiform pattern of lobular hemorrhage present diffusely 
throughout the section. (HE, 5X) 

Figure 3-3:  Liver, ox.  There is loss of hepatocytes within 
the central and midzonal areas of the lobule with 
replacement by acute hemorrhage.  Remaining periportal 
hepatocytes are swollen bn an accumulation of numerous 
cytoplasmic lipid droplets. (HE, 192X) 
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rhabditiform esophagus.2,4 Rhabditis is 
another rhabditiform nematode genus that is 
most often associated with otitis externa in 
cattle and can exhibit matricidal hatching in 
which the larvae feed on the maternal tissues 
after developing in the uterus.1 Onchocerca 
spp. adults are not found in the hair follicles 
and the microfilariae are longer (200 μm vs. 
50 μm) than S. stilesi.3,4 Stephanofilariasis is 
often mild, but if treatment is desired, the 
parasite can be killed effectively with 
ivermectin or topical organophosphates.4 

Contributing Institution: 
Texas A&M University  
College of Veterinary Medicine & 
Biomedical Sciences 
Department of Veterinary Pathobiology 
660 Raymond Stotzer Pkwy, College 
Station, TX 77843 
https://vtpb.tamu.edu/ 
 
JPC Diagnosis:  
Haired skin: Dermatitis, perifollicular, 
periadnexal and perivascular, eosinophilic 
and histiocytic, diffuse, moderate, with 
folliculitis, furunculosis, few intrafollicular 
adult filarid nematodes, and rare dermal 
microfilariae  
 
 

JPC Comment:  
The contributor provides a concise overview 
of the genus Stephanofilariae in addition to 
other etiologic agents that cause cutaneous 
nematodiasis in domestic and wildlife 
species. 
 
As briefly mentioned by the contributor, 
rhinoceroses are one of the many species 
affected by this genus.  Black rhinoceroses 
(Diceros bicornis) have been known to be 
infected by Stephanofilaria dinniki7, 
although a 2012 case report describing a 
filariosis outbreak in Meru National Park in 
Kenya described lesions consistent with the 
parasite in both black rhinoceroses and 
southern white rhinoceroses (Ceratotherium 
simum simum).6 

 
Macroscopically, lesions were characterized 
by extensive cutaneous ulcerations with a 2-
3cm depression and a mean diameter of 23 
±8cm in in white rhinoceroses.  Similar 
lesions of black rhinoceroses but were 
smaller, measuring 15 ±5cm in diameter.  
Unfortunately nematodes were not observed 
in tissue samples obtained for histo-
morphologic examination; however, the 
authors attributed the filarid-like lesions to S. 
dinniki due to a striking resemblance to 
previously reported lesions caused by the 
parasite in addition to resolution following 
treatment with ivermectin.6 Although the 
lifecycle of S. dinniki is unknown, other 
species within the genus (such as S. stilesi) 
require a blood sucking arthropod vector, of 
which several species are commonly found 
on rhinoceroses and are thought to be 
involved in the parasite's transmission.  In 
addition, a species of bird commonly 
observed in association with African 
megafauna, commonly known as oxpeckers, 
were also observed pecking at the lesions.  
The relationship between these large 
mammals and oxpeckers is usually classified 
as a "cleaning symbiosis" as each species 

Figure 3-4:  Liver, ox.  Higher magnification of necrotic 
centrilobular and midzonal hepatocytes and 
degenerating, lipid-filled periportal hepatocytes. (HE, 
387X). 
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benefits from the other under normal 
circumstances.   
 
Although the act of oxpeckers feeding on 
necrotic skin is inherently traumatic, the 
authors suggest this may be beneficial from 
an epidemiological standpoint.  This action 
likely disrupts the parasite's lifecycle by 
preventing arthropod vectors from ingesting 
microfilaria concentrated within the necrotic 
and infected cutaneous tissues.6 Of note, 
microfilaria were not observed by all 
participants due to slide variation. 
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CASE IV:  WSC CASE 2 (JPC 4155410)   
 
Signalment: Sixteen-year-old, male, 
cynomolgus monkey (Macaca fascicularis) 

History: Over a 2-year period this monkey 
had variable increased body weight (BW) of 
up to 3 kilograms (kgs) greater than his 
original BW of 7 kgs. The following year, 
this monkey lost 13% of his body weight. The 
clinical chemistry evaluation showed 
significant increases in serum and urine 
glucose (Glu), as well as in serum 
triglycerides (Trigl), cholesterol (Chol) and 
decreases of potassium (K). There were also 
minimal increases in alanine amino-
transferase (ALT) and aspartate amino-
transferase (AST). Although this monkey had 
no changes in appetite or mental faculties, he 
was euthanized because of clinical signs of 
Type 2 diabetes mellitus (T2DM). All 
procedures were approved by the animal care 
and use committee in accordance with federal 
regulations and the Guide for the Care and 
Use of Laboratory Animals. 
 
Gross Pathology: At necropsy, there were no 
gross findings.  
 

Figure 4-1:  Pancreas, cyno macaque.  A section of 
pancreas is submitted for examination.  At subgross 
magnification, islets are increased both in size and 
number.  (HE, 7X) 
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Samples of adrenal, aorta, brain, gall bladder, 
heart, kidneys, liver, lung, pancreas, sciatic 
nerve, skin, spleen, ureters, and urinary 
bladder were collected and fixed in 10% 
neutral buffered formalin; eyes and optic 
nerves were fixed in Davidson’s solution. 
These tissues were processed to slides and 
stained with Hematoxylin and eosin (HE) for 
light microscopic examination. 

Laboratory results: Table 1 is showing 
clinical chemistry parameters from 2017-
2019 taken for this monkey. At the time of 
euthanasia, there were marked increases 
blood Glucose (295-501 mg/dL), urine  
Glucose (> 1000 mg/dL) and Chol (933-1568 
mg/dL) and increases in and Trig= (104-207  
mg/dL). Insulin and hemoglobin A1c were 
not evaluated.   
 

Microscopic Description: Pancreatic islets 
of Langerhans displayed several different 
histopathologic alterations. These included 
islet cell hyperplasia/hypertrophy, de-
generation, necrosis and loss; accumulation 
of intracellular and extracellular pale, 
eosinophilic, irregularly shaped material 
(amyloid); and mononuclear cell infiltrate 
(lymphocytes). Islet cell hyperplasia/ 
hypertrophy was characterized by increased 
numbers of enlarged cells with large 
prominent nuclei arranged in acini 
formations.  Degenerating islet cells had 
vacuolated cytoplasm or contained large 
amounts of intracytoplasmic amyloid. 
Necrotic cells had pyknotic to karyorrhectic 
nuclei. There were also several small islets 
that contained mostly extracellular amyloid 
and a few cells. A few islets of Langerhans 
contained variable numbers of mononuclear 
cells (lymphocytes). The eosinophilic 

material was not 
birefringent when the 
HE and Congo Red 
stained slides of 
pancreas were placed 
under polarized light 
but was still 
considered to be con-
sistent with amyloid.  
 
To further char-
acterize the pancre-
atic lesions, immune-
histochemical stains 
for Insulin (Dako 

 
Serum Urine Body 

weight  
Glucose Cholesterol Triglycerides Phosphorus Glucose 

 

Date/Range 42-157 
mg/dL 

20-91 mg/dL 69-139 mg/dL 3.7-7.8 mg/dL mg/dL ~ 8 kg 

2017 59-74 39-154 66-96 4.6-4.9 NE 8-8.4 
2018 78-137 104-177 79-80 3.7-4.5 NE 8.3-10 
2019 295-501 933-1568 104-207 2.8-3.4 >1000 7.7 

Table 1: Clinical pathology parameters and total body weights taken in this monkey from 2017 to 2019. Bolded red values 
are significant changes. NE= No evaluated. 

Figure 4-2:  Pancreas, cyno macaque.  Some enlarged islets are infiltrated by large numbers of 
lymphocytes (insulitis)  (HE, 81X). 
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guinea pig anti-Insulin A0564 1/7, 500, 20’ 
@ RT) and glucagon (Abcam anti-glucagon 
ab-92517 1/20,000 15’ @ RT) were 
performed on the pancreas of this monkey 
and from in internal control insulin stains for 
beta cells demonstrated moderate to marked 
decreases in expression in the reported 
monkey as compared to the control monkey.  
Glucagon stains for alpha cells in the reported 
monkey were in-conclusive because the 
control pancreas contained a large percentage 
cells that were positive for glucagon, likely 
due to antigen cross reactivity.   
 
Other microscopic findings included 
multifocal cortical infarcts and multifocal 
glomerulopathy in the kidneys, and focal 
extensive, moderate interstitial fibrosis with 
cardiomyocyte loss and hypertrophy in the 
heart.  
 
There were no microscopic findings in the 
adrenal glands, aorta, brain, gall bladder, 
liver, lung, sciatic nerve, skin, spleen, ureters 
and urinary bladder. 
 
Contributor’s Morphologic Diagnoses:  
Pancreas, islets of Langerhans: Hyperplasia/ 
hypertrophy, degeneration/ necrosis, and 
mononuclear infiltrate  
 

Pancreas, islets of 
Langerhans: intra-
cellular and extra-
cellular amyloid 

accumulation, 
marked, multifocal 
to diffuse   
 
Pancreas-, Islets of 
Langerhans: De-
creased immune-

histochemical 
insulin expression   
 
Kidneys – Cortical 
infarcts, chronic, 

multifocal and glomerulopathy 
 
Heart – Fibrosis and cardiomyocyte loss and 
hyper-trophy of the left myocardial wall, 
moderate and focally extensive 
 
Contributor’s Comment: The clinical 
history of increases in BW followed by sig-
nificant decreases of BW and the age of this 
monkey, as well as the alter-ations in the 
clinical pathology parameters and 
microscopic find-ings in the pancreas are all 
consistent with T2DM.   
 
Factors such as obesity, sedentary lifestyle, 
and an increased in aging population have 
increased the prevalence of T2DM in humans 
around the world.3 Nonhuman primates 
(NHPs), as well as cats, dogs, and pigs also 
develop spontaneous type 2 diabetes mellitus 
(T2DM) so they are used as animal models.5  
Though, they do not develop all the 
characteristics of T2DM in humans, they can 
be used to study some specific con-ditions.3  
Depending on the stage of disease, T2DM is 
characterized by obesity, glucose intolerance, 
insulin resistant, dyslipidemia, hypertension, 
inflammatory processes, abnormalities of the 
blood coagulation system and/or pancreatic 
pathology.3  

Figure 4-3:  Pancreas, cyno macaque.  Higher magnification of an islet infiltrated by large 
numbers of lymphocytes   
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In NHPs, T2DM has been described in both 
old and new-world monkeys.1,2,4,6,10,12,13,16 
The most extensive research has been 
conducted in cynomolgus and rhesus 
macaques.5 In NHPs, spontaneous T2DM 
increases in incidence and severity with age 
and increased in body weight.1, 15 Wagner et 
al., 200114 reported that approximately 30% 
of cynomolgus macaque 15 years of age or 
older had evidence of T2DM.  
 
T2DM in humans and animal models is 
characterized by the following phases: 
Normal glucose tolerance followed by insulin 
resistant due to compensatory increases in 
insulin secretion plus alterations of 
carbohydrate metabolism. The disease 
progresses to impaired glucose with increases 
in fasting plasma glucose. Hyperglycemia 
due to decreases of insulin production caused 
by pancreatic pathology.3,6,14 
 
Cynomolgus macaques are typically 
overweight early on in the course of the 
disease and as the disease gets more severe 
they lose weight. They also exhibit clinical 
chemistry alterations (increased total 
cholesterol, triglycerides, and free fatty acids 
as well as decreased HDL cholesterol), 
inflammation and increased blood pressure.15 

 

The microscopic findings of T2DM in 
humans and NHPs include hyperplasia and 
hypertrophy of β cells because the pancreas 
responds to peripheral insulin resistance by 
increasing insulin production.9,11,13,14,15,16,17  
As the insulin demands continue, there is co-
secretion of Amylin (islet amyloid 
polypeptide or IAPP), resulting in 
intracellular accumulation within the Islets. 
Aggregated IAPP has cytotoxic properties 
causing degeneration, necrosis and loss of β 
cells, resulting in release of the amyloid. 
Infiltration of mononuclear cells is not 
uncommon, secondary to cellular 
destruction. As these lesions progress, the 
remaining (Alpha, delta, pancreatic 
polypeptide, epsilon) pancreatic cells 
undergo degeneration and necrosis  
 
It is important to mention the cell types 
present in pancreatic Islets and what they 
secrete.8 Alpha cells produce Glucagon. 
Glucagon stimulates glycogenolysis, gluco-
neogenesis, and lipolysis. Beta cells produce 
insulin and islet-amyloid poly-peptide (IAPP 
- amylin). Insulin stimulates glucose uptake 
and glycogenesis in response to 
hyperglycemia.  Insulin is also an anabolic 
hormone released by beta cells in response to 
glucose and other nutrients such as amino 
acids, fatty acids and hormones. Amylin 
suppresses glucagon production and inhibits 
gastric digestive function. Delta cells 
produce somatostatin. Somatostatin inhibits 
release of glucagon, insulin and pancreatic 
polypeptide. PP cells produce pancreatic 
polypeptide. Their function is to antagonize 
cholecystokinin. Cholecystokinin inhibits 
exocrine pancreas secretion and gall bladder 
contraction and delays gastric emptying. 
Epsilon cells produce ghrelin. This hormone 
stimulates the appetite and suppresses insulin 
secretion.  
 
With immune-histochemical staining we 
observed remarkable decreases in insulin 

Figure 4-4:  Pancreas, cyno macaque.  Higher 
magnification of an islet effaced by large amounts of 
amyloid. (HE, 270X)  
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staining in the pancreatic islets if our 16-year 
old monkey, compared to a control. In 1986, 
Howard and Bueren7 performed computer-
ized photometric method on immune-
histochemically stained, Insulin (β cells), 
glucagon (α cells) and somatostatin (δ cells) 
cells in the pancreas of nondiabetic (ND), 
hormonally impaired, borderline diabetic (D) 
and diabetic of Macaca nigras. He found 
alterations in percentages of secretory cells 
correlated with several of the metabolic and 
clinical changes. These consisted of 
decreases of insulin from 77% in ND to 1% 
in D monkeys.  Glucagon and somatostatin 
stains also decreased in the D monkeys but in 
a lower degree, as percentage of these cells is 
normally lower in the pancreas.  
 
Kidney and heart findings are common aged-
related findings in older monkeys.  
 
Contributing Institution:  
Pfizer Drug Research and Development 
455 Eastern Point Rd  
Groton, CT 06340 
  
JPC Diagnosis:  
1. Pancreas, islets:  Hyperplasia, diffuse, 
moderate with islet cell hypertrophy and rare 
tubuloinsular complexes (nesidioblastosis). 

 
2. Pancreas, islets: Amyloidosis, diffuse, 
severe.  
 
3. Pancreas, islets: Insulitis, lymphocytic, 
multifocal, moderate. 
 
JPC Comment: The contributor expertly 
summarizes the pathogenesis, clinical find-
ings, and nuances associated with T2DM in 
NHPs, which closely mirror those of humans. 
The prevalence of T2DM has significantly 
increased amongst people throughout the 
world and the trend will likely continue for 
the foreseeable future.3 In addition to 
characteristic features provided by the 
contributor (e.g. obesity, hypertension), 
human patients with T2DM are predisposed 
to two neurodegenerative diseases in which 
misfolded amyloidogenic peptides play 
pivotal roles, Alzheimer's disease and 
Parkinson's disease. Ongoing research has 
found insulin-degrading enzyme (IDE) to be 
a link between T2DM and these two 
diseases.12 
IDE has degradative activity over insulin, 
playing a central role in its clearance and 
regulation, and therefore overall homeo-
stasis. First demonstrated in mice with an 
ablated Ide gene, its absence or loss of 

function results in 
hyperinsulinemia 

and contributes to 
the development of 
T2DM.12  
In addition to 
degrading insulin, 
IDE interacts with 
and degrades a 
wide spectrum of 

substrates, 
including islet 

amyloid 
polypeptide (IAPP, 
also known as 
amylin) and Figure 4-5:  Pancreas, cyno macaque.  Islet cells within amyloid-producing islets are swollen and 

vacuolated (degeneration) or shrunken with pyknotic nuclei (necrosis)  (HE, 380X) 
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amyloid-β (Aβ) peptides, which have the 
ability to undergo conformational change and 
form β-sheets. Furthermore, the enzyme is 
concentrated in tissues where amyloidogenic 
risk is elevated, such as pancreatic β cells and 
the brain, which are continuously challenged 
with IAPP and Aβ aggregation, respectively. 
One way IDE prevents formation of these 
aggregates is by exhibiting chaperone-like 
activity over amyloidogenic peptides and 
facilitating proper folding, including 
amyloidogenic peptides related to 
neurodegenerative diseases, such as Aβ in the 
case of Alzheimer's disease and α-synuclein, 
which plays a pivotal role in the development 
of Parkinson's disease.12 T2DM's association 
with the development of Alzheimer's disease 
and Parkinson's disease is potentially tied to 
hyperinsulinemia, which occurs in the early 
stages in the disease process as described by 
the contributor. High levels of insulin may 
overwhelm IDE, resulting in favorable 
conditions for the aggregation of amyloid-
ogenic peptides.12 
 
Given its association with these three entities, 
IDE is an enticing target for medicinal 
research, although challenges, such as those 
due to toxicity (e.g. hypoglycemia) must be 
overcome.12   
During the conference, participants noted 
what the contributor described within rare 
islets as hyperplastic and hypertrophic cells 
arranged in acini formations.  The moderator 
discussed how this finding is consistent with 
nesidioblastosis given that neither acini nor 
tubular structures are normally present in 
these locations. 
 
Nesidoblastosis is a non-neoplastic pro-
liferation of islet and ductular tissue within 
the pancreas that is histologically char-
acterized by irregularly sized islets, 
hypertrophied β cells, and ductulo-insular 
complexes ("insulo" referring to islet cells 
including but not limited to, insulin 

producing β cells).5 The pathogenesis of 
nesidioblastosis is unclear; it occurs as both a 
regenerative response to pancreatic insults 
and in response to increased β cell trophic 
factors, such as T2DM.   
 
Nesidioblastosis is the most common cause 
of hyperinsulinemic hypoglycemia in 
humans.5 However, nesidioblastosis is 
sporadically reported in domestic species, 
particularly in dogs, and is typically an 
incidental finding.8  
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WSC 2021-2022 Self-assessment 

Conference 4  

1.  Which of the following colloquialisms has been applied to animals affected with facial 

Actinobacillus lignieresi infection? 

a. Bullwinkle face 

b. Hippo face 

c. Balloon face 

d. Rhino face  

 

2. The first site where ethylene glycol is metabolized is: 

a. Lung 

b. Stomach 

c. Liver 

d. Kidney 

 

3. Which of the following is the vector for Stephanofilaria stilesi? 

a. Mosquitoes 

b. Blackflies 

c. Face flies 

d. Horn flies 

 

4. True or false?  In cynomolgus models of type II diabetes mellitus, advanced disease is 

characterized by weight loss, rather than continued weight gain.   

a. True 

b. False 

 

5. The function of pancreatic polypeptide is to antagonize which of the following? 

a. Gastrin 

b. Glucagon 

c. Trypsin 

d. Cholecystokinin 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I:  S1335/17 (JPC 4118308) 
 
Signalment:  
4-year-old ewe, Merino sheep, sheep, Ovis 
aries 
 
History:  
In September 2017, this ewe was presented to 
a veterinary clinic showing circling and 
episodes of unconsciousness. Additionally, 
the shepherd noticed reduced water intake 
and appetite as well as gnashing of teeth for a 
few days. A referring veterinarian further 
diagnosed reduced pupillary reflexes and 
blindness. Therapy with steroids and 
antibiotics was ineffective. 
 
At presentation, the animal was mildly 
emaciated and showed severe ataxia, 
tachycardia and tachypnea, reduced skin 
sensibility at the head, blindness and reduced 
reflexes. Body temperature was 39.5° C. A 
blood sample was analyzed and showed a 
mild increase of cells (predominantly 
monocytes/macrophages). Symptomatic 
therapy with dexamethasone, penicillin, 
vitamin B1, and tetanus serum was begun; 
the animal died suddenly two days later. 
 
Gross Pathology:  
Full necropsy was performed. The ewe was 
pregnant and in good body condition (body 
mass 86 kg). The carcass was in advanced 
decomposition. A mild ascites (100 ml), 
hydrothorax (80ml) and hydropericardium 

were noticed. Meninges were diffusely 
reddened with acute congestion of the 
vessels. There was an abscess, 1.5 cm in 
diameter, within the left lung lobe and a 
marked diffuse alveolar edema. Other organs 
and tissue were unaltered beside marked 
decomposition.  
 
Laboratory results:  
White blood cells: 13.2 G/l (ref. 4.2-6.2 G/l) 
= mild leukocytosis 
Urea: 10.2 mmol/l (ref. 5 mmol/l) = mild 
azotemia 
Transketolase activity: 8% (ref. <50%) 
Blue tongue virus (PCR): negative 
Pestivirus (PCR): negative 
 
Immunohistochemically bornavirus antigen 
(BO18) was detected within the cytoplasm of 
neurons and astrocytes with well discernable 
immunopositive Joest-Degen inclusion 
bodies 

1-1. Cerebrum, sheep.  A section of cerebrum is 
submitted for examination. (HE, 7X)  



Microscopic Description:  
Brain (cerebrum and brain stem):  
Affecting 60% of Virchow-Robin spaces are 
expanded by perivascular cuffs composed of 
1 to 8 layers of lymphocytes, plasma cells and 
fewer macrophages. Meninges are similarly 
affected. Multifocally, neurons are shrunken, 
hypereosinophilic (neuronal necrosis), and 
surrounded by increased numbers of glial 
cells (satellitosis). The number of glial cells 
is increased throughout tissue section 
sometimes forming nodular aggregates 
(gliosis). Rarely, neurons contain poorly 
discernably 4-6 μm, round, eosinophilc 
Cowdry-type-B inclusion bodies (Joest-
Degen bodies) 
 
Contributor’s Morphologic Diagnoses:  
Brain, meningoencephalitis, lymphoplasma-
cytic, diffuse, marked with peri-vascular 
lymphohistiocytic cuffs, multifocal neuronal 
degeneration and necrosis, gliosis, and 
neuronal eosinophilic intranuclear viral 
inclusion bodies, etiology consistent with 
Borna disease, ovine. 
 
 
 

Contributor’s Comment:   
This ovine case is a classic example of Borna 
disease, first described in horses in 1813 and 
named after the town Borna in Saxony/ 
Germany, due to a local severe outbreak in 
military horses in 1894.3 The etiologic agent 
is borna disease virus-1 (BoDV-1), a single-
stranded negative-orientated RNA-virus, 
order Mononegavirales. After the discovery 
of several new members of the virus family 
Bornaviridae in recent years, the Inter-
national Committee on Taxonomy of Viruses 
has proposed a new taxonomy in 2018.1 Now 
the family Bornaviridae consists of two 
genera: the genus Carbovirus with members 
infecting snakes (carpet pythons in Australia) 
and the genus Orthobornavirus, including 
mammalian-1 orthobornavirus with BoDV-1 
as the classic prototype, and several other 
virus species. Mammalian-2 orthobornavirus 
includes the variegated squirrel Bornavirus-1 
(VSBV-1) with a reservoir in certain 
squirrels (Sciurus variegatoides, Callo-
sciurus sp.)3 Infections with VSBV-1 have 
been linked to fatal cases of human en-
cephalitis in squirrel breeders.13 Psittaciform-
1 orthobornavirus is the etiologic agent of 
psittacine proventricular dilatation disease.8 

1-2. Cerebrum, sheep.  Vessels within all layers of the cortex are surrounded by multiple layers of lymphocytes and fewer 
histiocytes which expand Virchow-Robins’ space. (HE, 144X) 



Additionally, several other viral species have 
been found in different wild birds.1 
 
Classical Borna disease mainly occurs in 
horses and sheep, but can occasionally affect 
other warm-blooded animals.14 The first 
outbreaks at the end of the 19th century were 
epidemically, but in recent years, only 
sporadic cases in endemic regions occur. 
Clinical signs of Borna disease include 
therapy-resistant fever, hyperesthesia, phar-
yngeal paralysis, circling, muscular tremors, 
spasm and blindness, drowsiness and flaccid 
paresis. Incubation time is about 2-6 months, 
after onset of clinical signs animal usually die 
within 4 weeks. Mortality reaches 90%-
100%. 3, 14 
 
BoDV-1 is neurotropic, likely uses a nasal 
infection route and enters the brain via 
transaxonal migration along the olfactory 
bulb. Within the CNS, the virus shows 
widespread distribution of viral antigens in 
neurons, astrocytes, ependymal cells and 
oligodendrocytes. In later stages, highest 
viral loads can be detected in the grey matter 
of the limbic system, the hippocampus, in 
basal ganglia and brainstem. BoDV-1 
replicates in the nucleus of the host cells and 
does not cause any direct cytopathic effect. 
Brain lesions are induced by immune-
mediated mechanisms. Affected animals do 
not develop obvious gross lesions, but 
develop a fulminant non-suppurative 
polioencephalitis with occasional involve-
ment of meninges. Lesions include thick 
perivascular cuffs composed of lymphocytes, 
plasma cells and macrophages, neuronal 
necrosis, satellitosis and gliosis. Rarely, 
Cowdry type B intranuclear eosinophilic 
inclusion bodies (Joest-Degen inclusion 
bodies) can be found.3 In this case, they were 
easily visible immunohistochemically but not 
by using Giemsa stain. 
 

The epidemiology of Borna disease, with 
occurrence in endemic areas in Central 
Europe (Germany, Switzerland, Austria, 
Liechtenstein), higher incidence in certain 
years and seasons (spring and summer) and 
higher incidence on farms with low hygiene 
and rodent control, points towards a rodent 
reservoir.5 Until now, the only confirmed 
reservoir of BoDV-1 is the bicolored white-
toothed shrew (Crocidura leucodon).2, 6, 7 In 
shrews, BoDV-1 can be found in the nervous 
system and additionally in many peripheral 
organs including excretory organs (skin 
glands, kidney). In this reservoir species, 
there is no inflammation associated with the 
virus and infected shrews do not show 
clinical signs. 11 
 
The zoonotic potential of BoDV-1 has been 
controversial for the last thirty years. An 
association with neuropsychiatric diseases 
has been repeatedly suggested.4 However, in 
2018, few cases of encephalitis caused by 
BoDV-1 infection in human patients re-
ceiving donated organs support the 
hypothesis of a zoonotic potential of BoDV-
1.15 
 
 
 
 

1-3. Cerebrum, sheep:  Immunohistochemical staining for 
bornavirus demonstrated inclusions within neuronal 
cytoplasm.  (anti-bornavirus, 400X) 



Contributing Institution:   
Institut fuer Veterinaer-Pathologie, Justus-
Liebig-Universitaet Giessen 
Frankfurter Str. 96, 35392 Giessen, Germany 
http://www.uni-
giessen.de/cms/fbz/fb10/institute_klinikum/i
nstitute/pathologie 
 
JPC Diagnosis:  
Cerebrum:  Meningoencephalitis, lympho-
histiocytic, diffuse, moderate, with rare 
neuronal necrosis and intranuclear viral 
inclusions. 
 
JPC Comment:  
The contributor provides a concise review of 
recent Bornaviridae taxonomy updates as 
well as details of its pathogenesis in its 
reservoir host, the bicolored white-toothed 
shrew (Crocidura leucodon), and higher 
mammals dead-end hosts which demonstrate 
meningoencephalitis. 10  
 
As noted by the contributor, classical Borna 
disease is typically associated with horses 
and sheep, although other warm blooded 
animals may also be infected.  Interestingly, 
New World camelids have recently been 
identified as potential sentinels for BoDV-1, 
with reports of symptomatic cases in these 
species while other species are lacking in 
similar geographic regions over the same 
time periods.10 

 
An example of camelid infection was 
demonstrated on a Swiss farm that main-
tained a herd of up to 8 breeding llamas in 
addition to cattle, horses, goats, cats, dogs, 
rabbits, and chickens.  Over a two-decade 
period, 12 of 30 breeding llamas succumbed 
to Borna disease, but no other species kept on 
the farm were affected.  Abnormal pre-
hension of food was the first reported clinical 
sign, followed by separation from the herd, 
shade-seeking, head rubbing against the 
ground, and biting inanimate structures.  

Animals in late stages of the disease ran into 
fences or walls with signs of visual 
impairment.  In addition, the animals tended 
to constantly move but did not exhibit 
aimless circling as seen in horses.10  
 
A similar phenomenon occurred in southern 
Germany, near the Swiss border.  Between 
2002 and 2008, there were five reported cases 
of Borna disease, three of which occurred in 
alpaca herds (the other two cases were a 
sheep and horse).  Surprisingly, this region 
had been dormant for Borna disease for 
several decades prior to these cases.  In 2011, 
BoDV-1 was identified via PCR in a 
bicolored white-toothed shrew in the same 
region.  Complete genome sequencing found 
the BoDV-1 in the shrew was between 96.6-
98.2% identical to those obtained from 
infected animals.10 

 
As previously mentioned by the contributor, 
BoDV-1 cases are typically seasonal, with 
most occurring in the in spring and summer 
months.  This is most likely attributed to the 
biologic behavior of the infected bicolored 
white-toothed shrews (Crocidura leucodon) 
which are more active during these times.  
Notably, historical temperature data for the 
region of the previously discussed llama farm 
in Switzerland demonstrated increasing 
temperatures over the last decade with 2011, 
2012, 2014, 2015, 2017, 2018, and 2019 
being particularly warm.  Borna disease 
outbreaks occurred in six of these seven “hot” 
years but not in the cooler years of 2013 and 
2016.  Therefore climate change may present 
a significant contributing factor in regard to 
incidence of this disease.10 

 

Joest-Degen bodies, also known as Cowdry 
type B bodies, are named after their 
discoverer, who found the intranuclear 
inclusions to be pathognomonic for Borna 
disease in the horse in 1909.9,12  
 

http://www.uni-giessen.de/cms/fbz/fb10/institute_klinikum/institute/pathologie
http://www.uni-giessen.de/cms/fbz/fb10/institute_klinikum/institute/pathologie
http://www.uni-giessen.de/cms/fbz/fb10/institute_klinikum/institute/pathologie


There was significant slide variability 
associated with this submission.  Conference 
participants noted sections containing hippo-
campus contained abundant Joest-Degen 
bodies, which were rarely observed in other 
sections. 
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CASE II: P18-3879 (JPC 4118085)    
 
Signalment:  
8 month-old, female, St. Bernard, Canis 
lupus familiaris, dog 
 
History:  
The patient was presented due to myoclonus 
of temporal muscles, melena and purulent 
discharge from the nostrils. It began with 
depression and anorexia. It also had a non-
regenerative anemia and thrombocytopenia 
that progressed from mild to severe. 
 
Gross Pathology:  
On necropsy, the animal was in good body 
condition. Lungs were diffusely congested 
and moderately edematous. There were no 
gross lesions noted on examination of the 
brain or spinal cord. 
 
Laboratory results:  
Immunohistochemistry (IHC) revealed mod-
erate to strong positive immunoreactivity for 
canine distemper virus (CDV) in astrocyte 
nuclei and multifocally in the neuropil next to 
demyelinated areas. 
 
Microscopic Description: 
The cerebellar white matter is severely 
affected by loss of tissue substance and 
delineated by numerous reactive astrocytes 
admixed with large numbers of macrophages 
that contain abundant, intracytoplasmic, 

degenerate myelin (Gitter cells) and few 
lymphocytes. There are multiple foci of 
gliosis in the adjacent neuropil. There are 
large numbers of astrocytes with large, 
swollen nuclei that contain a single, round, 
amphophilic, glassy inclusion. Blood vessels 
throughout the lesions are reactive and 
branched and typically are lined by reactive, 
hypertrophied endothelium. 
 
Contributor’s Morphologic Diagnoses:  
Cerebellum, white matter: Demyelination 
and necrosis, severe, multifocal, with 
numerous Gitter cells and intranuclear 
inclusion bodies in astrocytes. 
 
Contributor’s Comment:   
The clinical history and the distinctive 
histologic feature of extensive demyelination 
with intranuclear inclusion bodies in 
astrocytes are consistent with canine 
Distemper in this dog. Canine distemper is 
caused by a morbillivirus (family Para-
myxoviridae), and affects a wide range of 
terrestrial carnivores, including domestic 
dogs, wild canids (e.g. wolves, foxes), 
mustelids (e.g. ferrets, minks), procyonids 
(e.g. raccoons), ursids (e.g. black bears, giant 
pandas), ailurids (e.g. red pandas), viverrids 
(e.g. civets, genets), hyaenids (e.g. spotted 

2-1. Cerebellum and brainstem, dog: A tangential section 
of cerebellum and brainstem is submitted for 
examination.  An area of pallor in the folial white matter 
on the more cranial folia is barely perceptible at subgross 
magnification.  (HE, 5X) 



hyenas), large felids (e.g. lions, tigers), and 
marine mammals, where several epidemics 
with mass mortalities have been reported. 
Domestic, feral and even wild canids are 
considered vectors for this infectious agent in 
wildlife species.2  
 
Canine Distemper Virus (CDV) is shed in 
secretions mostly from the respiratory tract 
and infection is usually acquired by inhaling 
aerosols or by close contact with infected 
dogs. The virus infects monocytes and 
macrophages of the upper respiratory tract, 
which convey it to tonsils and local lymph 
nodes during the first 24 hours. The virus 
replicates further in local lymphoid tissues, 
and by 2-5 days after exposure is present in 
lymphoid tissues throughout the body, 
including thymus, spleen, bone marrow, and 
intestinal lymphoid tissue. During the first 
viremic phase, generalized infection of 
lymphoid tissues with lymphoid depletion, 
lymphopenia and transient fever is observed. 
Severe immunosuppression is a consequence 
of leukocyte necrosis, apoptosis and 
dysfunction.  Gross lesions include lymph 
node swelling, depletion of MALT and 
reduced thymus size. Lesions are 
microscopically characterized by a general-
ized depletion of T and B cell compartments 
in spleen, lymph nodes, MALT and tonsils as 
well as hyperplasia of reticular cells in the 
medullary region of lymph nodes. A second 
viremia provokes high fever and infection of 
parenchymal tissues such as the respiratory 
tract, digestive tract, skin, and CNS.  
Development of the disease is highly 
dependent on the immune status of the host, 
the titer of antibodies to envelope 
glycoproteins, the age of the host, and the 
strain of virus. The infection is systemic, and 
clinical signs usually involve the respiratory, 
gastrointestinal, and nervous systems.1,2,3  
 
The main respiratory lesion is broncho-
interstitial pneumonia, with formation of 

inclusion bodies in the cytoplasm of 
bronchial and bronchiolar epithelial cells, 
type II pneumocytes and alveolar 
macrophages. Alveolar epithelial syncytial 
cells are a characteristic feature when 
present. Enteral infection leads to catarrhal 
enteritis with depletion of Peyer’s patches. 
Often enteric and respiratory lesions are 
worsened by secondary bacterial infections. 
Characteristic dermal mani-festations include 
hyperkeratosis of foodpads and nasal planum 
(hard pad disease), and pustular dermatitis 
(distemper exanthema). In young animals, 
enamel hypoplasia and metaphyseal 
osteosclerosis (persistence of the primary 
spongiosa in the metaphyses of long bones), 
can be seen following CDV infection. 
Neurologic signs depend on viral distribution 
in the CNS and include cerebellar and 
vestibular signs, hyper-esthesia, seizures, 
cervical rigidity, as well as paraparesis or 
tetraparesis with sensory ataxia. Histological 
manifestations include polioencephalitis and 
demyelinating leukoencephalomyelitis. De-
myelination in white matter tracts is most 
severe in the cerebellum, rostral medullary 
velum, optic tracts, spinal cord, and 
surrounding the fourth ventricle, and 
probably arises from distribution of virus 
through the cerebrospinal fluid. Astrocytes 

2-2. Cerebellum dog: The area of pallor corresponds to a 
large area of spongiosis, with a central more several 
affected area of demyelination.  (HE, 144X) 



usually contain nuclear and, rarely, 
cytoplasmic inclusions.2,3,4    
 
CDV may enter the brain via infected 
mononuclear cells trafficking through the 
blood-brain-barrier, which results in local 
virus release and subsequent infection of 
resident epithelial and endothelial cells. 
Choroid plexus cells and brain vessels cells 
are firstly infected. Once inside the brain, the 
virus spreads via the cerebrospinal fluid 
(CSF), where it may infect ependymal lining 
cells of the ventricles and ultimately glial 
cells and neurons. Astrocytes are the main 
cell population infected by CDV, whereas 
neuronal infection is more prominent during 
the early phase and most prominent in 
distemper polioencephalitis. Oligo-
dendroglial infection by CDV has been 
inconsistently documented.4  
 
There are two recognized stages in the 
development of CDV-induced de-
myelination. In acute demyelinating lesions, 
there is massive down-regulation of myelin 
transcription and metabolic impairment of 
the myelin-producing cells, but there is no 
evidence that oligodendrocytes are 
undergoing apoptosis or necrosis. It has been 
suggested that CDV induced microglial cell 

activation could contribute to 
oligodendrocyte/myelin damage. Although 
perivascular inflammation is entirely lacking, 
some CD8+ cells are found in acute 
demyelinating lesions. The invasion of these 
cells might be triggered by microglial cell 
activation. Metalloproteinases and their 
inhibitors also appear to be strongly 
upregulated in the acute stage. Six to seven 
weeks post-infection, perivascular 
inflammation with lymphocytes, plasma cells 
and monocytes is detected. This in-
flammation, together with the demyelinating 
lesions leads to progression of tissue damage. 
Pro-inflammatory cytokines are markedly 
upregulated, whereas anti-inflammatory 
cytokines remain at normal levels. Chronic 
inflammatory demyelination is due to a 
bystander mechanism resulting from 
interactions between macrophages and 
antiviral antibodies.6  
 
Contributing Institution:  
Departamento de Patología (Pathology 
Department). Facultad de Medicina 
Veterinaria y Zootecnia, Universidad 
Nacional Autónoma de México. Mexico 
City, Mexico. 
http://fmvz.unam.mx/fmvz/departamentos/p
atologia/acerca.html 

2-3.  Cerebellum, dog: Higher magnification of the area of rarefaction demonstrates axonal loss with swelling and 
coalescence of myelin sheaths, numerous infiltrating foamy Gitter cells, and low number of gemistocytic astrocytes (arrows).  
(HE, 400X) 



 
JPC Diagnosis: 
Cerebellum and brainstem:  Demyelination, 
multifocal to coalescing, moderate, with 
gliosis and astrocytic intranuclear 
inclusions. 
 
JPC Comment:  
The contributor provides an excellent 
thorough explanation of the pathogenesis and 
variety of lesions associated with canine 
distemper virus (CDV), a morbillivirus that 
infects numerous domestic and wildlife 
species. 
 
A novel strain of CDV named "American-4" 
was recently identified following an in-
creased number of cases of CDV that were 
seen at the University of Tennessee, 
including vaccinated dogs. A subsequent 
study found 77% of CDV positive raccoons 
and gray foxes in Tennessee to be infected 
with this strain.8 Another study found serum 
antibody titer responses to this strain did not 
increase following vaccination in dogs 
despite increased responses to the vaccine 
strain.  Cross-protection was titer-dependent 
with higher titers required for adequate 
protection, suggesting decreased cross-
protection against this emergent strain, likely 
as a result of antigenic strain differences.7      
 

Domestic species are important reservoirs of 
CDV throughout the world and can be a 
source of wildlife exposure to CDV.  Wildlife 
species in turn are also frequently implicated 
as the source of CDV outbreaks in both 
domestic and non-domestic species, and 
often serve as intermediate hosts of CDV.8 

 

One such outbreak occurred in 2016 at a 
private east Tennessee zoo, resulting in the 
first pathologic description of the virus in 
sloths.  Five of eight wild caught 2-toed 
sloths (Choloepus didactylus) died while 
completing a 15-month quarantine following 
a 2-3 week history of hyporexia, lethargy, 
and oronasal discharge.  Common gross 
findings included multifocal crusts and ulcers 
within the oral cavity, lips, and nares, which 
corresponded to discrete eosinophilic intra-
nuclear and intracytoplasmic inclusion 
bodies in epithelial cells observed during 
microscopic examination.  In addition, neut-
ronphilic, necrotizing, bronchointerstitial 
pneumonia was present in all cases with 
syncytial cells seen within the bronchiolar 
epithelium.8 

 
A striking feature noted in this brief report 
was that each animal was also affected by 
hepatic necrosis with numerous viral 
inclusions observed within hepatocytes, 
which is not typically seen in domestic 
canines and nondomestic carnivores.8  

2-5. Cerebellum, dog.  Occasional astrocytes contain a 
single 2-3 μm eosinophilic intranuclear viral inclusion.  
(HE, 400X). 

2-4. Cerebellum, dog.  Adjacent to the area of 
demyelination and rarefaction, Purkinje cells are 
segmentally lost and there is a significant decrease in 
nuclei in the granular cell layer.   



 
No sloths had gross or histologic lesions in 
the central nervous system (CNS); however, 
CDV antigen was found to be present within 
meningeal vessels, choroid plexus, and 
ependyma.  It is possible no CNS lesions 
were observed given that all affected animals 
had severe systemic disease and insufficient 
time may have elapsed prior to death for their 
development.8 

 
Virus isolation and sequencing of tissue from 
one affected sloth determined it was infected 
with the American-4 strain of CDV.  
Although the sloths were housed indoors, it is 
possible transmission occurred as the result 
of exposure to organic material or other 
fomites exposed to wildlife.8 

 
Interestingly, three of four adult kinkajous 
(Potos flavus) housed in the same building 
died after developing similar clinical signs.  
CDV was confirmed via polymerase chain 
reaction (PCR) in one animal.  Similar to the 
sloths, none had CNS lesions and one had 
hepatic necrosis and intranuclear inclusions 
in hepatocytes.  Virus isolation sequencing 
was not performed although the most likely 
etiology in this case was also the American-4 
strain of CDV. 8 

 

Conference participants observed and 
discussed the loss of Purkinje cells and up to 
50% of granular cells in areas adjacent to 
folial demyelination.  This finding is not 
classically described in regard to CDV.  It is 
possible these cells were lost due to the virus' 
tropism for astrocytes and subsequent 
changes in the neuropil microenvironment.  
Astrocytes perform many roles within the 
CNS, including regulation of ionic exchanges 
between cells and the formation of functional 
connections by production of molecules that 
are tropic for other specialized cells of the 
CNS.1   
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CASE III: 31712 (JPC 4153553)  
 
Signalment:  
Male, howler monkey, Alouatta spp. (age 
unknown) 
 
History:  
Multiple free ranging neotropical primates 
were found dead in the state of Rio de 
Janeiro, Brazil during the last outbreak of 
yellow fever (YF). All primates found dead 
were submitted to necropsy and YF diagnosis 
as a part of the YF epizootic surveillance 
program of the Brazilian Ministry of Health. 
From 1,304 primates, 56 were considered 
positive for YF by real time RT-PCR from 
the official diagnostic laboratory. Several 
non-human primate species tested positive 
for YF, including Alouatta sp., Callithrix sp., 
Sapajus sp., Callicebus sp. and Leontho-
pitecus sp.  
 
The slide presented here is from a howler 
monkey (Alouatta sp.) found dead in a rural 
area in the State of Rio de Janeiro, Brazil. 
 
Gross Pathology:  
No data available. 
 
Laboratory results:  
Yellow Fever RNA was detected in tissue 
samples by Real Time RT-PCR performed by 
the official diagnostic laboratory. 
 
Microscopic Description:  
Liver: diffuse severe hepatocyte coagulative 
necrosis with a few remaining hepatocytes in 
the portal and central zones with mild 
intracytoplasmatic vacuoles (compatible 
with lipidosis). Multifocal mild lympho-
histioplasmacytic portal infiltrate with a few 
neutrophils.  
 
Lungs: mild multifocal areas of alveolar 
septum thickening with a lymphohistiocytic 
infiltrate. Mild multifocal edema and 

hemorrhage within the alveolar lumen. Mild 
multifocal antracosis.  
 
Kidney: mild multifocal lympho-
histioplasmacytic interstitial infiltrate. Few 
glomeruli with mesangial thickening and 
mesangial cells proliferation.  
 
Heart: mild focal lymphohistiocytic infiltrate 
in the myocardium.  
 
Spleen and brain with no significant 
histological lesion. 
 
Contributor’s Morphologic Diagnoses:  
Liver: diffuse severe acute necrotizing 
hepatitis with mild lipidosis. 
 
Lungs: mild multifocal lymphohistiocytic 
interstitial pneumonia with mild multifocal 
edema and hemorrhage. 
 
Kidney: mild multifocal lympho-
histioplasmacytic intersticial nefritis with 
mild multifocal membranoproliferative 
glomerulopathy.  
 
Heart: mild focal lymphohistiocytic 
myocarditis.  
 
 
 

3-1.  Liver, howler monkey.  Two sections of liver are 
submitted for examination.  At subgross magnification, 
a retiform pattern of pallor sparing portal areas is 
present in both sections. (HE, 5X) 



Contributor’s Comment:   
Yellow fever is an important zoonotic disease 
related to death of both human and non-
human primates. YF is a mosquito-borne 
hemorrhagic disease transmitted to a 
susceptible host by Haemagogus sp. and 
Sabethes sp., or Aedes aegypti, in the sylvatic 
or urban environments, respectively.9 The 
disease is considered endemic in the 
Brazilian Amazon region; however, 
outbreaks occur in non-endemic areas, as the 
most recent one which happened mainly in 
the southeastern region from 2016 to 2018, 
with more than one thousand human cases 
and 35.1% case fatality rate.4,6  
 
Neotropical primates are susceptible to YF 
infection and this disease became an 
important concern for conservation of free-
ranging populations.1,5,19 Monitoring the 
occurrence of YF in non-human primates is 
part of the Epizootic Surveillance Program of 
the Brazilian Ministry of Health acting as an 
early warning to viral circulation because 
death of non-human primates usually 
precedes YV human cases.3,11,16,19 The 
official diagnosis is made by reference 
laboratories and it is based on real time RT-
PCR and/or immunohistochemistry from 
samples of liver, spleen, kidney, heart, lungs, 
and brain.16 

 
Information about microscopic changes 
associated with YF in non-human primates 
are limited, including both natural and 
experimental infection.7,8,11 Even with scarce 
information, there is evidence of differences 
in susceptibility for different neotropical 
primates. Briefly, Alouatta sp. and Callithrix 
sp. are considered susceptible to YF while 
Sapajus sp. are resistant.1,9,11,19 Recently, 
these differences of susceptibility were 
associated with histopathological patterns of 
changes, demonstrating that Alouatta sp. 
develop a severe necrotizing hepatitis while 
Callithrix sp., a reported susceptible specie, 
showed minimal hepatic injuries.15 Another 
recent study demonstrated that Callithrix sp. 
had less viral load than other primates, such 
as Alouatta sp. and Sapajus sp. 4 
 
Yellow fever virus affects mainly the liver of 
infected hosts, causing necrosis/apoptosis of 
hepatocytes as the most relevant lesion 
typically affecting primarily midzonal 
hepatocytes.14 This pattern of distribution is 
associated with viral tropism and was 
described in human and non-human primates, 
including free-ranging naturally infected 
neotropical primates and experimentally 
infected Rhesus monkeys.1,14,15,17  
 
Another hepatic injury observed in these 
cases was lipidosis, which has been reported 
in both human and neotropical pri-
mates.6,14,15,20 Inflammatory infiltrate is 
usually mild during YF infection, mostly 
because of the transforming growth factor 
beta (TGF-β), an inductor of apoptosis that 
also acts as an anti-inflammatory cyto-
kine.11,14,19 Acute tubular necrosis causing 
renal failure is a major complication 
associated with human fatal cases of yellow 
fever, however this is not an important lesion 
associated with primate infection.10,11,15  
 

3-2.  Liver, howler monkey.  At higher magnification, 
there is coagulative necrosis of centrilobular and 
midzonal hepatocytes.  Necrotic hepatocytes are 
eosinophilic and swollen with loss of nuclei, and their 
cytoplasm retains lipid droplets and well-defined 
cytoplasmic cytosegrosomes (Councilman bodies).  (HE, 
186X) 



The case reported here was part of a recent 
study15 that demonstrated histopathological 
patters in different species of neotropical 
primates naturally infected with the yellow 
fever virus. The pattern observed in the liver 
of Alouatta sp. is associated with severe 
hepatic failure caused by loss of most of the 
hepatocytes. Histologically, primates of this 
specie showed severe hepatocyte necrosis, 
mainly of the midzonal region expanding to 
the portal and central regions of the hepatic 
lobule. 
 
Contributing Institution:  
Escola de Veterinária, Universidade 
Federal de Minas Gerais – www.vet.ufmg.br 
 
JPC Diagnosis:   

Liver:  Hepatocellular degeneration and 
necrosis, centrilobular and midzonal, 
diffuse, severe, with Councilman bodies and 
intracytoplasmic lipid. 

 
JPC Comment:  
The contributor provides an excellent 
overview of yellow fever, the most severe of 
five arboviruses that have emerged or 
continually reemerge over recent decades in 
the Americas.  The other four arboviruses 
include dengue, West Nile, Chikungunya, 
and Zika.13 

 
Yellow fever is flavivirus that likely 
originated in Africa and was imported to the 
Americas during the 1600s along trans-
Atlantic trade routes.13,14,7  The virus was 
responsible for hundreds of thousands of 
deaths throughout the 18th and 19th centuries, 
including 10% of the population of 
Philadelphia in 1793, the United States 
capital at the time.  Nearly a century later, 
Cuban epidemiologist Carlos Finlay first 
proposed the disease was mosquito-borne, 
which was verified by US Army physician 
Walter Reed and the Yellow Fever 

Commission in 1900.  Subsequent mosquito 
control and sanitation efforts essentially 
eliminated yellow fever from the United 
States and non-endemic areas of the 
Americas.13   
 
In 1937, virologist Max Theiler developed a 
vaccine still in use today that provides 
lifetime immunity in up to 99% of vaccinated 
individuals.13,19  Theiler was awarded the 
1951 Nobel Prize in Physiology or Medicine, 
the first and only Nobel Prize given for the 
development of a vaccine. Interestingly, Max 
Theiler's father was Sir Arthur Theiler, a 
Swiss veterinarian and researcher who also 
made significant contributions in the realm of 
scientific discovery.19 

 
Yellow fever was substantially suppressed 
though the combination of vector control, 
sanitation, and vaccination campaigns; 
however, the virus continues to persist due to 
a sylvatic transmission cycle maintained 
between forest mosquitos (Haemagogus sp. 
and Sabethes sp.) and susceptible non-human 
primates. Periodically, the virus becomes re-
introduced into the human population (i.e. 
urban cycle) and is readily transmitted by the 
vector Aedes aegypti, resulting in outbreaks. 
These outbreaks occur in parts of Africa and 
Central and South America, resulting in an 
estimated 84,000 to 170,000 severe cases and 
29,000 to 60,000 related human deaths per 
year.13   
 

3-3  Liver, howler monkey.  Higher magnification of 
necrotic centrilobular and midzonal hepatocytes.  (HE, 
452X) 



In South America, outbreaks occur every 5 to 
10 years.  Human cases are preceded by a rise 
in nonhuman primate cases, which is due to 
an increased susceptibility of the nonhuman 
primate population.14 Both old and new 
world primates are susceptible to yellow 
fever; however, new world primates are 
particularly susceptible, especially howler 
monkeys (Alouatta sp.).14 In this context, 
highly susceptible nonhuman primate species 
likely play an important role in amplifying 
the virus and therefore infecting large 
numbers of invertebrate vectors. Therefore, 
monitoring the occurrence of yellow fever in 
nonhuman primates serves as an early 
warning to viral circulation in a given area, 
which facilitates identification of exposed 
human populations and use of targeted 
vaccination programs, as a preventive 
measure.14  
 
In contrast, animals that develop a mild 
yellow fever virus infection and long-lasting 
immunity, including resistant new world 
primates, probably suppresses circulation of 
yellow fever virus between outbreaks.14 As 
noted by the contributor, yellow fever is 
classified as a viral hemorrhagic fever.  
Although much attention has been paid to the 
hepatic pathology of viral hemorrhagic 
fevers, and abnormal liver function tests are 
common, clinically significant liver disease 

and death from liver failure are rare except in 
yellow fever. Disseminated intravascular 
coagulation and depletion of vitamin-K 
dependent clotting factors due to decreased 
production as the result of hepatic necrosis 
contribute to the recognized bleeding 
diathesis.22 

 

Apoptotic hepatocytes were first clearly 
described in yellow fever by William 
Thomas Councilman and therefore have 
often been referred to as "Councilman 
bodies". Although apoptosis occurs in many 
forms of liver disease, by convention this 
eponym is restricted to use in regard to 
yellow fever.9     
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CASE IV:  19-355 (JPC 4161131)   
 
Signalment:  
3-month-old, castrated male, Holstein-
Friesian ox (Bos taurus) 
 
History:  
The calf arrived at the barn late November as 
part of an artificial heart preclinical trial. On 
arrival, it had a dry cough and wheezes in the 
right cranioventral lung, but no ocular or 
nasal discharge. The calf had received a dose 
of tildipirosin antibiotic from the vendor. 

4-1.  Lung, calf.  A sharply demarcated 2.5x3x1.5 cm 
region in the cranial aspect of the caudal left lung lobe is 
distinctly dark red and depressed (atelectasis). (Photo 
courtesy of:  Penn State College of Medicine, 
https://med.psu.edu/comparative-medicine ) 

https://med.psu.edu/comparative-medicine


Later that afternoon, the staff noticed the calf 
appeared to have a weird breathing pattern 
and was using abdominal effort, so the calf 
was placed on report, and a veterinarian 
checked on it once a day. It did have an 
abdominal effort to its breathing, but the 
calf's respiratory rate was within normal 
limits, with a normal temperature. There was 
no change in the severity of the wheezes. One 
week after arrival, the calf received a dose of 
ceftiofur antibiotic to the base of its left ear 
and was moved from the receiving barn to the 
calf room. Two days later, the calf was put 
under isoflurane anesthesia to receive 
bilateral jugular catheters and remove the 
growth hormone implant in its right ear in 
preparation for the longer artificial heart 
implantation surgery. Induction and ane-
sthesia went smoothly. However, it took a 
while for the calf to breathe on its own so that 
it could be extubated. When the calf was 
extubated, there was a brief period where it 
seemed to be in respiratory distress, despite 
pulse oximeter oxygen levels within normal 
limits. When the calf was standing on its own, 
it was taken back to the calf room, where it 
ate grain. About an hour later, the calf began 
to show signs of respiratory distress (open 
mouth breathing, increased abdominal 
effort). The calf was given supplemental 
oxygen through a nasal cannula, and blood 
gas showed severe respiratory acidosis. It 
was administered intravenous furosemide 
and steroids. The calf did not show any 
significant improvement with treatment and 
was a poor surgical candidate. The laboratory 
elected humane euthanasia.  
 
Gross Pathology:  
Upon opening the chest, a 2.5x3x1.5 cm 
region in the cranial aspect of the caudal left 
lung lobe is sharply and distinctly dark red 
and depressed (atelectasis). Up to 20% of the 
right cranial and middle lung lobes are also 
dark red and consolidated. When bisected, 
the consolidated tissue has a faint tan-
lobulated pattern. A tracheobronchial lymph 

node near the region of lung consolidation on 
the right side is 1.7 mm-diameter and dense. 
The trachea diffusely contains adherent and 
free strands of tan fibrillary material and has 
a roughened surface. 
 
The cranial pole of the right kidney contains 
two multiloculated, yellow translucent fluid-
filled, thin-walled spaces (renal cysts) 
concentrated on the renal pelvis/collecting 
ducts of the affected lobules. The first is 
5x5x4.5 cm, and the second is 2x1x1 cm. The 
left kidney and remaining organs are grossly 
within normal limits. The rumen contains hay 
and less abundant grain. The intestines are 
filled with green-brown digesta.  
 
Laboratory results:  
Bacterial culture: 
Aerobic bacterial culture of the tracheal 
mucosa failed to grow bacteria. 
 
Virus isolation:  
The lung was positive for bovine coronavirus 
(BCoV) but negative for bovine 
parainfluenza 3 (PI3), bovine respiratory 
syncytial virus (BRSV), and infectious 
bovine rhinotracheitis virus (IBR)/bovine 
herpes virus (BHV1).  
 

4-2.  Lung, calf.  An impression smear of the cut section of 
lung demonstrates numerous intact neutrophils admixed 
with foamy macrophages.  (Lung, calf.  A sharply 
demarcated 2.5x3x1.5 cm region in the cranial aspect of 
the caudal left lung lobe is distinctly dark red and 
depressed (atelectasis). (HE, 7X) (Photo courtesy of:  Penn 
State College of Medicine, 
https://med.psu.edu/comparative-medicine ) 

https://med.psu.edu/comparative-medicine


Cytology: 
The highly cellular slide was stained with 
Diff-Quik. It contained myriads of viable and 
degenerate neutrophils, eosinophilic cellular 
debris, abundant light blue streaming 
material (mucous), and many alveolar 
macrophages on a background of numerous 
red blood cells (peripheral blood). The 
macrophages often had basophilic, foamy 
cytoplasm and contained cellular debris. 
There were rare, sloughed, ciliated 
bronchiolar epithelial cells. 
 
Interpretation: Suppurative pneumonia 
 
Microscopic Description: 
Lung. 100% of the alveolar spaces are 
completely or partially collapsed, with the 
most intense regions surrounding bronchi or 
bronchioles (atelectasis). Airways contain 
abundant neutrophils and fewer macrophages 
along with eosinophilic cellular debris and 
degenerate epithelial cells that lack 
cytoplasmic and nuclear detail. The bron-
chiolar and bronchial epithelium contains 
dozens of scattered neutrophils and fewer 
macrophages that extend into the surrounding 
alveolar walls and alveolar spaces (broncho-
pneumonia). Peribronchiolar lymphoid tissue 
is prominent (lymphoid hyperplasia) 
throughout the section with additional clear 

space (edema), and abundant apoptotic 
lymphocytes and tingible body macrophages. 
 
Contributor’s Morphologic Diagnoses:  
Lung: Bronchointerstitial pneumonia, 
regionally extensive, subacute, moderate-
severe, suppurative with mild lymphoid 
hyperplasia.  
 
Contributor’s Comment:   
Bovine coronavirus (BCoV) was isolated 
from the affected areas of lung.  BCoV is a 
single-stranded, positive-sense RNA 
Betacoronavirus in the family Corona-
viridae.5 It is an important cause of enteric 
disease in young calves that can also induce 
respiratory disease.1,4 BoCV is shed in feces 
and nasal secretions. Wildlife such as deer, 
waterbuck, elk, and water buffalo are 
possible reservoirs since they harbor 
coronaviruses that are closely related to 
BCoV.4 BCoV respiratory infections are 
exacerbated by stress or respiratory 
coinfections and may be observed with 
diarrhea.4 Respiratory disease outbreaks 
caused by BoCV are relatively common and 
mostly occur during winter months. A 
Belgium study found BoCV was one of the 
most frequently isolated respiratory viruses 
in young calves (38.4%), followed by bovine 

4-3.  Lung, calf.  Two sections of lung display diffuse 
hypercellularity with loss of alveolar architecture 
(atelectasis) as well as prominent BALT hyperplasia and 
widening of interlobular septa. 

4-4 Lung, calf.  There is diffuse filling of alveoli by 
innumerable intact neutrophils and foamy alveolar 
macrophages (left).  At right, alveolar septa are 
discernable – they are congested and contain numerous 
circulating neutrophils which help in their identification 
(in many areas of the section, it is a solid sheet of 
inflammatory cells.)  (HE, 400X) 



respiratory syncytial virus, and parainfluenza 
virus type 3.2 Coinfection of BCoV with 
bovine viral diarrhea virus or Histophilus 
somni may play an essential role in the 
pathogenesis of bovine respiratory disease.3,6 
Therefore, the presence of BCoV likely 
increased the calf's susceptibility to 
developing suppurative pneumonia by 
damaging the tracheal epithelium and 
mucociliary apparatus. No bacteria were 
cultured from the tracheal swab. However, 
the calf had a dose of antibiotics three days 
before necropsy that may have decreased the 
bacterial load in the trachea. The enlarged 
lymph node near the condensed section of the 
right lung is suggestive of lymph node 
activation secondary to pneumonia. 
Additional differential diagnoses for BoCV 
respiratory infections in young calves include 
bovine parainfluenza 3 (PI3), bovine 
respiratory syncytial virus (BRSV), and 
infectious bovine rhinotracheitis virus 
(IBR)/bovine herpes virus (BHV1).  
 
The renal cyst isolated to one pole of the 
kidney is considered an incidental finding. 
The cyst appeared to originate from the 
collecting duct or distal nephron based on its 
epithelial lining. No evidence of collecting 
duct obstruction was identified.1 The 
lymphocyte apoptosis is consistent with the 
dose of exogenous steroids administered 
before death during the period of respiratory 

distress. The localized infection of the skin 
and subcutaneous tissue at the base of the 
scrotum is common in calves castrated using 
elastic bands and would have healed with 
time and supportive care. 
 
Contributing Institution:  
Penn State College of Medicine, 
https://med.psu.edu/comparative-medicine 
 
JPC Diagnosis:  
Lung:  Pneumonia, bronchointerstitial, 
suppurative, and histiocytic diffuse, severe, 
with marked BALT hyperplasia. 

 
JPC Comment:  
The contributor provides a concise review of 
bovine coronavirus (BoCV), systems 
affected, and predisposing factors of this 
entity.  
 
In addition to calf diarrhea and calf 
respiratory disease, BoCV is also associated 
with a third clinical syndrome known as 
“winter dysentery”.  Calf diarrhea caused by 
BoCV typically affects animals less than one 
month of age and is associated with declining 
maternal antibodies.  Epithelial cells of the 
distal small and large intestines and colon are 
infected, resulting in villous atrophy and 
crypt hyperplasia.  Following an incubation 
period of 3-4 days, calves develop severe 
malabsorptive diarrhea that persists for 2-8 
days and associated with progressive 
dehydration, acidosis, hyperkalemia, hypo-
glycemia, and may progress to circulatory 
collapse and death.  BoCV is interestingly 
found in both the intestinal and upper 
respiratory tract of most infected diarrheic 
calves at necropsy, consistent with con-
current fecal and nasal shedding.  The disease 
is more prevalent in winter and tends to recur 
annually on the same farms, indicating 

4-5 Lung, calf:  Airways are surrounded by marked BALT 
hyperplasia, and contain refluxed exudate from the 
surrounding alveoli.  Lining epithelium in intact and in 
excellent shape.  (HE, 152X) 

https://med.psu.edu/comparative-medicine


reservoirs for infection within a herd may 
include subclinical infected calves or cows.4 

Winter dysentery, in contrast to calf diarrhea, 
affects adult dairy and beef cattle as well as 
captive wild ruminants.4 This acute disease is 
characterized by hemorrhagic diarrhea, ano-
rexia, and is predominantly seen in young 
postpartum dairy cows, resulting in sig-
nificantly decreased milk production. 1,4 
Similar to calf diarrhea, winter dysentery is 
also frequently associated with respiratory 
signs.  Intestinal lesions are similar to those 
of calf diarrhea with high morbidity and low 
mortality rates of 20-100% and 1-2%, 
respectively.1,4 Despite the name "winter 
dysentery", this condition occurs in both cold 
and warm seasons.1   

Respiratory disease caused by BoCV affects 
both calves (2-6mo) as well as young adult 
feedlot cattle (6-10mo).  Uncomplicated 
cases typically exhibit mild respiratory 
disease, such as coughing and rhinitis.  
However, BoCV is recognized as one of 
many potential inciting factors in the 
development of bovine respiratory disease 
complex (BRDC), a multifactorial disease 
that predominately affects 6 to10-month-old 
feedlot cattle, also known as “shipping 
fever”.  The disease complex consists of 
interactions between viral, environmental, 
and host stress factors that create a 
permissive environment for bacterial 
infection, resulting in severe respiratory 
disease characterized by fever, dyspnea, and 
inflammatory and necrotizing pulmonary 
lesions leading to broncho(interstitial) 
pneumonia, weight loss, and often death.4  
Etiologies associated with BRDC include, 
but are not limited to, viruses such as bovine 
respiratory syncytial virus, parainfluenza-3, 
bovine herpes virus-1 (infectious bovine 
rhinotracheitis), reovirus, rhinovirus, and 

BoCV, as well as the bacterial etiologies 
Histophilus somni, Mannheimia 
haemolytica, Pasteurella multocida, 
Bibersteinia trehalosi, Mycoplasma 
mycoides spp mycoides small colony type 
(contagious bovine pleuropneumonia), and 
Mycoplasma bovis.1 

Since the first human coronavirus (HCoV) 
was discovered in the 1960s within the nares 
of patients with the common cold, seven 
species have since been discovered in 
humans that lead to either mild or lethal 
respiratory disease depending on the strain 
type and patient's condition. HCoV-229E, 
HCoV-OC43, HCoV-NL63, and HCoV-
HKU1 are typically associated with mild 
respiratory disease while SARS-CoV, 
MERS-CoV, and SARS-CoV-2 are 
associated with higher mortality rates (9.2%, 
34%, and 2.9-12.6% respectively).6   

These viruses typically originate in a natural 
host, such as a bat.  However, an intermediate 
host is the typical source of zoonotic 
transmission.  An intermediate host of SARS-
CoV-2 has not yet been identified; however, 
analysis of samples obtained from Malytan 
pangolins in China indicate they are potential 
intermediate hosts for SARS-CoV-2.6  

Although coronaviruses predominately cause 
respiratory disease in humans, different host 
receptors are targeted.  As an example, 
SARS-CoV-2 first binds to ACE2 on the host 
cell surface through the S1 subunit and then 
fuses viral and host membranes through the 
S2 subunit, whereas MERS-CoV recognizes 
dipeptidyl peptidase 4 (DPP4; also known as 
CD26).6 

It is unlikely SARS-CoV-2 will be the last 
novel coronavirus to infect humans given the 
trend observed since the 1960s.  However, 
the robust research and scientific discovery 



associated with the current pandemic will 
contribute toward better understanding of 
novel species encountered in the future.6   
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1.  What is the proposed route of infection of the Borna disease virus in mammals? 

a. Traumatic inoculation in the gingiva 

b. Ingestion of infected prey 

c. Inhalation 

d. Ingestion of milk from an infected dam  

 

2. The only confirmed reservoir of the Borna Disease virus is a: 

a. Shrew 

b. Starling 

c. Fox 

d. Vole 

 

3. In the brain, which of the following cells is infected first by canine morbilllivirus? 

a. Endothelium 

b. Oligodendroglia 

c. Neurons 

d. Astrocytes 

 

4. Which of the following cytokine exerts an anti-inflammatory effect in acute yellow-fever? 

a. IL-12 

b. TNF-beta 

c. !L-14 

d. Interferon gamma 

 

5. In addition to respiratory disease, bovine coronavirus can result in what other disease form in 

calves? 

a. Renal disease 

b. Nervous disease 

c. Enteric disease 

d. Hepatic disease 
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CASE I:R46-18-5 (JPC 4134356)     
 
Signalment:  
Adult domestic shorthair cat (Felis catus) 
 
History:  
A feral cat, trapped for spay, neuter and 
release was euthanized due to FIV positive 
status. The cat was submitted to the 
parasitology department of Ross University 
School of Veterinary medicine for nematode 
collection. Colonic nodules, seen during 
nematode collection, were excised and 
submitted to the pathology department for 
histological evaluation. 
 
Gross Pathology:  
There were multiple large (4-8mm in 
diameter), slightly raised, pale tan nodules in 
the colonic wall. The nodules appeared to be 
located in the submucosa, and were visible 
from both the serosal and mucosal surface. 
Small pits or depressions were seen on the 
mucosal surface of the nodules. 
 
Laboratory results:  
No laboratory findings reported.  
 
Microscopic Description: 
Colon. Expanding the submucosa, and 
elevating the mucosa, are several 4-8mm in 
diameter, discrete nodules composed of 
tubules of herniated hyperplastic mucosal 

epithelial cells. The latter form branching 
tubules, surrounded and separated by 
lymphocytes, plasma cells and occasional 
macrophages admixed with adult nematodes, 
eggs, and larvae. Occasionally tubules 
contain protein or necrotic cell debris. Adult 
nematodes and eggs are also within tubules. 
Occasionally larvae are within the tubules 
and interstitium of the overlying mucosa. 
Adult females are approximately 110µm in 
diameter and have platymyarian musculature, 
paired genital tracts, and intestine composed 
of uninucleate cells. Larvae are 
approximately 15-20µm in diameter. A 
rhabditiform esophagus is rarely identified 
within larvae. Eggs are ovoid, 30x50µm in 

Figure 1-1. Colon, cat.    Multiple discrete pale 4-8mm 
nodules are scattered within the colonic wall.  (Photo 
courtesy of: Ross University School of Veterinary 
Medicine, PO Box 334, Basseterre, St. Kitts, 
https://veterinary.rossu.edu/) 
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diameter and contain morulae or larvae.  The 
overlying mucosa is attenuated and mildly 
eroded.  
 
Contributor’s Morphologic Diagnoses:  
Multifocal colonic epithelial nodular 
hyperplasia and lymphoplasmacytic colitis 
with intralesional Strongyloides sp. adults, 
eggs and larvae.  
 
Contributor’s Comment:  
Strongyloides is a genus of nematode with a 
complex life cycle involving free living adult 
stages in the environment and intestinal 
parasitism of a wide variety of host species. 
The most important veterinary species are S. 
papillosus in ruminants, S. westerii in horses, 
S. ransoomi in swine and S. stercoralis in 
dogs, cats, humans and non-human primates, 
and S. felis, S. planiceps and S. tumefaciens 
in cats.5   
 
Hosts become in-
fected by percu-
taneous pene-
tration, or inge-
stion, by third 
stage filariform 
larvae (L3), 
which migrate to 
the intestine, typ-
ically through the 
lungs.5  L3 devel-
op into adult, 
parthenogenetic 

females, typically localized within small 
intestinal mucosa, and reproduce asexually 
releasing eggs or first stage rhabditiform 
larvae (L1) in the feces. Environmental L1 
can develop directly into infectious L3 
larvae, or into free-living adult males or 
females which produce eggs and larvae by 
sexual reproduction. Likewise, their progeny 
may either develop into new generations of 
infectious L3 larvae or noninfectious free-
living adults. Further-more, at least in S. 
stercoralis, L1 can develop to L3 within the 
intestine, and migrate through the intestinal 
wall, back to the small intestine to complete 
a new parasitic cycle within the same host 
(autoinfection).5  Most infections are prob-
ably asymptomatic, but diarrhea and rarely 
death, can be associated with Strongyloides 
infection in young animals.5 
 
Strongyloides sp. within colonic nodular 
epithelial hyperplasia was first described in 
two US cats, by Price and Dikmans 1927,4 
and later in a few case reports from the 
United States1,2 and Brazil.3 The pathology in 
all cases, has been similar, with female adult 
Strongyloides only observed within nodules 
in the colonic submucosa, and nodules 
histologically consisting of epithelial cells 
forming tubules, extending into the 
submucosa, supported by stroma infiltrated 
by lymphoid cells, and with sections of 

Figure 1-2. Colon, cat.  A section of colon with an 
enlarged Peyer’s patch (arrow) is submitted for 
examination.  (HE, 5X) 

 

Figure 1-3. Colon, cat. Higher magnification of the Peyer’s patch with deep herniation of 
colonic glands. Just left of center, “ultra-fly” nematode Joe Cool surveys his domain.  (HE, 133X) 

https://paperpile.com/c/LRavz7/6NoH
https://paperpile.com/c/LRavz7/6NoH
https://paperpile.com/c/LRavz7/6NoH
https://paperpile.com/c/LRavz7/6NoH
https://paperpile.com/c/LRavz7/V2YB
https://paperpile.com/c/LRavz7/pAB8+mQz6
https://paperpile.com/c/LRavz7/p9AI
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parasitic female nematodes and larvae 
throughout the tubules and stroma.  
 
The location within colonic nodules, and 
associated pathology (nodular epithelial 
hyperplasia) is atypical for Strongyloides 
spp. in general. For all other species 
described, nematode stages are confined to 
the proximal small intestinal mucosa, and 
associated pathology includes villous 
atrophy, crypt hyperplasia, and eosinophilic 
to lymphoplasmacytic infiltrate in the lamina 
propria.6   

The Strongyloides sp. observed within feline 
colonic nodules was designated as a separate 
species, Strongyloides tumefaciens, by the 
authors who first described it in 1927.4 The 
species designation was based primarily on 
the unusual location and lesion, rather than 
on nematode morphology.  Thus, the validity 
of this species is questionable, and a 
molecular genetic approach to this parasite’s   
identification would seem warranted.  

Contributing Institution:  
https://veterinary.rossu.edu/  
  
JPC Diagnosis:  Colon:  Crypt hyperplasia, 

focal, severe with 
crypt herniation and 
numerous rhabdi-
toid adults, larvae 
and eggs. 
 
JPC Comment:   
The contributor pro-
vides a good review 
of the complex and 
unique lifecycle of 
the genus Stron-
gyloides as well as 
the various species 
infected.  This gen-
us is of significant 
historical signif-

icance, particularly in livestock. However, it 
has been significantly suppressed in recent 
decades, likely due to extensive use of 
macrocyclic lactone anthelmintics and/or 
improved hygiene.5  
 
Also known as threadworms, Strongyloides 
spp. are grouped within the Rhabditoidea 
superfamily and are small (3-8mm), slender 
nematodes discovered over 140 years ago in 
French troops returning from present day 
Vietnam.5,7  Its name is derived from the 
Greek words ‘strongylos’ meaning ‘round’, 
and ‘eidos’ meaning ‘similar’, with the 
intention to show Strongyloides was close to 
the genus Strongylus.   
 
The Strongyloides genus of nematodes 
represent one of the soil-transmitted 
helminthiases (STH), a WHO-recognized 
neglected tropical disease in humans.  Of the 
estimated 30-100 million human infections, 
most are asymptomatic.  However, people 
with an altered immune status, particularly 
because of administration of corticosteroids 
or HTLV-1 infection, can develop more 
intense infections resulting in hyperinfection, 
which can be fatal if not recognized.7 

Figure 1-4. Colon, cat. High magnification of herniated colonic glands, with nematode cross 
sections within their lumina.  (HE, 252X)   

https://paperpile.com/c/LRavz7/6NoH
https://paperpile.com/c/LRavz7/V2YB
https://veterinary.rossu.edu/
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The validity of S. 
tumefaciens as a 
species has re-
cently been called 
into question by a 
2019 report de-
scribing six cats 
with colonic nod-
ules containing 
nematodes that 
based location 
and histologic 
characteristics 
were consistent 
with S. tume-
faciens, such as 
in this case.  However, the report's authors 
determined the nematodes to be S. stercoralis 
based on sequencing analysis of a portion of 
the cytochrome c oxidase subunit 1 (cox1) 
gene.  This report generated dis-cussion 
amongst participants, with the moderator 
advising that genes are largely conserved 
within genera and unique histologic 
characteristics of S. tumefaciens, such as a 
larger egg size, supports S. tumefaciens's 
validity as a species.      
    
S. stercoralis classically results in the 
formation of characteristic nodules in the 
proximal small intestine and is known to 
infect dogs, cats, non-human primates, and 
humans.8 S. felis, and S. planiceps have also 
been described in the proximal small 
intestine while S. tumefaciens has been 
described in the colon.  
 
Each species within genus Strongyloides 
share similar morphologies, however, there 
variations as previously noted.  For example, 
S. stercoralis, S. felis, and S. tumefaciens 
have straight ovaries while S. planiceps has 
spiraled ovaries.  Both S. stercoralis and S. 
felis rhabditiform (L1) larvae are found in the 
feces while larvated eggs are found in the 
feces of animals infected with S. planiceps. 

Parasitic females of each species have a 
bluntly pointed tail.8       
 
The topic of crypt herniation was also 
discussed amongst participants, particularly 
in regard to extension of hyperplastic crypts 
extending into underlying gut associated 
lymphoid tissue (i.e. Peyer's patches or 
GALT). The aforementioned report 
evaluated similar findings associated with 
lymphocytic populations within the lamina 
propria and submucosa. In this report, the 
authors determined via immunohisto-
chemical staining that the majority of cells in 
all Strongyloides-associated nodules were 
immunopositive for CD3 (T-cells) and likely 
indicates these lymphoid nodules are part of 
an efferent T-cell dominated immune 
response against the nematodes rather than 
herniation into preexisting GALT.  However, 
it is also possible that the presence of 
nematodes within GALT downregulates 
signals for B-cells, resulting in altered 
composition of the nodules.  Although this 
phenomenon hasn’t been described in 
Strongyloides spp., other parasites have been 
shown to produce proteins that interact with 
human B-lymphocytes and may play a rule in 
suppression of molecules resulting in 
activation of B-lymphocytes.8  
 

Figure 1-5. Colon, cat. High magnification of a nematode adult female contained within the 
epithelium. The female has a thin cuticle, low platymyarian-meromyarian musculature, a body 
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CASE II: 15-185 (JPC 4090739)    
 
Signalment:  
Adult female koala (Phascolarctos cinereus) 
 
History:  
Hyperkeratotic dermatitis. 
 
Gross Pathology:  
The haired skin over the ventro-medial 
aspects of the forelimbs, the dorsomedial 
aspects of the hindlimbs, and between the 
digits of all four feet is markedly thickened 
with alopecia and crusting (marked 
hyperplastic and hyperkeratotic dermatitis).  
Similar thickening and crusting of the skin 
with fissuring is noted in the perioral and 
perinasal haired skin. 
 
Laboratory results: 
Skin scrapings revealed numerous mites with 
morphologic features consistent with 
Sarcoptes scabiei.  The adult mites measured 
up to 450µm in length with round or globoid 
bodies, very short jointed appendages, a 
posteriorly positioned anus, and numerous 
dorsal triangular spines. 
 
Microscopic Description: 
Haired skin: The epidermis is diffusely 
moderately to markedly thickened by 
irregular epidermal hyperplasia with mild 
intercellular edema (spongiosis), intracellular 
edema, and marked diffuse parakeratotic to 
orthokeratotic hyperkeratosis.  Scattered 
within the thickened stratum corneum are 
numerous intracorneal arthropod mites, small 
to moderate numbers of coccoid bacteria, and 
multifocal to coalescing areas of neutrophilic 
and eosinophilic exudation and crusting.  The 
arthropod mites (up to ~350 µm in greatest 
dimension) have a chitinous exoskeleton with 
dorsal spines, short jointed appendages, 
striated skeletal muscles, and internal 
gastrointestinal and reproductive tracts. The 
underlying superficial perivascular dermis is 

http://paperpile.com/b/LRavz7/mQz6
http://paperpile.com/b/LRavz7/mQz6
http://paperpile.com/b/LRavz7/mQz6
http://paperpile.com/b/LRavz7/pAB8
http://paperpile.com/b/LRavz7/pAB8
http://paperpile.com/b/LRavz7/pAB8
http://paperpile.com/b/LRavz7/pAB8
http://paperpile.com/b/LRavz7/pAB8
http://paperpile.com/b/LRavz7/pAB8
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
http://paperpile.com/b/LRavz7/p9AI
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http://paperpile.com/b/LRavz7/V2YB
http://paperpile.com/b/LRavz7/V2YB
http://paperpile.com/b/LRavz7/V2YB
http://paperpile.com/b/LRavz7/V2YB
http://paperpile.com/b/LRavz7/V2YB
http://paperpile.com/b/LRavz7/V2YB
http://paperpile.com/b/LRavz7/6NoH
http://paperpile.com/b/LRavz7/6NoH
http://paperpile.com/b/LRavz7/6NoH
http://paperpile.com/b/LRavz7/6NoH
http://paperpile.com/b/LRavz7/6NoH
http://paperpile.com/b/LRavz7/6NoH
http://paperpile.com/b/LRavz7/6NoH
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infiltrated by small numbers of neutrophils 
admixed with very small numbers of 
lymphocytes, plasma cells, macrophages, 
mast cells, and rare eosinophils.  The 
superficial dermal and mid-dermal blood 
vessels are diffusely congested. In some 
sections (facial skin), the epidermis contains 
areas of erosion and ulceration (possible 
excoriations) with marked local 
fibrinosuppurative exudation and crusting 
and underlying superficial dermal edema. 
 
Contributor’s Morphologic Diagnoses: 
Haired skin:  Severe, diffuse, subacute to 
chronic, neutrophilic and hyperplastic 
dermatitis, with marked parakeratotic to 
orthokeratotic hyperkeratosis, neutrophilic 
exudation and crusting, moderate to large 
numbers of superficial coccoid bacteria, and 
numerous intracorneal mites (Sarcoptes 
scabiei, presumed). 
  
Contributor’s Comment:  
Sarcoptic mange (referred to as scabies in 
humans) is a highly contagious skin disease 
caused by the parasitic mite, Sarcoptes 
scabiei. Sarcoptic mange has a broad host 
range and has been reported in over 100 
species of animals including domestic dogs, 
livestock (e.g., cattle, pigs, goats, camelids), 
and wildlife (e.g., red foxes, wild dogs, 

coyotes, wolves, dingoes, deer, ibex, 
cheetahs, lions, bobcats, gorillas, wombats, 
koalas and wallabies).2,6 Sarcoptic mange is a 
major disease of Australian wildlife, 
particularly in wombats (bare-nosed/ 
common and southern hairy-nosed), which 
also impacts humans, domestic animals, and 
other Australian wildlife.2 Reports of the 
disease were previously rare in koalas but 
more recently several outbreaks of sarcoptic 
mange have been observed in Australia (Dr. 
Lucy Woolford, personal obs.).7  
 
Sarcoptic mites parasitizing the various host 
species are largely morphologically indis-
tinguishable, thus it is unclear if the mites 
parasitizing different mammalian host 
species are different species or if they are 
strains or variants (pathovars) of one 
species.2,6 Some strains appear to parasitize a 
single host species while others parasitize 
multiple host species (e.g., dogs and rabbits), 
and infestations from prey-to-predator appear 
to occur in some ecosystems.1,6 Cross-
infestations between different host species 
have been shown to occur, but these 
documented spillover events have typically 
been self-limiting.2 

 
Concurrent pyoderma is often observed in 
cases of sarcoptic mange, as seen in this case. 
Sarcoptes scabiei infestation results in injury 
to the epidermal layer caused by a com-
bination of host scratching and the mechan-
ical damage by the burrowing mites and 
provides an entry point for the invading 
bacteria. Localized complement inhibition by 
excreted mite products in the mite burrow 
may provide a protected microenvironment 
in which bacteria can initiate colonization 
without immediate attack by the host immune 
system and thus play a role in the 
development of pyoderma in scabies mite 
infested skin.1,4,8 

 
 

Figure 2-1. Haired skin, koala:  There are multiple 
patches of alopecia, acanthosis, and hyperkeratosis on 
the skin of this the feet and legs, as well as the face. 
(Photo courtesy of:  University of Adelaide, Roseworthy 
Campus, Mudla Wirra Road, Roseworthy, SA, Australia 
5371, http://www.adelaide.edu.au/vetsci) 
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Contributing Institution:  
University of Adelaide, School of Animal 
and Veterinary Sciences 
http://www.adelaide.edu.au/vetsci/  
 
JPC Diagnosis: 
Haired skin: Epidermal hyperplasia and 
hyperkeratosis, diffuse, marked, with mild 
eosinophilic dermatitis and numerous 
intracorneal mites and eggs, etiology 
consistent with Sarcoptes scabiei.  
 
JPC Comment:   
Sarcoptes scabiei is a submacroscopic 
burrowing mite in which male and female 
adults, larvae, protonymphs, tritonymphs, 
and eggs are found within the epidermis, 
extending to the level of the stratum 
granulosum, and consume living cells and 
tissue fluid.5 As noted by the contributor, 
there are no definitive means to 
taxonomically distinguish the various strains 
that tend to demonstrate a high degree of host 
specificity.  Thus S. scabiei as a species is 
divided into morphologically indistin-
guishable variants with a high degree of host 
specificity and low degree of cross 
infectivity.  As a result, varieties are named 
for their predominant host species, such as S. 
scabiei var. canis, S. scabiei var suis, etc.5  

 
Infection occurs either via direct or indirect 
transmission.  Direct transmission occurs via 
contact between an infected host and an 
uninfected animal since larvae and nymphs 
leave their burrows and wander the skin’s 
surface.  Alternatively, indirect transmission 
may occur since S. scabiei are capable of 
surviving off the host for potentially up to 
three weeks in low temperature and high 
relative humidity environments, such as 
former dens of infected animals.2,5 Host 
species population density also tends to 
influence the parasite’s prevalence since 
transmission is dependent on direct and 
indirect contact.5 

 
Following exposure, S. scabiei burrows into 
the skin, usually to the level of the stratum 
granulosum, using a combination of its 
mouthparts (chelicerae and gnathosoma) and 
cutting hooks on its legs.  Digestive enzymes 
may also play a role in burrowing and feeding 
but have not yet been described.5   
 
A significant component of S. scabiei’s 
pathogenesis is due to host hypersensitization 
as a result of mechanical disruption of the 
skin, excretions and secretions of the mite, 
and the massive amount of antigenic material 
produced (including dead mites, molted skins 
of adults and immature life stages, and egg 
shells).  Both type I and type IV hyper-
sensitivity reactions have been demonstrated 
in domestic animals such as the dog and pig; 

Figure 2-2. Haired skin, koala. The submitted section 
of haired skin is covered by a thick hyperkeratotic 
crust covering a moderately hyperplastic epidermis. 
(HE, 4X) 

Figure 2-3. Haired skin, koala. Above the hyperplastic 
epidermis are numerous cross-sections of adult mites 
contained within the hyperkeratotic scale. (HE, 90X) 

 

http://www.adelaide.edu.au/vetsci/
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however, only type I hypersensitivity 
reactions were demonstrated in experi-
mentally infected red foxes, which was also 
seems to occur in coyotes, even in advanced 
cases. Initial lesions in many hosts are 
localized and nonpruritic.  After a period of 
several weeks an allergic response develops, 
resulting in generalized urticarial eruptions 
and severe pruritus.  Depending on the host, 
this may or may not be accompanied by a 
delayed hypersensitivity response, which is 
associated with low numbers of mites within 
the lesion.  In contrast, recently exposed, 
previously naïve new hosts as well as anergic 
and malnourished animals may develop non-
pruritic, severe crusting dermatitis with 
severe hyperkeratosis, serosanginous ex-
udate, and large numbers of mites.5 

 
Numerous epizootics of sarcoptic mange in 
wildlife have been documented, frequently 
resulting in devastatingly high losses, such as 
a 70% of the southern Texas coyote 
population in one epizootic.  During the 
1960s and 1970s an epizootic in Fenno-
scandia red foxes resulted in a 50% 
population decline overall and up to 90% 
mortality in some areas.  Similar epizootics 
have been reported in multiple species across 
the globe and seem to cycle every 30-45 years 
in some areas.  Despite very high losses, 
many populations recover over time.  
However, remnant or isolated populations, 
even species not listed by the Convention on 

International Trade in Endangered Species of 
Wild Fauna and Flora (CITES), can be 
severely affected by sarcoptic mange.  As an 
example, naïve red foxes on the island of 
Borrnholm in Denmark completely dis-
appeared following introduction of sarcoptic 
mange.  Remnant populations of endangered 
species identified to be at particular risk 
include the Bonobo chimpanzee (Pan 
panisci), Ugandan mountain gorillas, chee-
tahs, wild dogs, chamois, Iberian Ibex, and 
the highly endangered European mouflon 
(Ovis orientialis musimoon).5 
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Figure 2-5. Haired skin, koala. Another characteristic 
features of arthropods in tissue section are joint 
appendages.  There is also a lot of striated muscle to 
move those legs in this section. (HE, 300X) 

 

Figure 2-4. Haired skin, koala. Cross sections of the 
adult mites demonstrate a spiked chitinous 
exoskeleton, striated muscle (black arrows) and a 
gastrointestinal tract containing ingested keratin 
(blue arrow). (HE, 300X) 
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CASE III:18-0933b Case 1 (JPC 4125007)    
 
Signalment:  
Red kangaroo (Osphranter rufus) 
 
History:  
Culled female free-ranging red kangaroo 
examined as part of investigations into mass 
mortalities. 
 
Gross Pathology:  
No significant external findings 
 
Laboratory results: 
No laboratory findings reported. 
 

Microscopic Description: 
Kidney: Renal tubular epithelial cells, 
concentrated in the corticomedullary region 
and medullary rays are frequently 
hypertrophied, characterised by karyomegaly 
and cytomegaly and large cytoplasmic 
vacuoles. Vacuoles often contain protozoal 
macrogametes, sporonts, and sporozoites 
(parasitopherous vacuoles). Macrogametes, 
6- 8 um in diameter, are most frequently 
observed within hypertrophied cells that  
bulge into the tubular lumina. Intraepithelial 
sporoblasts and basophilic crenated 
sporocysts containing closely packed 
sporozoites are also common. Sporonts (with 
circumferential nuclei) are rarely observed, 
intraepithelial shizonts are not observed.  
Epithelial cells of parasitized tubules are 
sometimes degenerate or attenuated, but 
minimal appreciable inflammation is 
observed.  
 
Contributor’s Morphologic Diagnoses:  
Kidney: renal coccidiosis (Klossiella sp) 
 
Contributor’s Comment:  
Protozoal parasites within the renal tubules of 
this kangaroo are morphologically consistent 
with Klossiella sp. This parasite is widely 
spread in both wild and captive Australian 
marsupials and is thought to be largely non-
pathogenic in otherwise healthy individuals.1-

5,8 

Figure 3-1. Kidney, kangaroo. A section of kidney is 
submitted for examination. No lesions are visible at 
this magnification. (HE, 5X). 
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Klossiella spp. are apicomplexan coccidians 
with a global distribution, known to infect the 
kidneys of mammals. Usually infecting the 
renal tubular epithelium, it may also be found 
within glomerular endothelial cells in some 
cases. There are 19 recognized species in this 
genus and additional reports without species 
characterization.9  The life cycle is assumed 
to be direct with schizogony and sporogony 
occurring in the host’s renal tissue, and 
infection likely acquired by the oral route 
after contamination of food and drinking 
water with urine containing sporocysts.9 
Species identification is based on the 
morphology of the different life-cycle forms 
and the parasitized tissues; although not 
definitively determined in this case, the host 
and parasite morphology suggest this species 
is most likely K. rufi.3 
 
Contributing Institution:  
The University of Adelaide, Veterinary 
Diagnostic Laboratory  
www.adelaide.edu.au/vetsci  
 
 
 
 
 

JPC Diagnosis:   
Kidney, tubular epithelium:  Hypertrophy, 
multifocal, severe, with numerous intra-
epithelial apicomplexan sporonts and gam-
etes, etiology consistent with Klossiella sp. 
 
JPC Comment:   
Apicomplexans of the genus Klossiella have 
been reported in multiple species, including 
mice (K. muris), guinea pig (K. cobayae), 
horse, zebra, jackass, burro, donkey (K. 
equi), South American opossum and mouse 
opossum (K. tejarai), Australian water rat (K. 
hydromyos), African bats (K. killicki), 
African muridae (K. mabokensis), snakes (K. 
boyae), birds, and six different species in 
Australian marsupials.5 

 

Klossiella sp. are intracellular apicomplexan 
protists that infect renal epithelium.  
Following ingestion of an infective 
sporocyst, sporozoites are released and move 
to the kidney, where they enter tubular 
epithelial cells and become trophozoites.  
Trophozoites form schizonts and merozoites, 
and from these schizonts, gametes are 
thought to form.  Fertilized gametes are 
believed to develop into sporonts, which bud 
to form sporoblasts.  Each sporoblast 
undergoes successive divisions to form 
sporocysts that contain sporozoites.  Mature 
infective sporocysts are surrounded by a 

Figure 3-2. Kidney, kangaroo.  Epithelial cells within 
collecting ducts are markedly hypertrophic.  Within 
their vacuolated apical cytoplasm, many have 
parasitophorous vacuoles containing variably mature 
sporoblasts budding from a residual body 
(endopolygeny) (arrows).   (HE, 400X) 

 

 

Figure 3-3. Kidney, kangaroo.  Other life stages 
include a schizont with fully mature sporoblasts 
(black arrows), macrogametocytes (red arrow), and 
microgametocytes (blue arrows).   (HE, 400X) 
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thick wall and pass from the body into the 
urine to be later ingested by another host, 
completing the cycle.7 

 

Most coccidians infect the gastrointestinal 
tract in their natural hosts; however, genus 
Klossiella’s renal tropism is not unique.  In 
contrast to Klossiella, renal coccidiosis due to 
Eimeria truncata is known to be a highly fatal 
disease of geese, sometimes wiping out entire 
flocks within a few days.  Symptomatic geese 
are typically extremely weak and emaciated.  
Grossly, kidneys of severely affected birds 
are greatly enlarged and discolored, 
corresponding with the microscopic features 
of enormous numbers of coccidia within 
tubules, which are sometimes extensively 
destroyed.6  Multiple species of the genus 
Eimeria infect the avian renal tubular 
epithelium, including E. somateriae in long 
tailed ducks, E. boschadis in mallard ducks, 
and a novel species in great-horned owls.7,9 
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Figure 3-4. Kidney, kangaroo. There are rare 
regenerating tubules surrounded by few neutrophils 
and lymphocytes  (HE, 400X) 
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CASE IV:   
 
Signalment:  
Four-year-old Aberdeen Angus cow, bovine 
(Bos taurus taurus) 
 
History:  
A four-year-old Angus cow presented a 
clinical history of neurologic signs, which 
included aggressiveness and isolation from 
the herd, anorexia, depression and ataxia. 
Antibiotic treatment (doxycycline) was 
administered for three days; nonetheless, the 
clinical condition progressed, and after five 
days paddling movements, opisthotonus and 
lateral decubitus were noted. Euthanasia was 
elected, and the entire head was shipped to 
the laboratory by the field veterinarian. The 
referred cow was one of 300 beef cattle that 
were managed in a cow-calf operation in the 
state of Rio Grande do Sul, Brazil. The 
animals were kept in flooded pastures, in a 
paddock of irrigated rice stubble. 
 
Gross Pathology:  
Grossly, the leptomeninges covering the 
brain, especially the ventral surfaces of the 
mesencephalon and rhombencephalon pre-
sented multifocal, severely thickened dark 
red areas. Furthermore, the right olfactory 
bulb showed a soft well-demarcated grayish 
area of 2.5 cm in diameter. Similar areas, 
ranging from 0.5 to 2 cm in diameter were 
noted bilaterally in the piriform lobes, right 
hippocampus, frontal lobe cortex and fornix. 
The remaining organs were not available for 
evaluation.  
 
Laboratory results: 
Brain sections were processed for 
immunohistochemistry (IHC), to search for 
Acanthamoeba spp., Balamuthia spp. and 
Naegleria spp., as previously described.1 The 
amoebae stained positively for Naegleria 
fowleri through IHC, while immunostaining 

for Acanthamoeba spp. and Balamuthia spp. 
was negative.  
 
Microscopic Description: 
The submitted slides present one section of 
brain (piriform lobe or mesencephalon), and 
some slides also display choroid plexus 
sections.  In the brain, there is a focally 
extensive, well-demarcated area of marked 
necrosis, surrounded by a halo of severe 
inflammatory infiltrate of viable and 
degenerate neutrophils, fewer foamy 
macrophages (gitter cells), lymphocytes, 
plasma cells, eosinophils and rare 
multinucleated giant cells. The referred 
inflammatory cells are also noted scattered 
within the necrotic area, mainly in 
perivascular regions, markedly expanding 
Virchow-Robin spaces, as well as extending 
and moderately expanding the adjacent 
leptomeninges.   
 
A large number of round to oval amoebic 
trophozoites measuring around 12 to 15 µm 
in diameter were seen within the necrotic 
areas, around and within blood vessels, both 
in the wall and in the lumen, frequently 

Figure 4-1. Cerebrum, ox. Multiple sections of 
cerebrum are submitted for examination.  At 
subgross magnification, the section at right 
demonstrates extensive necrosis within the neuropil, 
characterized by rarefaction, loss of tissue, and 
marked perivascular hypercellularity (HE, 5X) 
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forming clusters with numerous organisms. 
These amoebae had abundant granular and 
pale eosinophilic cytoplasm, eccentric nuclei 
measuring approximately 3 µm in diameter 
and had a single 1 to 2 µm hyperchromatic 
karyosome.  The nuclei were surrounded by 
a clear thin halo.  
 
Furthermore, marked multifocal fibrinoid 
necrosis and hyalinization of blood vessel 
walls, characterized by accumulation of 
amorphous proteinaceous material and 
inflammatory infiltrate of neutrophils, was 
noted within the necrotic area. Thrombosis 
was frequently observed in vessels showing 
fibrinoid necrosis hyalinization. Moreover, 
multifocal moderate inflammatory infiltrate 
comprised predominantly by lymphocytes, 
plasma cells and fewer neutrophil was noted 
in the neuropil adjacent to the necrotic area. 
Similar inflammatory infiltrate was also 
observed markedly and diffusely expanding 
the choroid plexus.  
 
In addition to the piriform lobes, similar 
demarcated lesions were noted affecting both 
the white and grey matter of the right 
olfactory bulb, frontal brain cortex, thalamus, 
mesencephalon, and hippocampus. In the 
cerebellum, the leptomeninges and Virchow-
Robins spaces were diffusely and markedly 
expanded by a similar inflammatory infiltrate 
described in the piriform lobe. Furthermore, 

multifocal areas of severe hemorrhage were 
seen in the neuropil, as well as multifocal 
areas of gliosis, which were also noted in the 
brainstem. 
 
Contributor’s Morphologic Diagnoses:  
Necrotizing and pyogranulomatous menin-
goencephalitis, marked, focally extensive, 
acute, associated with severe multifocal 
thrombosis, vasculitis and numerous amoebic 
trophozoites. Lymphohistiocytic and neu-
tronphilic choroid plexitis, acute, marked, 
diffuse. 
   
Contributor’s Comment:  
Free-living ameboflagellates of the genera 
Acanthamoeba, Balamuthia and Naegleria 
have been associated with disease in people 
and animals.1,2,4,5,6,7 N. fowleri infection is 
known to cause a rare entity called primary 
amoebic meningoencephalitis.3 Most cases of 
this condition have been reported in people, 
and the majority of the cases have been 
described in the USA.8 This protozoon 
reaches the brain through the olfactory 
nerve10 causing a highly fatal disease that is 
restricted to the central nervous system, 
frequently in immunocompetent indi-
viduals.10 N. fowleri is a widely distributed 
thermophilic free-living amoeba that is 
commonly found in fresh and hot water.12 
The drinking water has been suggested as a 
potential source of infection in previous 
reports of N. fowleri infection in cattle.2 In the 
present case, amoebae were not searched in 
the environment and sources of water; 
however, it is plausible to think that the 
epidemiological characteristics present on 
the farm, including high temperatures and the 
use of pastures in seasonally flooded areas, 
may have contributed to the occurrence of the 
disease. After invading the nasal mucosa, N. 
fowleri is believed to reach the encephalon 
through the olfactory nerve, consequently 
causing initial damage to the 
rhinencephalon.12 The initial lesion is 

Figure 4-2. Cerebrum, ox. Higher magnification of 
the necrotic area demonstrating marked 
inflammation in areas of rarefaction as well as in 
perivascular areas.  (HE, 88X) 
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frequently observed as an area of encephalic 
softening located in the olfactory bulb, and is 
most commonly unilateral.2 After this initial 
lesion, N. fowleri tends to spread and cause 
disseminated lesions in the brain.2  
 
Histologic findings were characterized by 
severe vascular lesions, including vasculitis 
and thrombosis. In the present case, these 
seemed to be caused by direct damage 
induced by N. fowleri, since great numbers of 
parasites were observed within the wall of 
blood vessel, associated with necrosis and 
neutrophilic inflammation. The referred 
vascular lesions may have preceded the 
marked necrotic changes observed, since the 
latter were interpreted to be the result of 
infarction, associated with direct damage 
induced by tissue spread of these agents. 
Histological visualization of amoebic 
trophozoites may be challenging.2 Frequently 
these amoebas may resemble foamy 
macrophages in areas of suppurative 
inflammation and necrosis.2 Thus, 
immunohistochemistry is crucial for 
establishing the diagnosis, as well as to 
distinguish these organisms from other 
amoebas, which are important differential 
diagnosis in such cases, including 

Acanthamoeba sp. and Balamuthia man-
drillaris.1 

 
Contributing Institution:  
Faculdade de Veterinária 
Universidade Federal do Rio Grande do Sul 
Setor de Patologia Veterinária 
http://www.ufrgs.br/patologia 
  
JPC Diagnosis:   
Cerebrum:  Vasculitis and 
meningoencephalitis, necrotizing, 
multifocal, severe, with thrombosis and 
numerous amebic trophozoites.  
 
JPC Comment:   
The contributor provides an excellent review 
of Naeglaria fowleri, one of several 
mitochondria-bearing, free-living eukaryotic 
amebae, in addition to Acanthamoeba spp. 
and Balamuthia mandrillaris, each known to 
cause infection of the central nervous system 
(CNS) of humans and other animals.14  
Knowledge that free-living amoebae are 
capable of causing human disease dates back 
more than 50 years, prior to which time they 
were regarded as harmless soil organisms or,  
at most, commensals of mammals.12 In 
humans, several species of the genus 

Figure 4-3. Cerebrum, ox: Large numbers of round 10-15um amebae occupy perivascular and rarefied areas within the 
neuropil.    (HE, 250X) 

http://www.ufrgs.br/patologia
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Acanthamoeba cause an insidious and 
chronic disease, granulomatous amebic 
encephalitis (GAE), principally in 
immunocompromised hosts, including those 
infected with HIV/AIDS.  Balamuthia 
mandrillaris causes GAE in both 
immunocompromised and immune-
competent hosts, mostly in very young or 
very old individuals. In addition, both 
etiologies may cause disseminated disease in 
the lungs, skin, kidneys, and/or uterus.  In 
contrast, N. fowleri causes an acute and 
fulminating, necrotizing infection of the CNS 
known as primary amebic meningo-
encephalitis (PAM).  Children and young 
adults with history of exposure to warm fresh 
water are most often affected by PAM.14 
 
As described by the contributor, N. fowleri’s 
route of infection is via direct penetration of 
the olfactory neuroepithelium via the 
rhinocerebral route.  Upon reaching the 
olfactory bulb, N. fowleri elicits a significant 
immune response through activation of the 
innate immune system, including 
macrophages and neutrophils.  The parasite 
enters the body in the trophozoite form, 
which has special structures known as food 

cups.  These structures allow the normally 
free-living organism to ingest bacteria and 
fungi, but also tissue of parasitized hosts.  In 
addition, the pathogenicity of N. fowleri is 
dependent upon the release of cytolytic 
molecules, including acid hydrolases, 
phospholipases, neuraminidases, and phos-
pholipolytic enzymes which contribute 
toward host cell and nerve destruction.  The 
combination of the pathogenicity of N. 
fowleri and the intense immune response 
resulting from its presence results in 
significant nerve damage and subsequent 
CNS tissue damage, which often results in 
death.3 

 
Other free-living amoeba may also gain entry 
to the brain via the rhinocerebral route, 
however, hematogenous spread following 
primary lung or skin infection is thought to 
be more common.  An example of this was 
suggested following a retrospective review of 
five cases of amoebic meningoencephalitis in 
gorillas and other old world primates at the 
San Diego Zoo and San Diego Wild Animal 
Park between 1965 and 1995 caused by B. 
mandrillaris.  Although the route of infection 
was unknown, the lack of olfactory lobe 

Figure 4-4. Cerebrum, ox: Higher magnification of the amebae admixed with few viable and necrotic neutrophils.  The 
karyosome is prominent in these amebae.  (HE, 400X). 



16 
 

involvement was inconsistent with the 
rhinocerebral route of infection.9 

 

Another significant genus warranting 
discussion is Entamoeba. Species of this 
genus inhabit a range of invertebrates and 
vertebrates, often as commensals in the 
intestinal tract and less commonly as 
pathogens.  Pathogenic species have an 
arsenal of virulence factors to enable tissue 
invasion, including lectins for attachment to 
intestinal epithelium, mechanisms to cause 
cytotoxicity of epithelial cells (including 
induction of apoptosis), secretion of 
“amoebapore” proteins to lyse cells, a vast 
array of cysteine proteinases to degrade 
extracellular matrix, oxygen detoxification 
mechanisms to allow deep invasion, and 
finally, various tools to evade the host 
immune response.  E. histolytica, one of the 
most well-known species of this genus, 
causes serious disease in primates and is the 
etiologic agent of human amoebic dysentery, 
a significant cause of morbidity and mortality 
in the third world.  Another well-known 
species is E. invadens, which variably affects 
captive reptiles. In snakes it may be either 
innocuous or cause severe necrotizing 
enterohepatitis whereas in turtles it is 
generally a commensal.  Finally, E. ranarum, 
is rarely associated with intestinal or hepatic 
disease in captive amphibians.10 

 
Although amebae were typically readily 
visible with standard HE staining, periodic 
acid–Schiff reaction (PAS), readily stains the 
glycogen-laden cytoplasm and can be a 
useful tool for their identification.10 
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1. Which of the following describes Strongyloides tumifaciens?

a. Hematophagous

b. Parthenogenetic

c. Live-bearing

d. Perforating

2. With of the following nerves is thought to facilitate neuroinvasion by Naegleria fowleri?

a. Olfactory

b. Trigeminal

c. Optic

d. Hypoglossal

3. Which of the following sites is a major site for colonization of Naegleria fowleri in the brain?

a. Olfactory lobes

b. Optic nerves

c. Hypothalamus

d. Third ventricle

4. In the schizogony of Klossiella sp.,  sporoblasts bud off of what structure?

a. Residual body

b. Each other

c. Macrogamont

d. Microgamont

5. Excreted mite products help protect the little beasties by inhibiting what?

a. Complement

b. Neutrophil activation

c. Macrophage activation

d. Antibody formation

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: N17-663 (JPC 4117535)     
 
Signalment:  
13-year-old, male, neutered, American 
Eskimo dog, (Canis lupus familiaris) 
 
History:  
This dog presented for acute onset of 
seizures. Magnetic resonance imaging 
showed a right-sided forebrain mass with 
associated hemorrhage. Due to poor pro-
gnosis and clinical deterioration, the dog was 
euthanized. 
 
Gross Pathology:  
Grossly the right cerebral hemisphere was 
expanded by a 3 x 3 x 2.5 cm, poorly 
circumscribed, irregular, multilobulated, 
white to tan, firm to gelatinous, multifocally 
hemorrhagic mass that projected into the 
right lateral ventricle and compressed the 
thalamus. 
 
Laboratory results: 
No laboratory findings reported. 
 
Microscopic Description: 
Brain: Effacing and infiltrating the neuropil 
of the cerebral cortex and spilling into the 
lateral ventricle, is a poorly demarcated, 
unencapsulated, densely cellular neoplasm 
composed of spindle to stellate cells arranged 
in disorganized streams and bundles that are 

often arranged perpendicularly (pseudo-
palisading) along extensive serpiginous areas 
of coagulative to liquefactive necrosis that 
contain abundant karyorrhectic and cellular 
debris mixed with fibrin and hemorrhage. 
Neoplastic cells have indistinct cell borders, 
with scant to moderate amounts of 
eosinophilic cytoplasm. Nuclei are round to 
oval, with finely stippled to vesicular 
chromatin, and 1-3 small nucleoli. Aniso-
cytosis and anisokaryosis are moderate. 

Figure 1-1. Brain, dog. A multilobulated, white to tan, 
firm to gelatinous mass (astrocytoma, high grade) 
expands the right cerebral hemisphere, projects into the 
right lateral ventricle, compresses the thalamus and 
causes a leftward midline shift. (Photo courtesy of:  
Department of Biomedical Sciences, Section of 
Pathology, 200 Westboro Rd., North Grafton, MA. 
01536, http://vet.tufts.edu/department-of-biomedical-
sciences/research/pathology/)  

 

http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
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Multifocally, neoplastic cells are arranged in 
dense sheets supported by a myxoid matrix, 
have variably distinct cell borders, moderate 
amounts of vacuolated cytoplasm, and round 
to oval, uniform nuclei. There are 24 mitotic 
figures in 10 high power fields. Throughout 
the neoplasm, there is proliferation of blood 
vessels with hypertrophied endothelium that 
frequently form glomeruloid structures. 
 
Contributor’s Morphologic Diagnoses:  
Brain: astrocytoma, grade IV (glioblastoma) 
 
Contributor’s Comment:  
Astrocytomas account for approximately 10-
13% of primary central nervous system 
tumors in dogs. 7, 12, 14 The incidence is higher 
in brachycephalic breeds (approximately 23 
times), but they can occur in any breed. 2, 4, 15 
Incidence of astrocytic neoplasia in dogs, as 
in humans, increases with age.15 Astro-
cytomas are a diverse group of gliomas that 
in dogs are subdivided in two distinct 
subgroups based on their growth patterns: 
infiltrative or diffuse, and well-demarcated.4 
Diffuse astrocytic tumors are classified into 
four grades (I to IV), with grade IV being the 
most malignant form.2, 4, 12  

 
Glioblastoma (grade IV astrocytoma) has 
been reported to represent 0.5 to 3% of all 
primary central nervous tumors in the 
dog.3,13, 14 Glioblastoma is the most common 
human brain tumor, and comprises 12-15% 
of all primary central nervous system tumors 
and 50-60% of all astrocytomas.7  
 
Canine glioblastomas, like their human 
counterparts, are highly invasive. The infil-
trative path within the normal brain paren-
chyma is not random and often follows white 
matter tracts, perivascular spaces and the 
subependyma.15  
 
In humans, glioblastomas can be primary (de 
novo) tumors or secondary tumors that de-
velop from a preexisting glial tumor, either 
diffuse astrocytomas (WHO grade II) or 
anaplastic astrocytomas (WHO grade III).15 
In veterinary species, there is no evidence 
that glioblastomas arise from preexisting 
benign astrocytic/glial tumors.5 
 
The most recent update to the WHO classi-
fication of Tumors of the Central Nervous 

Figure 1-2. Cerebrum, dog.  A section of cerebrum that 
is 80% effaced by an infiltrative neoplasm is submitted 
for examination.  There are serpiginous areas of 
necrosis and hemorrhage throughout the neoplasm. 
(HE, 6X) 

 

Figure 1-3. Cerebrum, dog. Serpentine areas of 
necrosis are bordered by elongated, perpendicularly 
oriented pseudopalisading neoplastic cells. 
Proliferation of blood vessels with multiple layers of 
hypertrophied endothelium and pericytes forming 
tortuous or glomeruloid structures are present. H&E 
stain. (Photo courtesy of:  Department of Biomedical 
Sciences, Section of Pathology, 200 Westboro Rd., 
North Grafton, MA. 01536, 
http://vet.tufts.edu/department-of-biomedical-
sciences/research/pathology/) 

 

http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
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System in humans includes molecular para-
meters (particularly genotype) in addition to 
histology to define and characterize many 
tumors.1,8,9 Diffuse infiltrative astrocytomas 
of adults are now subdivided according to the 
mutational status of isocitrate dehy-
drogenase-1 or -2 (IDH1/2) genes into IDH-
mutant or IDH-wildtype 1, 9, with the large 
majority of IDH-wildtype astrocytomas (90-
95%) being primary glioblastomas (WHO 
grade IV). These mutations have not been 
found in canine gliomas.5, 11 

 
The main criteria for histological class-
ification and grading of astrocytomas are the 
cell density, nuclear atypia and mitotic count. 
Astrocytomas consistently express glial 
fibrillary acidic protein (GFAP) immuno-
reactivity, which decreases in the higher 
grades4 and is the feature that suggests the 
glial origin of these tumors.15 In this dog, 
most neoplastic cells (>90%) exhibited 
strong cytoplasmic immunoreactivity for 
GFAP. Olig2 nuclear immunoreactivity was 
observed in a large population of the 
neoplastic cells (approximately 60%). 
Although this has been used as a marker for 
cells of oligodendroglial origin, astrocytomas 
in dogs and cats frequently express Olig2.5,10, 

16 Lack of expression of CNPase by the 

neoplastic cells makes oligodendroglial 
origin or differentiation less likely and 
further supports an astrocytic origin. 
 
Additional criteria for diagnosis of grade IV 
astrocytoma must include at least one of two 
essential diagnostic features: necrosis with 
marked glial pseudopalisading and/or micro-
vascular proliferation.4 Both of these features 
were quite prominent in this case. 
 
Canine glioblastomas overexpress EGFR, 
PDGFR-α, and insulin-like growth factor 
binding protein 2 (IGFBP-2).2,3,15,16 Ad-
ditionally, greater expression of VEGF, 
VEGFR-1, VEGFR-2, EGFR-1, IL-13RA2 
has been described in canine glioblastomas 
compared to other intracranial brain tumors. 
3,7,15 Microvascular proliferation is pre-
sumably driven, in part, by this increased 
expression of VEGF.7 Proliferative index, 
measured by Ki67 expression, is described in 
the literature for glioblastomas and other glial 
tumors3,7,16, although its significance or 
prognostic value has yet to be determined in 
veterinary species. 
 
Contributing Institution:  
Cummings School of Veterinary Medicine at 
Tufts University 
Department of Biomedical Sciences, Section 
of Pathology 
200 Westboro Rd. 
North Grafton, MA. 01536 
http://vet.tufts.edu/department-of-
biomedical-sciences/research/pathology/  
  
JPC Diagnosis: 
Cerebrum:  Astrocytoma, high grade (previ-
ously known as astrocytoma grade IV or 
glioblastoma). 
 
JPC Comment:   
The contributor provides an outstanding 
review of the criteria used for the diagnosis 
of a grade IV astrocytoma.  Since 1999, 

Figure 1-4. Cerebrum, dog. Neoplastic cells have strong 
cytoplasmic expression of GFAP by 
immunohistochemistry (glial fibrillary acidic protein). 
(Photo courtesy of:  Department of Biomedical Sciences, 
Section of Pathology, 200 Westboro Rd., North Grafton, 
MA. 01536, http://vet.tufts.edu/department-of-
biomedical-sciences/research/pathology/) 

 

 

http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
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diagnostic criteria for canine glial tumors 
have been derived from the World Health 
Organization (WHO) Tumor Fascicle 
Histologic Classification of Tumors of the 
Nervous System of Domestic Animals, in 
addition to immunohistochemical markers of 
glial populations, which have become more 
readily available.6 

 
Following the submission of this case to the 
WSC, the National Cancer Institute-led 
multidisciplinary Comparative Brain Tumor 
Consortium (CBTC) convened a glioma 
pathology board, composed of both 
veterinary and physician neuropathologists 
with the immediate goal of improving 
existing glioma classification methods, 
which would in turn would support 
harmonization of phenotypic characterization 
between species, serving to bridge veterinary 
and physician neuropathology and strengthen 
the validity of the dog as a naturally 
occurring, translationally relevant model of 
human glioma. One of several outcomes of 
the consortium was the creation of a new 
classification scheme to promote diagnostic 
consistency across veterinary institutions and 
to harmonize future comparative research 
and hypothesis-based investigations de-
signed to aid in clinical management of 

canine glioma patients, especially the 
addition of future molecular markers that 
may stratify canine patients as is used for 
human patients with gliomas.6 

 
Gliomas under the new grading scheme are 
categorized as an oligodendroglioma, astro-
cytoma, or undefined glioma.  To be 
classified as an oligodendroglioma >80% of 
the tumor must meet the one or more of the 
following criteria:  Round nuclei with a 
coarse chromatin pattern, scant to moderate 
eosinophilic or lost cytoplasm (artifact), 
pseudo-rosettes, secondary structures, 
nuclear rowing, myxoid to mucinous matrix 
(+/- lakes), branching capillaries, mineral-
ization, and nuclear molding. To be classified 
as an astrocytoma >80% of the tumor must 
meet the criteria of one or more of the 
following criteria: Oval to elongate nuclei 
(angular) with an open faced chromatin 
pattern, pleomorphic cells (large nucleoli, 
multinucleated cells), eosinophilic and 
abundant cytoplasm (gemistocytic), elongate 
cells (pilocytic), naked nuclei, random and 
disorganized patterns, spindle cell 
morphology, rare mucin microcysts (well-
defined), mineralization, and eosinophilic 
stroma (fibrillary).  Gliomas exhibiting a 

Figure 1-5. Cerebrum, dog. Approximately 60% of 
neoplastic cells exhibit moderate to strong nuclear 
expression of Olig2 by immunohistochemistry. (Photo 
courtesy of:  Department of Biomedical Sciences, 
Section of Pathology, 200 Westboro Rd., North Grafton, 
MA. 01536, http://vet.tufts.edu/department-of-
biomedical-sciences/research/pathology/) 

 

Figure 1-6. Cerebrum, dog. Neoplastic cells (top left) fail 
to show expression of CNPase by 
immunohistochemistry. In the neighboring white 
matter, myelin and oligodendrocytes strongly express 
CNPase by immunohistochemistry. (Photo courtesy of:  
Department of Biomedical Sciences, Section of 
Pathology, 200 Westboro Rd., North Grafton, MA. 
01536, http://vet.tufts.edu/department-of-biomedical-
sciences/research/pathology/)  

 

http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
http://vet.tufts.edu/department-of-biomedical-sciences/research/pathology/
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biphenotypic/biphasic morphology with both 
phenotypes in high proportions (>30-40% 
each) or an undifferentiated cellular 
morphology are classified as an “undefined 
glioma”.6 

 
Once the glial tumor type is determined, the 
neoplasm’s infiltration into the adjacent 
parenchyma is assessed at low magnification 
and classified as either “none, focal, or 
diffuse”.6   
 
The neoplasm is then graded as either “high” 
or “low” based on multiple criteria.  All 
gliomas with necrosis (excluding single cell) 
and/or microvascular proliferation +/- 
pseudopalisading are classified as high grade.  
Pseudo-palisading necrosis occurs when 
neoplastic cells line up perpendicularly to 
areas of geographic necrosis.  Microvascular 
proliferation may be characterized as con-
voluted and glomeruloid vasculature, 
multilayered and hypertrophied endothelial 
cells, and vascular arcades.  Microvascular 
proliferation must be distinguished from 
reactive vasculature, with multiple layers of 
cells and high degree of tortuosity being 
critical distinguishing features.  Neoplasms 
lacking these features are further assessed for 
any mitoses in ten 400x fields and/or overt 
features of malignancy (e.g. nuclear 
pleomorphism, anisokaryosis, anisocytosis, 
and cellular atypia).  The presence of any of 
these features are consistent with a high grade 
glioma whereas their absence is consistent 
with a low grade glioma.6 
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CASE II: 19N-0060 (JPC 4136398)    
 
Signalment:  
11-year-old castrated male domestic short-
haired cat (Felis catus) 
 
History:  
The patient presented to the veterinary 
teaching hospital with a 2-3-month history of 
bumping into things, sitting in corners, vision 
loss, and behavior changes; he was reported 
to walk a fixed route in the home. A 
neurologic exam revealed absent menace 
responses, a left forelimb conscious pro-
prioceptive deficit, and lumbosacral pain. A 

fundic examination showed intact retinas. 
These results did not point toward a clear 
diagnosis. Due to concerns about quality of 
life and financial constraints, his owners 
elected humane euthanasia without 
additional diagnostics (i.e. no radiographs, 
CT scan or biopsy were performed). A 
necropsy was performed to investigate the 
cause for the patient’s clinical signs. 
 
Gross Pathology:  
Attached to the surface of the cerebrum and 
focally expanding the region between the 
rostral cerebral hemispheres and located 1 cm 
caudal to the most rostral aspect of the 
olfactory bulbs was a 2 x 1.7 x 1.8 cm, tan to 
light pink, semi-firm mass occupying the 
longitudinal fissure and mildly compressing 
the adjacent frontal cortex. On the cut 
surface, the mass was semi-firm, mottled tan 
and pink and slightly gritty. The primary 
differential for the well-demarcated, intra-

Figure 2-1. Cerebrum, cat.  There is a 2 x 1.7 x 1.8 cm, 
tan to light pink, semi-firm mass occupying the 
longitudinal fissure and mildly compressing the 
adjacent frontal cortex (Photo courtesy of:  University of 
Wisconsin School of Veterinary Medicine, Department 
of Pathobiological Sciences, 2015 Linden Dr., Madison, 
WI 53706 
https://www.vetmed.wisc.edu/departments/pathobiol
ogical-sciences/)  

https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
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cranial, extra-axial tumor at the time of 
necropsy was meningioma with the rule-outs 
of a primary CNS lymphoma, peripheral 
nerve sheath tumor, and granular cell tumor. 
No other organ systems demonstrated a 
neoplastic process. 
 
Laboratory results: 
No laboratory findings reported. 
 
Microscopic Description: 
Markedly compressing the frontal cortex is 
an expansile, well-demarcated, non-invasive, 
unencapsulated, densely cellular neoplasm 
composed of short interlacing streams, 
bundles, and whorls of spindle to polygonal 
cells supported by a variably dense 
fibrovascular stroma with some stromal 
collagen bundles being prominent and 
serpiginous and occasionally mineralized. 
The neoplastic cells have variably distinct 
cell borders with small to moderate amounts 
of finely granular, eosinophilic cytoplasm. 
Nuclei are oval to elongated with vesiculated 
to finely stippled chromatin and occasionally 
have one distinct magenta nucleolus. The 
mitotic rate is low, with fewer than 1 mitotic 
figure per ten high powered fields (400x). 
Scattered and small to large aggregates of 
foamy macrophages surround acicular 

cholesterol clefts. Small numbers of lymph-
ocytes, plasma cells, neutrophils, and rare 
individual macrophages with intra-
cytoplasmic pale brown material (hemo-
siderin) are scattered throughout the 
neoplasm. In many areas, there are several 
variably-sized foci of cellular dropout with 
replacement by eosinophilic cellular and 
karyorrhectic debris (necrosis) and individual 
cellular necrosis characterized by shrunken 
hypereosinophilic cells with pyknotic nuclei. 
Multifocally, at the center of a low number of 
whorls are concretions of lamellated hyaline 
acellular material that is occasionally 
mineralized (psammoma bodies). There are 
also multifocal, irregularly shaped 
accumulations of mineral (interpreted as 
dystrophic calcification). The brain paren-
chyma immediately adjacent to the mass is 
moderately to markedly compressed and 
focally concave. In a few regions, the 
cerebral cortex is hypercellular due to mildly 
increased numbers of glial cells (gliosis). 
 
Contributor’s Morphologic Diagnoses:  
1. Intracranial mass: Meningioma with 

multifocal moderate to marked 
mineralization and cholesterol clefts; 
multifocal mild to moderate necrosis, 
hemosiderosis, and psammoma bodies.  

2. Frontal cortex: Multifocal mild subacute 
to chronic cerebral cortical gliosis. 

 
Contributor’s Comment:  
Meningiomas are the only tumor arising from 
meningothelial cells. In most reports, 
meningiomas have been diagnosed in 
patients over 7 and 9 years of age for dogs 
and cats respectively, although they have 
seldom been reported in young animals (< 6 
months of age).10, 15 In a recent retrospective 
analyses of canine and feline primary 
intracranial neoplasia, meningiomas 
accounted for 22.3% and 59% of canine and 
feline brain tumors, respectively.10, 15 They 
are the most common type of intracranial 

Figure 2-2. Cerebrum, cat.  A large neoplasm is present 
between the lobes of the cerebrum (HE, 5X) 
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neoplasm in the cat in which there may be 
multiple masses present.4 Other commonly 
reported intracranial tumor types in cats are 
lymphoma, pituitary tumors, and gliomas.3, 15 
The most common neurological signs 
associated with meningiomas are lethargy, 
circling, seizures, and central blindness; 
however, some cats will not have neurologic 
signs.1, 15  
 
Meningiomas form as a result of the 
neoplastic transformation of meningothelial 
cells in the arachnoid membrane and pia 
mater. They are usually discrete variably 
shaped tumors with smooth surfaces and 
broad dural attachments.4, 16 They are solid, 
gray to tan (when fixed), firm and sometimes 
gritty on the cut surface. Meningiomas are 
expansile and compress, but infrequently 
invade the brain. A significantly decreased 
incidence in their location occurs from the 
olfactory bulbs caudally correlating directly 
with a decrease in the number of arachnoid 
villi.9, 16 In dogs, meningiomas are the most 
common primary CNS tumor in the spinal 
canal and are most common at the level of 
C1-4 spinal cord segments; the frequency 
decreases caudally. 16 

  
In cats, meningiomas are usually 
supratentorial, multinodular, well-defined, 
expansile and locally compressive. They are 
variably sized and may exist simultaneously 

in multiple sites; in cats, they may occur in 
the tela choroidea of the third ventricle.4,6,9, 

16 Feline meningiomas are rarely invasive 
and are more easily separated from the brain 
parenchyma than the more tightly adherent 
canine menigiomas.4,6,9  
 
Meningiomas in dogs are mostly intracranial 
but spinal cord, orbital, paranasal, and 
cutaneous meningiomas also occur.4,8,9,10,14, 16 
While extracranial cutaneous meningiomas 
are rare in both humans and veterinary 
species, two cases of canine periocular 
extracranial cutaneous meningiomas have 
been recently described.14 In horses and dogs, 
the paranasal meningioma is a rare variant 
that forms from meningeal arachnoid cells 
either within or outside of skull bones as the 
cranium develops.4 Paranasal meningiomas 
in 10 canine patients were considered to be 
malignant because of their anaplastic features 
and aggressive behavior resulting in invasion 
into the cranial cavity.11 The clinical 
presentation of primary orbital (optic nerve) 
meningiomas includes exophthalmos due to a 
space-occupying mass behind the globe and 
blindness due to compression of the optic 
nerve.8 Meningiomas are reported 
sporadically in horses, cattle, pigs, and 
sheep.9, 16  
 
Meningiomas display both mesenchymal and 
epithelial-like features showing spindle cell 
morphology with deposition of collagenous 
stroma or polygonal cell morphology. The 
following are the most common subtypes of 
meningiomas in dogs applying the criteria of 
the latest (2007) human WHO classification 
system for the histological classification of 
the subtypes and for the grading of canine 
meningiomas.4,6,9, 16  
 
Meningiomas in dogs are mostly intracranial 
but spinal cord, orbital, paranasal, and 
cutaneous meningiomas also occur.3,7,8,10,12, 15 
While extracranial cutaneous meningiomas 

Figure 2-3. Cerebrum, cat:  The nodular neoplasm is 
composed of spindle cells arranged in short streams and 
bundles with multifocal mineralization and areas of 
necrosis with cholesterol clefts. (HE, 10X) 
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are rare in both humans and veterinary 
species, two cases of canine periocular 
extracranial cutaneous meningiomas have 
been recently described.12 In horses and dogs, 
the paranasal meningioma is a rare variant 
that forms from meningeal arachnoid cells 
either within or outside of skull bones as the 
cranium develops.3 Paranasal meningiomas 
in 10 canine patients were considered to be 
malignant because of their anaplastic features 
and aggressive behavior resulting in invasion 
into the cranial cavity.10 The clinical 
presentation of primary orbital (optic nerve) 
meningiomas includes exophthalmos due to a 
space-occupying mass behind the globe and 
blindness due to compression of the optic 
nerve.7 Meningiomas are reported sporadic-
ally in horses, cattle, pigs, and sheep.8, 15  
 
Meningiomas display both mesenchymal and 
epithelial-like features showing spindle cell 
morphology with deposition of collagenous 
stroma or polygonal cell morphology. The 
following are the most common subtypes of 
meningiomas in dogs applying the criteria of 
the latest (2007) human WHO classification 

system for the histological classification of 
the subtypes and for the grading of canine 
meningiomas: 3,4,8, 15  
 
Meningioma grade I subtypes: 
1. Transitional (mixed):  

a. Features of both meningothelial 
and fibrous meningiomas.  

b. Syncytial cell clusters or 
concentric whorls around 
capillaries or psammoma bodies. 

c. Well-demarcated lobules mixed 
with meningothelial cells. 

d. The majority of canine 
meningiomas are of this type.  

2. Meningothelial:  
a. Solid, moderately cellular lobules 

of polygonal cells with ill-defined 
borders and abundant cytoplasm; 
frequent cytoplasmic 
invaginations into the nucleus. 

b. Low mitotic index; giant cells 
with bizarre nuclei can be seen.  

c. Very common.  
3. Psammomatous:  

a. A transitional pattern background  
b. Prominent whorls with abundant, 

concentric layers of hyaline 
material that frequently have 
central aggregates of mineral 
(psammoma bodies). 

4. Angiomatous (angioblastic):  
a. Numerous large or small blood 

vessels (usually over 50% of the 
mass) 

b. Rare in domestic animals.  
5. Microcystic:  

a. Spindle shaped neoplastic cells 
with loosely arranged, elongate 
processes that form small or large, 
clear, intracytoplasmic and 
interstitial vacuoles (micro- and 
macrocysts) 

b. This pattern can have admixed 
areas of transitional and/or 
fibrous patterns. 

Figure 2-4. Cerebrum, cat.  Higher magnification of 
neoplastic cells demonstrating a storiform pattern of 
bundles of neoplastic cells as well as several whorls. 
(Photo courtesy of:  University of Wisconsin School of 
Veterinary Medicine, Department of Pathobiological 
Sciences, 2015 Linden Dr., Madison, WI 53706 
https://www.vetmed.wisc.edu/departments/pathobiol
ogical-sciences/)  

https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
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6. Fibrous (fibroblastic):  
a. Spindle shaped neoplastic cells 

arranged in long interlacing 
bundles 

b. The neoplastic cells are separated 
by variable amounts of collagen 
and reticulin.  

c. These frequently co-exist with the 
microcystic subtype 

d. Uncommon.  
7. Secretory:  

a. Newly recognized.  
b. Epithelial-like, cytokeratin 

positive glands containing 
intracytoplasmic, round PAS 
positive globular structures mixed 
with areas representing the more 
common subtypes. 

c. These must be distinguished from 
adenocarcinoma. 

 
Atypical meningioma grade II subtypes: 
 
Features: Some meningiomas are assigned a 
grade II status based on their aggressive 
biological behavior (subtypes listed below). 
Additionally, a tumor with cellular features 
consistent with a grade I meningioma that 
also exhibits brain invasion is re-assigned to 
a grade II category. Finally, a meningioma is 
assigned an atypical classification when it 
has one or more of the common histological 
patterns but also has features of either:  

• A mitotic count of at least 4 mitoses 
per 10 high power fields –OR- 

• At least 3 of the following criteria: 
o Loss of normal architectural 

pattern replaced by cell 
sheeting 

o Small cell formation with a 
high N/C ratio 

o Nuclear atypia or macronuclei 
o Hypercellularity 
o Spontaneous necrosis 

 
 

 
Subtypes: 
1. Atypical meningiomas (irrespective of 

the histological subtype):  
a. Hypercellular, moderate to 

marked cellular atypia,  
b. Small cells with a high N/C ratio 
c. Sheets of neoplastic cells that do 

not conform to a specific pattern 
d. Areas of necrosis, more than 4 

mitoses per 10 high power fields, 
and brain invasion.  

2. Chordoid (myxoid):  
a. Vacuolated neoplastic cells with 

round nuclei  
b. Cords and trabeculae supported 

by a myxomatous matrix that is 
positive-staining for PAS, alcian 
blue, and mucicarmine. 

3. Clear cell:  
a. Sheets of polygonal cells with 

clear cytoplasm due to glycogen 
content (non-diastase resistant, 
PAS-positive cytoplasmic 
staining).  

b. Rare. 
Malignant meningioma Grade III subtypes:  
 
Features:  Extreme cellular anaplasia, 
frequent mitoses (more than 20 mitoses per 
10 high power fields), high cellularity, 
bizarre mitotic figures, extensive necrosis, 
brain invasion and metastasis. 
 
Histologic subtypes: 
1. Papillary:  

1. Neoplastic cells arranged in 
papillary forms supported by a 
fibrovascular stroma. 

2. Rare in domestic animals.  
2. Rhabdoid:  

1. Non-cohesive cells with a large 
vesiculate nuclei and 
intracytoplasmic paranuclear, 
eosinophilic globular, inclusion-
like, bodies.  
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2. Most cells have features of grade 
III malignant variants.  

3. Rare in dogs. 
 
In canines, approximately half of 
meningiomas are classified as benign grade I 
followed by atypical grade II; malignant 
grade III tumors are rare.12  
 
In one study of 38 feline meningiomas, grade 
III tumors were not identified and the 
researchers questioned whether current 
grading systems are relevant for feline 
meningiomas.7,10 In further contrast to the 
dog, cat meningiomas have a remarkably 
consistent and uniform histological appear-
ance characterized by prominent whorling of 
elongate cells in a collagen rich matrix in a 
pattern similar to the classical transitional 
and fibroblastic subtypes; these tumors 
usually present as an even mixture of both.4,9, 

16 Additionally, repeatable findings are 
elongate linear foci of mineralization, 
necrosis, polymorphonuclear infiltrates and 
clusters of cholesterol crystals, but generally 
only a few psammoma bodies. A lack of 

nuclear atypia and mitotic figures, the 
presence of a relatively uniform cell type, and 
benign behavior are features most consistent 
with a grade I tumor.4,9,16 As a result, it 
appears the fairly repeatable, though varying, 
types of neoplastic cells in combination with 
the cytologically uniform cellular features, 
create a situation where feline meningiomas 
do not easily fit into any one existing subtype 
of the human 2007 WHO classification 
system.7,9,10 Furthermore, the morphologic 
uniformity and overall similarity in biologic 
behavior among feline meningiomas makes a 
classification into different morphologic 
subtypes unnecessary and a grading system 
biologically meaningless. 
 
Most meningiomas stain positively for 
vimentin and negatively for GFAP. Staining 
for cytokeratin, neuron specific enolase and 
S100 usually yield positive results but with 
variable (minimal to moderate) expression.3,4 
Frequently, meningiomas are immuno-
histochemically positive for CD34 and E-
cadherin.4 In canines, the most reliable 
confirmation of a diagnosis of a canine 
meningioma still relies on transmission 
electron microscopy; most are characterized 
by numerous interdigitating cell processes, 
cytoplasmic intermediate filaments, des-
mosomes, and hemidesmosomes.6 

 
In this case, the gross findings were highly 
suggestive of a meningioma due to its 
location (supratentorial and cerebral 
convexity). Its characteristic histologic 
features distinguished it from other 
intracranial tumors such as peripheral nerve 
sheath tumor and lymphoma. The variable 
histologic patterns present within this single 
neoplasm is typical for feline meningiomas. 
The neoplastic cells exhibited diffuse strong 
cytoplasmic positivity for vimentin. They did 
not express GFAP. Scattered cells exhibited 
minimal faint cytoplasmic positivity for 
S100. For this case, the clinical presentation 

Figure 2-5. Cerebrum, cat.  Throughout the mass, there 
are aggregates of foamy macrophages interspersed 
with acicular clefts and crystalline mineral.  (HE, 400x)  
(Photo courtesy of:  University of Wisconsin School of 
Veterinary Medicine, Department of Pathobiological 
Sciences, 2015 Linden Dr., Madison, WI 53706 
https://www.vetmed.wisc.edu/departments/pathobiol
ogical-sciences/) 

https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
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of blindness is within the realm of what has 
been reported. Despite the dorsal location of 
the neoplasm, it is suspected that the cause 
for blindness in this patient is related to the 
tumor’s space occupying effects and 
subsequent compression of the optic nerves 
and/or chiasm; however, disruption of 
pathways to the occipital lobe cannot be ruled 
out. While meningiomas may enter the optic 
foramina, this was not observed in this case.  
 
 
Contributing Institution:  
University of Wisconsin School of 
Veterinary Medicine 
Department of Pathobiological Sciences 
2015 Linden Dr. 
Madison, WI 53706 
https://www.vetmed.wisc.edu/departments/p
athobiological-sciences/  
  
JPC Diagnosis: 
Cerebrum: Meningioma. 
 
JPC Comment:   
The contributor provides an outstanding and 
very thorough overview of meningioma, the 
most common brain tumor affecting both cats 
and humans. 
 

Dr. Harvey Cushing first coined the term 
“meningioma” in 1922; however, Dr. Felix 
Platter is credited with the oldest written 
record of what could be a meningioma in the 
existing literature, first describing this 
intracranial tumor in 1614.  Dr. Platter was a 
prominent Swiss physician and anatomist 
who was also the first physician to dissect a 
human body in Germany.  One of his patients, 
Caspar Bonecurtius, developed a 
progressively altered mental status, 
eventually became comatose, and died six 
months later.  Dr. Platter performed an 
autopsy and described, “A round fleshy 
tumor, like an acorn.  It was hard and full of 
holes, and as large as a medium-sized apple.  
It was covered by its own membrane and 
entwined with veins.  However, it was free of 
all connections of the matters of the brain so 
much that when it was removed by hand, it 
left a remarkable cavity.”2 
 
Multiple additional reports describing tumors 
now known as meningiomas were published 
in the years that followed.  Over 150 years 
after Dr. Platter, a French surgeon named 
Antoine Louise published a case series on 
meningioma entitled “Fungueuses de la dure 
–mere” or “Fungating mass of the dura 
matter” in 1771.  In 1863, Dr. Virchow 

Figure 2-6. Cerebrum, cat.  Neoplastic cells often whorl 
around mineralized psammoma bodies.  (HE, 400x)  
(Photo courtesy of:  University of Wisconsin School of 
Veterinary Medicine, Department of Pathobiological 
Sciences, 2015 Linden Dr., Madison, WI 53706 
https://www.vetmed.wisc.edu/departments/pathobiol
ogical-sciences/) 

 

Figure 2-7. Cerebrum, cat.  Neoplastic cells exhibit 
strong cytoplasmic positivity for vimentin.  (a, ntio-
vimentin, 400x) 

https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
https://www.vetmed.wisc.edu/departments/pathobiological-sciences/
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identified granules within meningiomas and 
named the granular bodes “psammomas” 
(sand-like).  In the United States, Dr. William 
Keen successfully resected a meningioma in 
1887.2 

 
Today, approximately 33.8% of all reported 
primary brain and central nervous system 
tumors in the United States (in humans) are 
meningiomas.  Inherited susceptibility has 
been suggested based on family histories as 
well as gene studies in DNA repair genes.  
People with mutations in the neuro-
fibromatosis gene (NF2) have a substantially 
increased risk.  High dose ionizing radiation 
has also been identified as an established risk 
factor. Because women are twice as likely as 
men to develop meningioma and these 
tumors express progesterone receptors, an 
etiologic role for hormones in human 
meningiomas has also been proposed. No 
such female sex predilection exists for dogs 
or cats.12, 15 
 

The primary environmental risk factor for 
humans is exposure to ionizing radiation, 
such as demonstrated in data obtained from 
atomic bomb survivors showing greatly 
increased risk of meningioma.  Evidence also 
exists for lower dose level exposure, such as 
patients with a history of full mouth 
radiographs having significantly increased 
risk for meningioma. 17    
 
In humans, meningiomas often have a long 
latency period (20-30 years or more) and the 
prevalence of subclinical disease is present in 
up to 2.8% of women as suggested by 
autopsy results.  In fact, many meningiomas 
are discovered incidentally via MRIs for 
conditions such as head trauma and are often 
managed “conservatively”, without surgical 
removal unless clinically warranted. 17 

 

Unlike canines, feline meningiomas are not 
typically subtyped.  The features exhibited in 
this case, including whorls around 
psammoma bodies and steams of collagenous 
matrix, would be consistent with a 
transitional meningioma, the most common 
subtype affecting canines. 
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CASE III: S18-1972 (JPC 4136167)    

Figure 3-1. Cerebellum brainstem, dog.  A section of 
brainstem with colliculi and cerebellar folia and vermis 
is submitted; there is no evidence of a lesion at 
subgross magnification. (HE, 5X) 



15 
 

Signalment:  
10-year-old, female, Chihuahua, dog, Canis 
lupus familiaris 
 
History:  
History of coughing, suspicion of aspiration 
pneumonia and megaesophagus. Congenital 
heart malformation (Ventricular Septal 
Defect = VSD) without signs of decomp-
ensation. Epileptic attacks since three years, 
under treatment with levetiracetam, ime-
pitoin and phenobarbital.  
 
 
Gross Pathology:  
At necropsy, the dog was in a good body 
condition with ample body fat. The left 
cranial lobe of the lung was firm and had a 
red color. The remaining lung tissue had a red 
color and was of normal consistency. The 
macroscopic examination of the heart 
confirmed the presence of a VSD, which had 
been previously diagnosed by echocardio-
graphy, and measured approximately 1 cm in 
diameter. Pronounced right atrial myocardial 
dilation was present mostly likely resulting 
from a chronic volume overload due to the 
VSD. The weight of the heart was 44g 
(relative heart weight: 1.76%, Reference 
value in dogs: 0.5-1%). Other findings 
included a moderate dilation of the cranial 
and middle part of the esophagus. All other 

organs, in particular the brain, were 
unremarkable during macroscopic exam-
ination. 
 
Laboratory results: 
No laboratory findings reported. 
 
Microscopic Description: 
Cerebellum and brainstem: Multifocal and 
randomly distributed, there are few to many 
lightly basophilic inclusions within the white 
and grey matter, as well as in all layers of the 
cerebellum, the neuronal perikarya, neuronal 
processes and scattered within the neuropil. 
The inclusions are round to globular, range 
from 2 to 10 µm in diameter and have 
occasionally a pale red center. The peripheral 
margins are either smooth or have a faint, 
perpendicularly oriented striation and most 
deposits have a thin clear halo. Additionally, 
there is mild, multifocal satellitosis and mild 
diffuse increase in microglia. 
 
Contributor’s Morphologic Diagnoses: 
Cerebellum and brainstem: numerous 
intraneuronal basophilic inclusions (poly-
glucosan bodies); mild multifocal satellitosis 
and microgliosis. 
  
Contributor’s Comment:  
Significant histologic lesions of the brain 
involved the cerebrum, the cerebellum, the 
brainstem including the nuclei of the vagus 
nerve. 
 
All basophilic inclusions were strongly 
Periodic Acid-Schiff (PAS) positive and 
were therefore identified as polyglucosan or 
Lafora-like bodies. A total of nine histologic 
sections of brain and vagus nerve were 
examined. 
 
No other histologic changes other than the 
presence of these polyglucosan deposits were 
identified in the brain and vagus nerve. The 
polyglucosan or Lafora-like bodies were 

Figure 3-2. Brainstem, dog.  Brainstem neurons contain 
one or lamellated amphophilic to basophilic 
polyglucosan bodies within their axons or perikarya. 
(arrows) HE, 900X) 
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most numerous in the molecular layer of the 
cerebellum and in the brainstem, smaller 
numbers were seen in other brain 
localizations or in the vagus nerve. No 
deposits were identified in other tissues such 
as liver, cardiac and skeletal muscle or 
esophagus.  
 
The histological examination of the lung 
within the left cranial lobe revealed that the 
alveoli were filled with a large number of 
intact or degenerated neutrophils, 
accumulations of fine fibrillar eosinophilic 
material (fibrin) and protein-rich edema fluid 
and occasional cellular debris (necrosis). 
Within the alveoli, fine granular, green 
material was also detected, and interpreted as 
aspiration of foreign material, resulting from 
the CNS symptoms. Alveolar septa were 
moderately congested and frequently 
necrotic. Interlobular septa were markedly 
expanded/distended by fibrin, edema fluid, 
and inflammatory cells (mostly neutrophils). 
 
The histological examination of the heart was 
unremarkable. 
 
Lafora disease (LD) is an autosomal 
recessive disorder that causes non-fatal 
myoclonic epilepsy.2,6 The disease is 
characterized by the presence of 
polyglucosan inclusion bodies (Lafora 
bodies), predominantly in the central nervous 
system.  
 
More than 90% of human LD cases are 
caused by genetic variants in one of two 
different genes, EPM2A, encoding laforin 
glucan phosphatase, or EPM2B (also known 
as NHLRC1) encoding the NHL repeat 
containing E3 ubiquitin protein ligase 1, also 
termed malin.10,11,12 
 
LD in animals has similar clinical signs as the 
human disease, including spontaneous and 

reflex myoclonus, jerks and generalized tonic 
clonic seizures.  
 
In animals, LD has been reported in the dog, 
cat, cow, and fennec fox.7,8,9 In dogs, LD is 
one of the most commonly recognized 
structural-metabolic epilepsies. A genetic 
abnormality has been identified only in 
canine LD, in association with a repeat 
expansion in the EPM2B gene11 causing a 
functional impairment of the ubiquitin ligase 
malin, which regulates the glycogen 
metabolism. Thus, abnormally structured 
glycogen accumulates and forms poly-
glucosan bodies, predominantly in the 
nervous system.  
 
Miniature wirehaired dachshund is the breed 
most commonly affected. LD cases with 
EPM2B repeat expansion have also been 
reported in the basset hound and beagle. 7,11 
The diagnosis of LD is based on functional 
(clinical sign), genotypic (gene mutation), 
and phenotypic (histopathology) exam-
inations. Histopathologically, LD is char-
acterized by the presence of pathognomonic 
inclusions named Lafora bodies especially in 
the brain, spinal cord and other tissues such 
as skin, liver, cardiac and skeletal muscle. 
 

Figure 3-3. Cerebellum, dog.  Neurons within the 
molecular layer (top) and Purkinje cells (bottom) 
contain one or more lamellated amphophilic to 
basophilic polyglucosan bodies (arrows) in their axons 
or perikaryal. HE, 900X) 
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In this case, no further genetic examination 
was undertaken. 
 
Contributing Institution:  
Institute of Veterinary Pathology, Vetsuisse 
Faculty (University of Zurich),  
Winterthurerstrasse 268, CH-8057 Zurich, 
Fax number +41 44 635 89 34 
www.vetpathology.uzh.ch  
  
JPC Diagnosis: 
Brainstem and cerebellum:  Intraneuronal 
Lafora (polyglucosan) bodies, numerous, 
with mild scattered microgliosis and 
spongiosis. 
 
JPC Comment:   
Lafora disease bears the name of Gonzalo 
Rodríguez-Lafora, who discovered the char-
acteristic intraneuronal bodies in 1911.  Born 
in Madrid in 1886 and the son of a Spanish 
army officer, Lafora spent part of his 
childhood in the Spanish colony of Puerto 
Rico (before the Spanish-American War of 
1898) before attending medical school at the 
Central University of Madrid and receiving 
his medical degree at the age of 21.  He went 
on to pursue additional study in the field of 
neuropsychiatry at multiple prominent 
Spanish, French, and German institutions in 
the years that followed.  In 1910, he was 
appointed as the neuropathologist for the 
Government Hospital for the Insane in 
Washington D.C., during which time he 
discovered the intraneuronal bodies that bear 
his name today while studying familial 
myoclonic epilepsy.  Throughout his career, 
Lafora published approximately 200 papers, 
including original works on sleep, 
neurosyphilis, histological alterations in 
dementias, and studies on schizphrenia.  In 
addition to his professional life as a 
neurologist, pathologist, and psychiatrist, 
Lafora was also an impressionist painter, 
specializing in cubism.13 

 

Interestingly, the first clinical signs of Lafora 
disease in both humans and dogs occur at a 
similar chronological age (in dogs at seven 
years of age and during late childhood 
/adolescence in humans). The disease then 
progresses at a similar rate of the remaining 
lifetime of the dog and over 10 years in 
humans. This is unique in that other 
equivalent neurodegenerative diseases 
between the two species occur at the same 
epigenetic age (i.e. a disease affecting an 
adolescent human will occur in an 8-10 
month old puppy).16 

 
As noted by the contributor, Lafora disease 
has no cure and is one of the severest forms 
of familial myoclonic epilepsies observed in 
several species, but particularly in humans 
and dogs.  In dogs, Lafora disease is caused 
by a repeat expansion in the NHL repeat 
containing the E3 ubiquitin protein ligase 1 
(NHLRC1) gene.  Compared to other species, 
dogs are predisposed to Lafora disease, with 
affected individuals carrying 19-26 copies of 
the repeat sequence rather than the expected 
2-3.16   
 
Under normal conditions, glucose is stored as 
soluble glycogen.  However, in the absence 
of NHLRC1 (EPM2B), glycogen is mal-
structured and becomes an insoluble complex 

Figure 3-4. Brainstem, dog.  Lafora bodies are easily 
demonstrated with a periodic acid-Schiff stain (PAS, 
400X) 

http://www.vetpathology.uzh.ch/
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polyglucosan.3,16 Over time, this abnormal 
glycogen accumulates into Lafora bodies in 
neurons and astrocytes.  This results in 
progressive neuronal degeneration, which is 
driven by impaired astrocytic function and 
neuroinflammation. The mechanism in which 
Lafora disease results in myoclonic epilepsy 
is uncertain. However, there is increasing 
evidence that accumulation of glycogen 
within astrocytes plays a central role in the 
pathogenesis. It is hypothesized that 
inflammation, astrocyte reactivity, and 
activation of microglia play a major role in 
the triggering of seizures. Interestingly, 
blocking brain glycogen synthesis in mouse 
Lafora disease models prevents disease 
progression.16 
 
In humans, Lafora disease clinically 
manifests as myoclonus (photomyoclonic 
response), tonic-clinic seizures, visual 
hallucinations, and blindness.  The disease 
rapidly progresses, leading to more severe 
and frequent seizures with increased re-
fractoriness, ataxia, dementia, and eventually 
a vegetative state.  Human patients typically 
die within 10 years of onset due to status 
epilepticus. Dogs demonstrate a similar 
clinical progression, with the addition of 
aggression and incontinence, and are 
typically euthanized when quality of life is 
significantly impacted by the disease.14,16 

 
Although Lafora bodies are a characteristic 
feature of Lafora disease, the presence of 
these 5-20 µm, periodic acid-Schiff (PAS) 
positive, basophilic, intracytoplasmic Lafora 
bodies is not pathognomonic for the disease.  
In fact, Lafora bodies are most frequently 
identified as incidental findings in aged 
animals.  However, in cases of Lafora disease 
they occur in massive numbers, such as in 
this case.3 

 

Lafora disease is an autosomal recessive 
species wide disorder in canines that will 

likely continue to spontaneously appear in 
many breeds and mixed breed dogs.  Given 
this disease has been reported in multiple 
breeds, genetic testing should be considered 
when designing breeding strategies in 
affected breeds, especially those with small 
genetic pools.  This is complicated by the fact 
Lafora disease has a late onset in dogs and 
many are bred before developing clinical 
signs.  Muscle biopsy is a useful ancillary 
test, especially for breeds where genetic tests 
are available or have not been sufficiently 
validated.  The optimal site for muscle biopsy 
is the tissue adjacent to the myotendinous 
insertion and the myofascial union as Lafora 
bodies are only sparsely scattered in the 
muscle belly area.16 Interestingly, a 2011 
study evaluating quadriceps biopsies from 
mice identified Lafora bodies only within 
type II myofibers, with none found within 
type I fibers.15 This finding has since been 
documented within canine skeletal muscle.4 

 

In addition to the mainstay treatment of 
antiepileptic medications, ketogenic diets 
have been receiving attention in regard to 
management of this disease.  These diets 
maintain blood glucose concentrations in the 
low normal range, resulting in the brain using 
ketones for energy production.  In addition, 
this type of diet is also antiepileptic due to γ-
glutamyl transpeptidase and γ-glutamylation 
inhibition. A lifelong ketogenic diet in a 
mouse model of Lafora disease reduced the 
number of Lafora bodies; however, human 
studies were less promising but did suggest 
the disease’s progression was delayed if a 
ketogenic diet was started early in the 
process.  Ketogenic diets have not yet been 
trialed for dogs with Lafora disease, although 
their utilization is often used on an empirical 
basis.16 
 
Determination of the morphologic diagnosis 
elicited spirited and robust discussion 
amongst participants. Approximately half 
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favored "degenerative encephalopathy" as 
the primary lesion being due to the presence 
of insoluble Lafora bodies within neurons, an 
inherently degenerative lesion ultimately 
resulting in neuronal dysfunction. Remaining 
participants favored the selected morph-
ologic diagnosis of "intraneuronal Lafora 
bodies" based on the paucity of neurons 
exhibiting classic characteristics of 
degeneration, including cell shrinkage, loss 
of Nissl substance, intensely eosinophilic 
cytoplasm, and a pyknotic nucleus. 
Regardless of institutional and training 
background, there is no debate in regard to 
the degenerative and progressive nature of 
Lafora disease as an entity. 
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CASE IV: N9757432 (JPC 4101492)    
 
Signalment:  
7 year-old, male neutered, Labrador 
Retriever dog (Canis familiaris) 
 
History:  
A 7 year old Labrador Retriever presented to 
the Emergency Service for cluster seizures. 
He had a previous history of chronic, 
intermittent chewing behavior which had not 
responded to medical management with 
anticonvulsants, steroids, and pain relievers. 
On presentation, the patient was experiencing 
a generalized seizure which was mitigated 
with diazepam administration, however, 
focal facial seizures continued to occur. 
Following diazepam administration, the dog 
was laterally recumbent, poorly responsive, 
dehydrated and hyperthermic. He was 
admitted to the hospital for supportive care, 
anticonvulsant therapy, and a diagnostic 
workup. Overnight, he was treated with fluid 
therapy and long-acting anticonvulsants prior 
to being transferred to the Neurology service.  
 
An MRI showed diffuse cerebral edema with 
herniation, and a right-sided mass effect, 
however, a discrete mass was not visualized 
with or without contrast enhancement. The 
dog was discharged, but remained dull with 
intermittent jaw chomping and required 
ambulatory support.  The jaw chomping 
increased in frequency over the 6 weeks, after 
which the owners elected euthanasia. 
 
Gross Pathology:  
The brain is removed. The right side is more 
congested as compared to the left. No 
obvious masses are found with external 
evaluation. The occipital lobes are bilaterally 
mildly indented (presumed subtentorial 
herniation). Despite the lack of gross 
evidence of foramen magnum herniation, 
there is a locally extensive region of lepto-
meningeal hemorrhage at the brainstem, 

adjacent to the cerebellar vermis that 
measures 2.5 x 0.5 cm.  
    The fixed brain is sectioned. There is right 
and left sided expansion of the white matter. 
On the right side, there is cavitation of the 
centrum semiovale at the level of the caudate 
nucleus with hemorrhage and necrosis in the 
corresponding and contralateral pyriform 
lobes. On the left side, at the level of the 
thalamus and midbrain, there is white matter 
expansion with a mild midline shift and 
mottling of the cerebral cortex on the right 
and left sides. These images can be compared 
with the MRI imaging which shows 
hyperintensity of the right centrum semiovale 
and pyriform lobes and enlargement of the 
hippocampus with cerebrocortical hyper-
intensities. 
 
Laboratory results: 
History of elevated RMSF titers, antigen test 
negative. 
CSF (6 weeks before necropsy): Neutrophilic 
pleocytosis 
 
Microscopic Description: 
Samples include either one slide containing 
cerebral cortex and corpus callosum with 
medulla, cerebellum and caudal colliculus, or 
cerebral cortex, corpus callosum, hippo-
campus, thalamus and pineal gland. 
Multifocally throughout the samples, in grey 
and white matter, there are populations of 
poorly defined, pleomorphic, spindle shaped 
cells, haphazardly infiltrating the neuro-
parenchyma with rare formation of parallel 
fascicles. These cells are markedly 
pleomorphic, with scant to moderate amounts 
of elongate, eosinophilic cytoplasm, and 
ovoid to slender or twisted nuclei. Nuclei 
exhibit up to 4-fold anisokaryosis, with 
coarse chromatin, frequently indistinct 
nucleoli, and an occasional large, magenta 
nucleolus. There are 10 mitoses in 10 high 
power fields, with variation throughout the 
samples. The spindle cells multifocally form 
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aggregates in subpial and perivascular 
regions, with less frequent neuronal 
satellitosis. In the medulla, the nuclei are 
more intensely infiltrated by these spindle 
cell populations. In regions of higher 
cellularity and edema, there is rarefaction and 
malacia with gliosis including numerous 
gemistocytic astrocytes, Gitter cells, myelin 
vacuolation and axonal swelling (spheroid 
formation). Neuronal degeneration and loss 
are observed, most prominently in the 
hippocampus, with regional gliosis and 
gemistocytic astrocytosis.  
 
Immunohistochemistry for CD18, GFAP: 
CD18 staining reveals detectable antigen 
within cells in between the pleomorphic, 
spindle shaped cells, but does not stain the 
atypical cell population. GFAP reveals 
detectable antigen within astrocytes between 
pleomorphic spindle cell populations.  

Contributor’s Morphologic Diagnoses:  
Brain (cerebrum, thalamus, midbrain, 
cerebellum): Gliomatosis cerebri (type I-like) 
with white matter cavitation, rarefaction, 
necrosis, gliosis with gemistocytic 
astrocytosis, spheroid formation, neuronal 
degeneration and loss. 
 
Contributor’s Comment: 
The lesion in this case was characterized by 
widespread infiltration by a population of 
elongate, hyperchromatic cells, with no 
distinct mass formation. Multiple portions of 
the brain were affected, including multiple 
lobes within the cerebrum, thalamus, 
midbrain, cerebellum and medulla. These 
cells were present both on the right and left 
sides of the brain. The differential diagnoses 
included diffuse astrocytoma, micro-
gliomatosis and more remotely, lymphoma, 
primitive neuroectodermal tumors (PNETs) 

Figure 4-1. Brain, dog.  Fig. 1.  MRI imaging shows hyperintensity of the right centrum semiovale and pyriform lobes.  
Fig. 2. The gross specimen demonstrates corresponding cavitation of the centrum semiovale at the level of the caudate 
nucleus with hemorrhage and necrosis in the corresponding and contralateral pyriform lobes. Fig 3.  The MRI shows 
enlargement of the hippocampus with cerebrocortical hyperintensities. Fig. 4.  On the left side, at the level of the 
thalamus and midbrain, there is white matter expansion with a mild midline shift and mottling of the cerebral cortex on 
the right and left sides. (Photo courtesy of:  The Animal Medical Center, 510 East 62nd St. New York, NY 10065 
www.amcny.org. 

http://www.amcny.org/
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and gliosis.3 Due to the widespread nature of 
the infiltration and presence of atypia within 
this population, gliomatosis cerebri (GC) was 
given primary consideration. Immuno-
histochemistry for GFAP and CD18 was 
negative in the atypical cell populations, 
which is supportive of GC. The infiltration 
was accompanied by marked white matter 
cavitation with malacia, rarefaction, neuronal 
loss and gliosis including gemistocytic 
astrocytosis. These findings are interpreted to 
be secondary.  
 
Gliomatosis cerebri (GC) is a rare neoplasm 
of unknown cell origin but is classified as a 
glial cell tumor in the WHO classification of 
tumors of the nervous system.5,6,7 GC is a 
well-recognized entity in human medicine, 
characterized by widespread infiltration with 

preservation of the architecture of the 
brain.5,7 Gliomatosis in humans is divided 
into two subtypes. Type I is the most 
common and presents as a diffuse infiltration 
of the brain with no mass lesion. With type II 
gliomatosis, the diffuse infiltrate is 
accompanied by a mass lesion.1,6,7 Glio-
matosis cerebri in dogs more commonly 
resembles type I GC,7 although multiple 
cases of type II-like GC in dogs were recently 
reported, and the authors recommended that 
canine GC should also be subclassified in this 
manner.1  
 
The cell of origin is controversial. In humans, 
these neoplastic cells are immunoreactive for 
GFAP, which supports astrocytic differ-
entiation,6 however, canine cases 
consistently do not exhibit immunoreactivity 

Figure 4-2. Brain, dog.  Fig. 5.  Subgross view of the slide which contains cerebral cortex and corpus callosum with 
medulla, cerebellum and caudal colliculus Fig. 6.  Neoplastic spindle cells multifocally form aggregates in subpial region.  
Fig. 7.  Neoplastic spindle cells multifocally form aggregates in perivascular areas.  Fig 8. Mitoses are common (arrows) 
(Photo courtesy of:  The Animal Medical Center, 510 East 62nd St. New York, NY 10065 www.amcny.org.) 

http://www.amcny.org/


23 
 

for GFAP, suggesting that these cells are not 
astrocytes.6 In one veterinary study, CD18 
expression was observed in a subpopulation 
of neoplastic cells for one case, suggesting 
divergence along the monocyte/ 
macrophage/microglial cell line, and a more 
accurate diagnosis of microgliomatosis.6 In 
another study, cases of canine GC were 
immunoreactive for Olig-2 and negative for 
GFAP, thus the authors suggested that GC 
may be a neoplasm of oligodendrocytes.1 
Unfortunately, Olig-2 was not performed in 
this case. 
 
Dogs with GC have been reported to range 
from 3 to 11 years of age, with clinical signs 
including general mentation changes, post-
ural reaction deficits and cranial nerve 
dysfunction.6 The duration of these clinical 
signs is variable, ranging from 1 week to 6 
months.7 In humans, common clinical 
symptoms include corticospinal tract deficits, 
dementia, headaches, seizures, mental and 
behavioral changes.7 In one study, four of six 
dogs with GC were males. No sex 
predilection is reported in people with GC.6,7 
Bearded collies may be genetically 
predisposed to GC, as a cluster of cases have 
been observed in young siblings of multiple 
families.2 
 
In reported cases of GC in dogs, there is 
variation in the area of brain involvement, 
with the cerebrum most consistently affected, 
and frequent concurrent brainstem involve-
ment.7 In one case series, limited disease was 
reported in two cases; one with caudal 
brainstem and spinal cord involve-ment, and 
the other with spinal cord involvement at the 
level of T13 and L2.1,6 In humans, neoplastic 
infiltration typically involves two or more 
cerebral lobes, the corpus callosum, 
diencephalon, basal nuclei with variable 
brainstem involvement.6 In this case, 
multiple cerebral lobes were involved, as 
well as the corpus callosum, diencephalon 

and basal nuclei. In both humans and dogs, 
the white matter is typically more affected 
than the grey matter.7 A tropism for brain 
nuclei has been reported in canine cases, but 
is not recognized in humans.7 Additional 
common features include neuronal 
satellitosis, subpial and subependymal 
accumulations, perivascular cuffing, and a 
parallel arrangement of the neoplastic cells 
within white matter tracts. Subpial and 
perivascular aggregates were observed in this 
case.  
 
Imaging findings with GC are nonspecific, 
making antemortem diagnosis and differ-
entiation from other disease processes 
difficult.6 Histopathology is required for 
definitive diagnosis.6 In one study of seven 
dogs with GC, the neuroanatomic location, 
MRI and gross necropsy findings were 
suggestive of a focal lesion, however, diffuse 
CNS infiltration was documented with 
histologic examination.1 Minimal findings 
were observed on the MRI in many of the 
cases.1 Interestingly, an MRI performed on 
this patient 4 months earlier at another 
institution showed no appreciable 
abnormalities. An additional characteristic of 
GC is lack of contrast enhancement with 
MRI,1 also observed in this case. In the 
aforementioned study, neoplastic cells were 
present bilaterally even in cases with 
unilateral or no lesions identified with 
imaging. MRI was unable to predict lesion 
location in 6 cases, and all 7 cases had 
histologic lesions in regions that appeared 
grossly normal.1 
 
Contributing Institution:  
Animal Medical Center, 510 East 62nd St. 
New York, NY 10065 
www.amcny.org 
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JPC Diagnosis: 
Cerebrum and brainstem:  Astrocytoma, high 
grade, with diffuse gliomatosis cerebri-like 
infiltration. 
 
JPC Comment:  
This 2017 WSC submission includes an 
excellent description and overview of 
gliomatosis cerebri, a rare neoplasm of both 
canines and humans thought to be of glial cell 
origin. 
 
The term “gliomatosis cerebri” was first used 
in human neuropathology in 1938 to describe 
CNS neoplasms with widespread infiltration 
of the telencephalic hemispheres.  Over the 
following decades, the WHO Classification 
of Tumors of the Central Nervous System 
defined gliomatosis cerebri as a diffusely 
infiltrative neuroepithelial neoplasm with 
widespread involvement of more than two 
cerebral lobes with or without involvement of 
the deep gray matter structures (such as basal 
nuclei and thalamus), brainstem, cerebellum, 

and spinal cord.  As discussed in greater 
detail below, the veterinary community is 
transitioning away from this grading scheme.  
Using this scheme, however, most 
gliomatosis cerebri cases are classified as a 
grade 2 or 3 glioma, occurring as either a 
primary or secondary gliomatosis cerebri.  
Primary gliomatosis cerebri are further 
classified as type I or II, as previously 
described by the contributor. Secondary 
gliomatosis cerebri are characterized by 
diffuse spread of neoplastic cells arising from 
a primary glioma. Despite aggressive 
treatment, including surgery, radiation, and 
chemotherapy, these neoplasms have a poor 
prognosis due to their clinical, 
morphological, and molecular heterogeneity 
which hinders attempts to assess the efficacy 
of specific therapies in humans.  The vast 
majority of dogs are euthanized soon after 
diagnosis.8      
 
Following this case’s submission, additional 
tissues were separately evaluated as part of a 

Figure 4-3. Brain, dog.  Fig. 9, 10.  Neoplastic cells fail to stain with CD18.    Figs 11, 12.  GFAP stains astrocytes and their 
processes in the midst of neoplastic cells.   (Photo courtesy of:  The Animal Medical Center, 510 East 62nd St. New York, 
NY 10065 www.amcny.org.) 

http://www.amcny.org/
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case series evaluating the morphologic and 
immunohistologic characteristics of 24 cases 
of canine gliomatosis cerebri.8 Neoplastic 
cells from this case were immunoreactive to 
both GFAP and Olig2, confirming the 
contributor’s suspicion of astrocytic origin 
based on cellular morphology.  
 

Although a useful diagnostic aid, Olig2 and 
GFAP immunohistochemical stains are not 
specific for oligodendrocytes and astrocytes, 
respectively. However, strong diffuse nuclear 
immunoreactivity for Olig2 is highly con-
sistent with glial histiogenesis. In the recent 
case series of 24 gliomas of diffuse growth 
pattern, neoplasms with oligodendrogial 
morphology had stronger and more 
widespread nuclear immunoreactivity to 
Olig2 associated with a less consistent or 
absent immunoreactivity for GFAP.  In 
contrast, strong cytoplasmic GFAP immune-
reactivity was evident and more consistent in 
neoplasms with astrocytic morphology as 
well with undefined gliomas.  CNPase can be 
used to confirm oligodendroglial differ-
entiation in cases in which morphology is 
consistent with glioma but Olig2 and GFAP 
are inconclusive.8  
 
As alluded to above, the veterinary 
profession is transitioning away from 
“gliomatosis cerebri” as a distinct neoplastic 
entity.  This shift is linked to the term’s 
elimination from the 2016 WHO CNS tumor 
classification system due to lack of consensus 
in terms of definition, morphology, 
molecular profile, and treatment, as well as 
the alignment of these cases with existing 
molecular profiles of astrocytic or 
oligodendroglial tumors in humans.  As a 
result, "gliomatosis cerebri" is no longer 
considered a distinct tumor entity but rather a 
type of growth pattern that is rarely found in 
humans.  These tumors are now categorized 
as either an astrocytoma, oligodendroglioma, 

or undefined glioma with a diffuse infiltrative 
growth pattern.4,8  
 
As previously seen with WSC#7 – Case 1, the 
tumor classification scheme applied to this 
neoplasm has changed since its submission to 
the WSC based on the recommendations 
from the National Cancer Institute-led 
multidisciplinary Comparative Brain Tumor 
Consortium (CBTC). These changes simplify 
the diagnostic grading scheme of glial tumors 
and align classification schemes between 
veterinary and physician neuropathology, 
which will serve to harmonize future 
comparative research and hypothesis-based 
investigations designed to aid in clinical 
management of both canine and human 
glioma patients.4 
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WSC 2021-2022 Self-assessment 

Conference 7  

1.  True or false.  The risk of glioma is significantly higher in brachycephalic breeds as compared to 

dolicocephalic breeds? 

a. True 

b. False 

 

2. Under the new grading schema by the National Cancer Institute-led multidisciplinary 

Comparative Brain Tumor Consortium, which of the following is not characterized as a 

glioma? 

a. Astrocytoma 

b. Ependymoma 

c. Undefined glioma 

d. Olilgodendroglioma 

3. As compared to canine meningiomas, meningiomas in the cat are more infiltrative and difficult 

to remove from the underlying cerebral tissue? 

a. True 

b. False 

 

4. Which of the following is the most common clinical presentation of Lafora body disease in the 

dog? 

a. Hyperaggression 

b. Quadriparesis 

c. Myoclonus 

d. Hyperesthesia 

 

5. Which of the following is not a typical feature of gliomatosis cerebri:  

a. highly infiltrative 

b. formation of secondary structures 

c. microvascular proliferation  

d. mitotic activity 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: J1251 (JPC 4116584)     
 
Signalment:  
Sixteen year old neutered female cat (Felis 
vulgaris) 
 
History:  
This animal was admitted to a local 
veterinarian with symptoms of chronic 
vomiting and polyuria and polydipsia. The 
owner was not motivated to do further 
diagnostic work and opted for euthanasia. 
The animal was brought to the veterinary 
faculty to be necropsied for educational 
purposes.  
 
Gross Pathology:  
On post-mortem examination, the four 
footpads of the cat were markedly swollen 
and very soft. There was mild hyperkeratosis 
and the footpads were dark red to cyanotic. 
On cut-section, the tissue within the footpad 
was diffusely mildly hemorrhagic and very 
soft in consistency. 
 
Laboratory results: 
No blood or other fluids were taken for 
further analysis. 
 
Microscopic Description: 
Footpad - The dermis is markedly expanded 
by multiple nodules and diffuse aggregates of 
inflammatory cells which are incon-

spicuously oriented around larger blood 
vessels and reach the epidermis and infiltrate 
in lobules of adipocytes. These infiltrates 
consist of large numbers of plasma cells 
which are oval-shaped, possess a moderate 
amount of basophilic cytoplasm and an 
eccentric small round nucleus (giving a 
‘fried-egg’ appearance). Scattered among 
those plasma cells are many plasma cells 
which are swollen by a large amount of 
brightly eosinophilic globules (Russell 
bodies) in the cytoplasm, which pushes the 
nucleus to the periphery (Mott cells). 
Admixed with the plasma cells are moderate 
numbers of lymphocytes and macrophages. 
Within the dermis, there are irregular foci of 
necrosis with disruption of collagen fibers, 

Figure 1-1. Footpad, cat. All four footpads of this cat were 
soft, partially collapsed, dark red, and had patch mild 
hyperkeratosis. (Photo courtesy of Dept of Pathology, 
Bacteriology and Poultry diseases, Faculty of Veterinary 
Medicine – Ghent University, Salisburylaan 133, 9820 
Merelbeke, Belgium 
http://www.ugent.be/di/en/departments?ugentid=DI05)  

 

http://www.ugent.be/di/en/departments?ugentid=DI05
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cellular debris and karyorrhectic fragments. 
Scattered melanocytes are found in the 
superficial dermis (pigmentary incon-
tinence). The epidermis is covered with 
multiple layers of orthokeratotic keratin. 
 
Contributor’s Morphologic Diagnoses:  
Footpad; Plasmacytic pododermatitis, 
severe, multinodular, chronic with mild 
orthokeratotic hyperkeratosis 
 
Contributor’s Comment 
Identifying the tissue as a footpad without 
prior knowledge of where the tissue was 
taken, might be challenging, but the 
characteristic histological properties of this 
entity together with the presence of non-
haired skin should guide one to the paws. 
Feline plasma cell pododermatitis (FPP) is a 
rare condition with unknown etiology. An 
immune-mediated pathogenesis seems plaus-
ible, due to resolution of lesions and clinical 
symptoms after administration of immuno-
suppressive drugs and marked hyper-
gammaglobulinemia.6,8 Some patients 
require life-long therapy.8 Food hyper-
sensitivity was suspected to be part of the 
underlying cause in some cats, as patients 
improved with hyposensitive diets. Seasonal 
waxing and waning has also been described.8 

A large proportion of affected cats test 
positive for FIV, suggesting a possible role in 
the development of this entity.6 Some cats 
exhibit concurrent plasmacytic stomatitis, 
renal amyloidosis or immune-mediated 
glomerulonephritis.6 Unfortunately, the kid-
neys were not histologically examined, but 
had no gross abnormalities. There is no 
breed, sex or age predisposition.5,6,8  
 
Affected footpads are markedly swollen and 
filled with a soft hemorrhagic tissue. There 
may be mild hyperkeratosis present. All four 
paws may be affected, but not necessarily. 
The gross and histologic appearance is 
practically pathognomonic. An interesting 
case of a different presentation of likely 
similar pathogenesis was found in a 7-month-
old cat with a firm, haired rounded swelling 
on the bridge of the nose. Histologically, the 
lesion closely resembled FPP with peri-
vascular to diffuse infiltrates of plasma cells. 
This animal did not show any signs of FPP.4 

 
Contributing Institution:  
Department of Pathology, Bacteriology and 
Poultry diseases 
Faculty of Veterinary Medicine – Ghent 
University 
Salisburylaan 133 
9820 Merelbeke 
Belgium 
http://www.ugent.be/di/en/departments?uge
ntid=DI05  
  
JPC Diagnosis: 
Footpad: Pododermatitis, plasmacytic, multi-
nodular, severe. 

JPC Comment:   
The contributor provides a good overview of 
feline plasma cell pododermatitis associated 
literature associated with this rare condition 
with an unknown underlying cause.  As noted 
within the contributor’s description, this 
condition is often associated with Mott cells 
and Russell bodies, which are both known to 

Figure 1-2. Footpad, cat. A partial section of the 
carpal pad is presented for examination. 
Approximately 75 % of the lobules have footpad 
adipose tissue are infiltrated and/or replaced by a 
cellular infiltrate. (HE, 8X) 

about:blank
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occur in reactive and neoplastic plasma cell 
disorders.1,2,6   
 
The term “Mott cell” is derived from a 
surgeon, F.W. Mott, who described “morular 
cells” (Latin: morus “mulberry) with 
spherical inclusions packed into the cyto-
plasm while describing sections of brain 
tissue from monkeys experimentally infected 
with various species of genus Trypanosoma 
while investigating “sleeping sickness” in 
1905.7 He recognized the cells were plasma 
cells and indicative of chronic inflammation.7 
However, the first description of these cells is 
most likely attributed to William Russell.  
Russell was a pathologist at the School of 
Medicine at the Royal Infirmary in Edin-
burgh. Thinking he had discovered the 
organism that caused cancer, he addressed 
Pathological Society of London in December 
1890 and described large spherical inclusions 
within cells that often occupied the entire 
cytoplasm and compressed the nucleus.  We 
now know these inclusions, which may occur 
in both plasma cell neoplasms and reactive 
conditions, are derived from immuno-
globulin.1,2   

 
The term “Russell body” is inconsistently 
used between countries and even within 
countries, with some pathologists using the 
term to only refer to a single large spherical 
inclusion displacing the nucleus whereas 
others use the term to refer to the multiple 
inclusions within Mott cells. Hand-drawn 
illustrations of Russell’s article reveals he 
observed multiple spherical inclusions within 
single cells.  Mott cells therefore contain 
Russell bodies, as reflected in the con-
tributor’s microscopic description in this 
case.1,2     
 
“Immunomodulatory-responsive lymphocy-
tic-plasmacytic pododermatitis” has been 
proposed to denote a similar condition in 
domestic canines, with a report describing the 
condition in 20 adult dogs of various breeds. 
There was chronic (≥ 6 months) 
inflammation confined to the pedal skin in 
each case, with lesions present on all four feet 
in 18/20 cases. Lesions were histo-
pathologically characterized by epidermal 
hyperplasia, hyperkeratosis, spongiosis, 
dermal edema, and perivascular aggregates 

Figure 1-3. Footpad, cat. The lobular adipose tissue and embedded eccrine glands are replaced by a dense infiltrate 
composed primarily of plasma cells.  (HE, 125X) 
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of lymphocytes and plasma cells.  Affected 
dogs had significantly elevated serum IgG 
and IgM concentrations.  None of the dogs 
responded to antimicrobial therapy admini-
stered over an 8-week period, had evidence 
of ectoparasitism, satisfied criteria for atopic 
dermatitis, nor responded to a dietary trial 
using a novel protein source. Each dog 
responded to immunosuppressive doses of 
prednisone or cyclosporine.3 

 

During the conference, the moderator noted 
areas within the section with scant refractile 
anisotropic material associated with epi-
thelioid macrophages and rare multi-
nucleated giant cells. Although advanced 
diagnostics are required for confirmation, 
this is a common observation in cases of 
feline plasma cell pododermatitis and is 
consistent with a local foreign body reaction 
to embedded cat litter.     
 
References:  
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Am J Hematol. 2009;84(8):516. 
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CASE II: PV406-20 (JPC 4162140)     
 
Signalment:  
Eight-year-old female spayed Border collie, 
canine. 
 
History:  
Alopecia and hyperpigmentation for a few 
months. Gradually presented with marked 

Figure 1-4. Footpad, cat. Mott cells replete with large 
eosinophilic cytoplasmic Russell bodies are scattered 
throughout the infiltrate.  (HE, 750X) 

Figure 2-1. Haired skin, dog. Three sections of haired 
skin are submitted for examination; there are no 
subgross lesions.  (HE, 5X) 
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areas of alopecia of black skin. Negative for 
demodecosis. No response to antimycotic 
treatment for two weeks. Biopsies of skin 
from the leg and from the side of the mouth. 
 
Gross Pathology:  
Wedge biopsies of skin. 
 
Laboratory results: 
No laboratory findings reported. 
 
Microscopic Description: 
Serial sections of the skin samples submitted 
are evaluated. The epidermis appears to be 
thinner than normal. There is mild diffuse 
hyperkeratosis. Hair follicles are in all stages 
of growth. Small to moderate numbers of 
lymphocytes are forming aggregations 
around hair follicles, infiltrating anagen 
bulbs. There is occasional swelling of 
acanthocytes of the bulb epithelium and 
pyknosis of epithelial cells in occasional 
anagen bulbs. 
 

Contributor’s Morphologic Diagnoses:  
Lymphocytic folliculitis (bulbitis), findings 
most compatible with alopecia areata. 
 
Contributor’s Comment: 
Alopecia areata is uncommon in dogs and 
very rare in cats. It may be focal, multifocal 
or generalized (alopecia universalis). It is 
mostly characterized by well-defined patches 
of hair loss, usually non-scarring and non-
inflammatory.2,3,4 The patches of alopecia 
most commonly present in the skin of the 
head or face. Legs may also be affected. 
Leukotrichia is occasionally observed. The 
areas of alopecia may become variably 
pigmented and may be bilaterally sym-
metrical. Occasionally, alopecia areata may 
be confined to the dark-haired areas of 
multicolored hair coats.3 There is no apparent 
age predilection and there are no studies on 
breed predisposition, but it is thought that 
German shepherds, dachshunds and beagles 
may be predisposed.4 

 

Figure 2-2. Haired skin, dog. Hair follicles and adnexa and infiltrated by low to moderate numbers of lymphocytes, with 
few neutrophils. In addition to lymphocytes infiltrating the hair bulb, there is multifocal pyknosis. (HE, 230X) 
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In alopecia areata cycling is interrupted. It is 
believed that the lesions are caused by an 
immune-mediated mechanism directed 
against hair follicles in humans, nonhuman 
primates, dogs, cats, horses and cattle, which 
may be modulated by genetics and hor-
mones.3,4 Environmental factors such as 
stress, vaccination, infection and diet may 
affect the development of the disease.4 

 
The histological findings initially may 
present by accumulation of lymphocytes 
("swarm of bees") in and around the inferior 
segment of anagen hair follicles. But more 
commonly subtle aggregations of lympho-
cytes, macrophages and even some plasma 
cells are observed around the inferior portion 
of the hair follicle (peribulbar).2 Occasionally 
neutrophils may be observed.4 Peribulbar 
mucin deposition and pigmentary in-
continence may also be seen.4 Sebaceous 
glands are normal.2 

 
Immunostaining to detect CD3+ and CD8+ 
lymphocytes may be helpful in some cases. 
In chronic cases the histological findings 
consist of a predominance of catagen and 
telogen hair follicles as well as follicular 
atrophy.1 Therefore, early sampling and 
submission of multiple biopsies is strongly 
recommended for accurate diagnosis.4 

 
Diagnosis is fairly straightforward if bulbitis 
is observed histologically. Differential diag-
nosis should include other syndromes with 
mural/isthmus folliculitis, such as pseudo-
pelade, as in some severe cases, the 
lymphocytic infiltration of alopecia areata 
may progress towards the isthmus of the hair 
follicle, and isthmus and mural folliculitis of 
other syndromes may progress towards the 
bulb. It is important to note though, that in 
other syndromes, the follicular bulb is not 
affected.1 

 

The differential diagnosis is of prognostic 
importance because hair loss in alopecia 
areata is usually transient. Alopecia in 
pseudopelade is usually permanent.  
 
Reorientation and/or step sectioning of skin 
samples should be considered in cases where 
the clinical presentation is highly suspicious 
and subtle bulbitis can’t be observed 
histologically.1,4 

 
The prognosis for alopecia areata is good, 
with 60% of the cases having spontaneous 
and complete hair regrowth. However, 
sometimes the hair regrowth is white.1,2,3 

Treatment with immunosuppressive doses of 
prednisone is often effective.3 

 
Contributing Institution:  
The Weizmann Institute of Science 
http://www.weizmann.ac.il/  
  
JPC Diagnosis: 
Haired skin, anagen follicles:  Bulbitis, 
lymphocytic, multifocal, mild. 

JPC Comment:   
The contributor provides a concise review of 
alopecia areata, a condition that affects 
multiple species, including humans.  In the 
United States, this condition affects 4.5 
million people. Amongst the worldwide 
human population, the prevalence is up to 
0.2% with a calculated lifetime risk of 2%.  
Although children are rarely affected, 66% of 
those affected are younger than 30 years of 
age and only 20% are older than 40 years of 
age.  The condition is also associated with in 
increased risk of other autoimmune dis-
orders, such as lupus erythematosus, vitiligo, 
and autoimmune thyroid disease.1  

 

Normal hair growth occurs via a repetitive 
cyclic process. Healthy hair follicles tran-
sition from a period of very rapid growth, 
pigmentation, and hair-shaft production 
(anagen) to a short, apoptosis-driven phase of 

about:blank
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involution (catagen).  Following catagen, hair 
follicles undergo a period of relative 
quiescence (telogen) before reentering 
anagen.  This regenerative cycle is made 
possible by an abundance of keratinocyte and 
melanocyte stem cells predominantly located 
in the hair bulb.  Hair follicle cycling and 
regeneration are stem-cell dependent and 
hair-shaft production and pigmentation are 
accomplished by differentiated progeny of 
these stem cells.  These rapidly proliferating 
keratinocytes and pigment producing 
melanocytes reside in the anagen hair matrix, 
the primary target of inflammation in 
alopecia areata.1   
 
A key feature of alopecia areata is in-
flammatory cells only attack anagen hair 
follicles, resulting in their premature reentry 
into the catagen phase.  The hair shaft is 
rapidly shed from the follicle as a result of 
inflammation induced dystrophy. However, 
the follicle often retains the ability to 
regenerate and continue cycling since hair 
follicle stem cells are not usually lost, which 
is in contrast to other disorders that may 

result in scarring.1 Histologic sections 
obtained from chronic and clinically static 
cases often demonstrate predominately 
telogen follicles and follicular atrophy, which 
are non-diagnostic and may result in the 
misdiagnosis of an endocrine skin disorder.3     
 
The pathogenesis of alopecia areata is not 
completely understood although it is pre-
sumably an autoimmune alopecic inflam-
matory disorder directed against hair 
follicles.2 Notably, several autoantigens 
associated with pigment production are 
immunogenic. One theory is alopecia areata 
occurs as the result of melanogenesis-
associated autoantigens generated during 
active hair shaft pigmentation (in addition to 
other anagen associated hair follicle 
autoantigens) attracting autoreactive CD8+ T 
cells.  Clinically, this theory is supported in 
that alopecia areata is occasionally confined 
areas of darkly pigmented hair.  Under 
normal conditions, a key immunologic 
feature of the normal hair follicle is its 
creation of an environment of relative 
immune privilege, suppressing an auto-

Figure 2-3. Haired skin, dog. Infiltrating T-cells and pyknotic nuclei resemble a “swarm of bees” attacking an anagen hair 
follicle. (HE, 570X) 
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immune attack on intrafollicularly expressed 
autoantigens.  This relative site of immune 
privilege results primarily from the 
suppression of surface molecules required for 
presenting autoantigens to CD8+ T lymph-
ocytes (i.e.  MHC class Ia antigens).  Notably, 
the down-regulation of MHC class I 
molecules increases the risk of the hair 
follicle being attacked by natural killer (NK) 
cells, as these are primed to recognize and 
eliminate MHC class I negative cells.  
However, healthy hair follicles also counter 
this process by down regulating ligands that 
stimulate the activation of NK cell receptors 
(NKG2D) while also secreting molecules that 
inhibit NK cell and T cell functions, such as 
transforming growth factors β1 and β2, α 
melanocyte–stimulating hormone, and 
macrophage migration inhibitory factor.1 

 

The moderator discussed the advantage of 
using immunohistochemical stains to aid in 
the diagnosis of alopecia areata, particularly 
in regard to the identification of CD3 positive 
lymphocytes within the hair bulb, which was 
observed in this case. Although CD79a 
lymphocytes were also observed, these cells 
were present within the adjacent peri-
follicular dermis, not within the follicular 
epithelium.     
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1. Gilhar A, Etzioni A, Paus R. Alopecia 
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2. Gross, T.L. et al. Mural diseases of the 
hair follicle. In: Skin diseases of the dog 
and cat, 2nd edition; Blackwell 
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Integumentary system. In: Maxie MG ed. 
Jubb, Kennedy, and Palmer’s Pathology 
of Domestic Animals. Vol 1. 6th ed. 
Philadelphia, PA: Elsevier Ltd. 
2016:614-615. 

4. Miller, W.H. et al. Autoimmune and 
immune-mediated dermatoses. In: Muller 
& Kirk's Small animal dermatology; 7th 
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CASE III: P16-282 (JPC 4082545)    
 
Signalment:  
4-year-old female horse (Equus caballus) 
 
History:  
Pigmented hairless mass in the skin of the 
pinna 
 
Gross Pathology:  
1 cm diameter white mass in the skin 
 
Laboratory results: 
No laboratory findings reported.  
 
Microscopic Description: 
The dermis contains a well-delineated nodule 
composed of lymphocytes that form follicles, 
some with germinal centers. Dispersed 
throughout the lymphoid tissue are collect-
ions of macrophages, neutrophils and 
multinucleate giant cells. The macrophages 
and giant cells contain pigmented fungal 

Figure 3-1. Ear pinna, horse. There is a 3cm nodular 
focus of inflammation in the deep dermis. (HE, 5X) 
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organisms, forming round, yeast-like bodies, 
10-30 microns in diameter, and thin septate 
hyphae. 
 
Contributor’s Morphologic Diagnoses:  
Cutaneous phaeohyphomycosis. 
 
Contributor’s Comment: 
Phaeohyphomycosis is an infection with the 
pigmented fungi of the family Dematiaceae.4 
This family includes several genera of which 
Alternaria, Cladophialophora, and Curva-
laria are the most common ones occurring in 
animals. Infections have been reported in 
skin, brain, nasal cavity, mucosal surfaces 
and systemically. These organisms are 
saprophytes that reside in soil, water, and 
decaying vegetable matter. They gain 
entrance into the tissue through a wound. A 
compromised immune system may be 
another factor associated with infection.  
 
The skin is the most common site of 
phaeohyphomycosis in the horse and 
Alternaria is the most common genus 
isolated.2 The infection in the horse often has 
a pronounced lymphocytic reaction as in this 
case.  
 
Contributing Institution:  
College of Veterinary Medicine 
Virginia Tech 
Blacksburg, VA 24061  
www.vetmed.vt.edu  
 
JPC Diagnosis: 
Haired skin: Dermatitis, pyogranulomatous 
and lymphocytic, nodular, severe, with 
dematiaceous yeasts and hyphae. 

JPC Comment:   
Dematiaceous fungi are most commonly 
found in the environment as plant pathogens, 
saprophytes, or colonizing rocks.  Although 
these melanized fungi rarely infect 
vertebrates, opportunistic infections occur 
worldwide and have been reported in 

amphibians, reptiles, birds, fish, humans, and 
domestic animals causing a wide range of 
clinical conditions.  These organisms are not 
considered as emerging opportunists in 
immunocompromised or otherwise debil-
itated vertebrates; in contrast, infections 
occur in healthy individuals.5   
 

In domestic species, phaeohyphomycosis has 
been reported most frequently in cats and 
occasionally in horses, dogs, cattle, and 
goats.  Gross lesions typically consist of 
single or multiple subcutaneous nodules that 
may be pigmented and are often mistaken for 
melanocytic neoplasms. Affected felines 
typically develop solitary lesions on the face 
and paws whereas horses tend to develop 
multiple nodules located on different parts of 
the body. Histologically, phaeohypho-
mycosis is characterized by pigmented 
hyphae within tissue that are associated with 
nodular to diffuse pyogranulomatous derma-
titis and panniculitis.3  
 
Factors that likely contribute to their 
pathogenicity include the presence of 
melanin and carotene, formation of thick cell 
walls, presence of yeast-like phases, 
thermotolerance, adhesion, hydrophobicity, 
and production of siderophores.5   
 

Figure 3-2. Ear pinna, horse: The nodule is composed 
of poorly demarcated foci of pyogranulomatous with 
central areas of aggregated neutrophils, with a 
surrounding layer of uni- and multinucleated 
macrophages admixed with lymphocytes and fewer 
plasma cells. (HE, 380X) 

http://www.vetmed.vt.edu/
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Both innate and adaptive immune responses 
are required for effective containment of 
dematiaceous fungal infections.  Although 
melanin may facilitate the organism’s 
evasion of the host’s defense mechanisms, it 
has also been reported to play a role in 
activating both the humoral and cellular 
immune responses.  In addition, melanin may 
play a role in the activation of Toll-like 
receptor (TLR)-4 and induce production of 
the proinflammatory cytokine interleukin 
(IL)-8.  Host defense predominantly relies 
upon ingestion and elimination of fungal 
cells by the cells of the innate immune 
system, especially neutrophils and macro-
phages. Many cases are associated with a 
characteristic pyogranulomatous reaction, 
usually indicating incomplete or frustrated 
phagocytosis, which means phagocytic cells 
are unable to efficiently phagocytize fungal 
cells, leading to in-situ persistence.5   
 
Pigmented fungi may be readily apparent 
during histological examination, however, 
histochemical stains such as Grocott-
Gomori’s methenamine silver (GMS) and 

Fontana-Masson’s enhance the detection of 
fungal walls and melanin, respectively.  
Regardless, identification of most dema-
tiaceous fungi cannot be achieved based on 
histomorphologic features alone.  Culture is 
often required for definitive identification3; 
however, culture isolates are frequently 
misidentified.5 This emphasizes the import-
ant role of molecular identification of these 
rare mycoses and the benefits of sequencing 

Figure 3-3. Ear pinna, horse: Scattered throughout the nodule, cross sections of 10 µm fungal hyphae and yeasts with a 
dark brown cell wall are entrapped within multinucleated macrophages. (HE, 560X)  

Figure 3-4. Ear pinna, horse: The morphology of the 
fungal hyphae are demonstrated better with a GMS 
stain. (GMS, 400X) (Photo courtesy of College of 
Veterinary Medicine, College of Veterinary Medicine, 
Virginia Tech, Blacksburg, VA 24061, 
www.vetmed.vt.edu)  

 

http://www.vetmed.vt.edu/
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as the gold standard for accurate ident-
ification.5   
 
As noted by the contributor, the organisms 
responsible for phaeohyphomycosis are 
numerous and include (but are not limited to) 
the following genera: Alternaria, Bipolaris, 
Cladosporium, Curvularia, Exophiala, 
Phialophora, and Wangiella.3 

 

Conference participants briefly discussed the 
value of using special stains, such as GMS, to 
aid in the differentiation of phaeohypho-
mycosis from chromoblastomycosis. Both 
conditions are caused by dematiaceous fun-
gal etiologies. Chromoblastomycosis is cha-
racterized by 4-15µm diameter, round, pig-
mented yeasts that are also known as 
“sclerotic bodies”, “chromo bodies”, and 
“Medlar bodies”. In contrast, phaeohy-
phomycosis is characterized by pigmented 
fungi with both mycelial and yeast 
morphologies in tissue sections.3            
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CASE IV: 18N045 (JPC 4160777)    
 
Signalment:  
6 to 8-week-old female athymic nude mouse 
(Mus musculus, Foxn1nu, background strain 
not reported) 
 
History:  
This athymic nude mouse had been injected 
subcutaneously with a human-derived tumor 
line by an approved rodent vendor.  Several 
weeks later, the mouse was delivered to our 
facility. One week after delivery the mouse 
was reported for moderate to severe scaly 
dermatitis. No other clinical signs were re-
ported. 
 
Gross Pathology:  
Skin: There was moderate ulcerative and 
proliferative dermatitis extending over most 
of the dorsum, hind limbs, and tail.  Ulcers 
were most severe at the base of the tail. There 
was an approximately 1cm subcutaneous 
mass on the right flank (pre-sumed to be the 
injected tumor). As C. bovis was the 
presumed etiologic agent, the mouse was 
euthanized. 
 
Laboratory results: 
Skin swabs samples were PCR positive for 
Corynebacterium bovis. 
 
Microscopic Description: 
Skin: Severe widespread neutrophilic derma-
titis, characterized by marked transdermal 
neutrophilic inflammation and multifocal 
epidermal necrosis. There is marked wide-
spread ortho- and parakeratosis with 
scattered intraepidermal clefts, some of 
which contain large numbers of acantholytic 
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cells, and/or neutrophils. The epidermis is 
hyperplastic.  There is widespread single cell 
necrosis as well as marked disorganization of 
the epidermal layers. Hair follicles and 
surface epidermis are both affected. 
 
A Gram stain revealed clusters of gram-
positive cocci within the keratin layers with 
equivocal short gram-positive rods. 
 
Contributor’s Morphologic Diagnoses:  
Dermatitis: Chronic, severe, neutrophilic 
with intradermal clefts and abscesses, 
acantholytic cells, hyper-and parakeratosis, 
and gram-positive cocci. 
 
Contributor’s Comment: 
Upon gross examination, the dermatitis in 
this mouse was initially presumed to be due 
to Corynebacterium bovis, consistent with 
the PCR results. C. bovis is a common 
colonizer of the skin in laboratory mice, and 
is associated with hyperkeratosis, para-
keratosis, and epidermal hyperplasia with 
minimal to absent inflammation. The gross 
lesion is particularly apparent in nude mice 
because of the absence of a normal hair coat, 
but other immunosuppressed mouse strains 

as well as immunocompetent strains can also 
be colonized and develop lesions.1  When it 
was first identified as the cause of scaly skin 
disease (also called Corynebacterium-
associated hyperkeratosis) in nude mice, it 
was considered a pathogen of high morbidity 
but low mortality5, but in recent years, 
infection with C. bovis has been associated 
with research complication including 
immunological anomalies, wasting disease, 
and failure of engraftment of tumor cells.6 
For this reason, some institutions exclude this 
organism, and PCR detection sometimes 
leads to depopulation of research colonies. 
 
In the present case, histologic examination 
revealed severe inflammatory lesions that are 
not characteristic of C. bovis colonization of 
mice. Severe inflammation with ulceration, 
intradermal abscesses, crusting, and other 
damage to the epidermis and dermis are not 
usual findings. In addition, the presence of 
colonies of gram-positive coccoid bacteria in 
the keratin layer were suggestive of infection 
with Staphylococcus spp.  The lesions in this 
case are similar to those described by Russo 
et al.4 in which an inflammatory dermatitis in 
a nude mouse was associated with culture of 

Figure 4-1. Haired skin, mouse. There was moderate ulcerative and proliferative dermatitis extending over most of the 
dorsum, hind limbs, and tail with multifocal and crust formation. (Photo courtesy of: In Vivo Animal Core, Unit for 
Laboratory Animal Medicine, University of Michigan Medical School, https://ncrc.umich.edu/research/scientific-
resources/ivac) 

 

https://ncrc.umich.edu/research/scientific-resources/ivac
https://ncrc.umich.edu/research/scientific-resources/ivac
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Staphylococcus xylosus. In that report, 
lesions were similar to the current case, with 
individual keratinocyte necrosis, ulceration, 
and crust formation, but intracorneal pustules 
and acantholytic cells were not described.  C. 
bovis was not isolated in that case, but large 
numbers of Staphylococcus xylosus were 
isolated and clusters of gram-positive cocci 
in the keratin layer were demonstrated in 
histologic sections of skin. Based on the 
bacteriologic and histologic findings, a 
diagnosis of dermatitis due to S. xylosus was 
made. Like the current case, the published 
case was a single mouse in a group of 
unaffected mice. In that report, PCR was not 
performed. 
 
The causative or contributory role of C. bovis 
in our case was complicated by the unusual 
histologic features and the absence of 
bacteriologic confirmation.  Simple C. bovis 
colonization is associated with mild hyper-
keratosis and scattered short gram-positive 
rods that in the keratin layer.  Inflammation 
is minimal or not present.  In this case, there 
was marked inflammation with some features 
of immune-mediated disease, including 
acantholytic cells both within intracorneal 
pustules and individually within the stratum 
spinosum, and disruption of the stratum 
basale.  Gram staining revealed clusters of 
gram-positive cocci, most consistent with 
Staphylococcus sp.  Whether or not C. bovis 

contributed to the lesions in this mouse could 
not be established.  However, the ulcerations 
noted grossly and the atypical inflammatory 
and necrotizing lesions in the skin suggested 
that a different or additional infectious agent 
was present.  Unfortunately, the skin was not 
cultured, and the presence or absence of 
viable C. bovis or other bacteria could not be 
established.   
 
Contributing Institution:  
In Vivo Animal Core, Unit for Laboratory 
Animal Medicine 
University of Michigan Medical School 
https://ncrc.umich.edu/research/scientific-
resources/ivac  
 
JPC Diagnosis: 
Haired skin: Dermatitis, neutrophilic and 
histiocytic, perivascular, moderate, with 
hyperkeratosis, acanthosis, apoptotic kera-
tinocytes, and intracorneal bacilli and cocci. 

 
JPC Comment:   
As noted by the contributor, Coryne-
bacterium bovis presents a significant chall-
enge to in the research setting.  As an 
example, a pre-clinical research laboratory 
was recently affected by broad dissemination 
of C. bovis, resulting in cutaneous infections 
in murine inventories that diminished patient-
derived chronic myelomonocytic leukemia 
engraftment in immunodeficient mice, 
resulting in reduced confidence in preclinical 
data validity. In an effort to exclude this 
organism and reduce risk of such 
invalidations, many institutions conduct 
facility-wide C. bovis PCR murine and 
environmental surveillance, cull positive 
mice, and sterilize of equipment and rooms 
via methods such as vaporized hydrogen 
peroxide.2   
 
C. bovis is an opportunistic, lipophilic, gram-
positive coryneform rod often found within 
the stratum corneum. The organism resides 

Figure 4-2. Haired skin: Two sections of haired skin 
are submitted for examination. At subgross 
magnification, mild thickening of the epidermis and 
hyperkeratosis are discernable. (HE, 5X) 

about:blank
about:blank
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on the skin of mice, particularly affecting 
immunodeficient strains such as nu/nu, 
Prkdcscid, SCIDbeige, and others. Persistent 
infections result in the development of an 
orthokeratotic, hyperkeratotic, acanthotic 
dermatitis that subsequently generates C. 
bovis-infected keratin flakes that can be 
spread by airborne and fomite transmission 
within facilities.2,3   
 
The exact mechanism by which C. bovis 
colonizes murine skin and induces the 
previously described lesions has not been 
described. Historically, immunocompetent 
and immunodeficient mice have been known 
to be vulnerable to transient infection but 
only immune deficient strains, such as nude 
and SCID strains, were thought to develop 
“persistent” infections that progress into 
clinically apparent hyperkeratosis following 
natural infection.  However, a reported 
natural outbreak of C. bovis in a laboratory 
resulted in persistent infections in not only 
immunodeficient but also some immuno-

competent strains, including transgenic mice 
expressing the human papillomavirus (HPV) 
E6 oncoprotein and epidermal mutant 
dep/dep mice. Epidermal mutant dep/dep 
mice remained persistently PCR positive for 
>45 days and developed clinically apparent 
hyperkeratosis.2 Corynebacterium species 
cannot produce their own lipids and are well 
suited to reside within lipid-rich sebum and 
the stratum corneum. Therefore, a possible 
explanation for persistent infections within 
the immunocompetent dep/dep strain was the 
presence of excessive sebum from hyper-
plastic sebaceous glands and abundant lipids 
of the interfollicular epidermis which created 
a favorable environment for the organism’s 
survival.2   
 
Cutaneous dysbiosis with an overrep-
resentation of Corynebacterium species as a 
result of altered skin homeostasis has also 
been reported in mice.  Therefore, a possible 
explanation for persistent infection in 
immunocompetent transgenic mice that 

Figure 4-3. Haired skin, mouse: The hyperkeratosis is moderate and extends down into the follicular infundibula. There 
are scattered pustules within the scale, and the epidermis is thickened and mildly disorganized. There are individualized 
and clusters of apoptotic keratinocytes and moderate numbers of neutrophils and macrophages in the superficial dermis 
and neutrophils within the overlying epidermis.  (HE, 186X) 
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express the HPV-E6 oncoprotein may be due 
to altered skin homeostasis as the result of a 
human keratin 14 promoter directed E6 
oncogene expression in the hair follicle and 
epidermal basal layer, resulting epidermal 
hyperplasia.2   
 
Definitive diagnosis of Corynebacterium 
bovis can be achieved through culture or PCR 
of skin swabs or feces, although the organism 
can be isolated from the oral cavity, skin, and 
heart blood of infected mice.  Cultures should 
be held for up to seven days due to the 
organism’s slow growth.3   
 
Differential diagnoses include low ambient 
humidity in addition to Staphylococcus 
xylosus, as previously described by the 
contributor in a recent report. 
 
Both Staphylococcus aureus and S. xylosus 
are known to cause another syndrome in mice 
known as ulcerative dermatitis.3 Some 
strains, such as B6 manifest excessive 
scratching behavior which facilitates colon-
ization, most often by S. aureus. Similarly, 
athymic nude mice and B6-Nos2tm1Lau 

(NOS2) strains are affected by S. xylosus. 
Following colonization, the bacteria produce 
virulence factors such as hemolysis, nu-
cleases, proteases, lipases, hyaluronidase, 
collagenase, and exotoxins that result in focal 
small to large chronic ulcerative lesions, most 
often around the head and neck, but also on 
the trunk and tail base. Histologically, these 

infections are characterized as prominent 
colonies of gram-positive cocci within a 
superficial exudate and coagulative necrosis 
of the underlying epidermis and dermis 
which resemble 1st, 2nd, and 3rd degree burns 
with varying degrees of leukocytic infil-
tration and granulation tissue.3 

 

Conference participants agreed with the 
contributor's assessment that the histologic 
features observed in this case were atypical 
for simple C. bovis colonization and suspect 
an additional etiologic agent, such as Staphy-
lococcus spp. contributed toward this lesion's 
pathogenesis.  As previously noted, C. bovis 
is typically associated with mild 
hyperkeratosis with minimal to mild 
inflammation in contrast to the robust 
inflammation observed in this case. 
 
References: 
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Figure 4-4. Haired skin, mouse: There are clusters 
and individualized apoptotic cells within the stratum 
spongiosum. (HE, 400X) 

 

Figure 4-5. Haired skin, mouse. A tissue Gram stain 
demonstrates gram-positive cocci within the keratin 
layer. (Gram, 1000X)  (Photo courtesy of:  In Vivo 
Animal Core, Unit for Laboratory Animal Medicine, 
University of Michigan Medical School, 
https://ncrc.umich.edu/research/scientific-
resources/ivac) 
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WSC 2021-2022 Self-assessment 

Conference 8  

1.  Which of the following would NOT be an expected accompanying lesion in a cat with feline 

plasma cell pododermatitis? 

a. Renal amyloidosis 

b. Immune-mediated glomerulonephritis 

c. Cutaneous eosinophilic granulomas 

d. Plasmacytic stomatitis 

 

2. Hair loss is usually transient in alopecia areata.  True or false? 

a. True 

b. False 

 

3.  Which of the following is NOT a dematiaceous fungus? 

a. Alternaria 

b. Cladophialophora 

c. Curvalaria 

d. Zygomyces 

 

4. Which of the following has been identified in cases of nude mice with scaly skin disease? 

a. Staphylococcus aureus 

b. Staphylococcus intermedius 

c. Staphylococcus pseudintermedius 

d. Staphylococcus xylosus 

 

5. True or false? Immunocompetent animals can be colonized with Corynebacterium bovis and 

develop scaly skin disease. 

a. True 

b. False 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 576/20 (JPC 4161127)     
 
Signalment:  
3 year old, female, dog, German shepherd 
(Canis lupus familiaris) 
 
History:  
The animal began to move with difficulty two 
months before death. Neurological and CT 
examination raised the suspicion of the cauda 
equine syndrome. The animal underwent 
surgery that, like postoperative recovery, 
went smoothly. Two weeks after the surgery, 
the animal again began to move with 
difficulties and uncoordinated. Clinical 
examination revealed pharyngitis, rhinitis, 
chorioretinitis, and partial retinal ablation. 
Several differential diagnoses have been 
proposed that included neoplasia, bac-
teremia, fungal infection, autoimmune 
diseases and vascular anomalies (hyper-
tension, vasculitis). Steroid therapy has been 
started but the animal developed convulsive 
seizures after two days and due to the 
deterioration of the condition, the animal was 
euthanized at the owner request. 
 
Gross Pathology:  
The necropsy revealed severe bilateral 
granulomatous nephritis. Multiple splenic 
nodules interpreted as granulomas or 
abscesses were found. In the lungs, diffuse 
congestion, edema, marginal emphysema and 

multifocal to coalescing hemorrhages. In 
heart, eccentric hypertrophy of the left 
ventricle and multifocal epicardial hemor-
rhages were noted. In the liver and brain, 
severe congestion were present. 
 
Laboratory results: 
E. coli and Cryptococcus sp. were isolated by 
postmortem microbiological examination of 
kidney samples. Mucicarmine special 
staining reveal positive staining of yeasts 
with narrow based budding. 
 
Microscopic Description: 
Kidney: Multifocal to coalescing randomly 
distributed, renal tissue (cortex, medulla, and 
papilla) and perirenal adipose tissue is 
infiltrated by a myriad of yeasts admixed 

 
Figure 1-1. Kidney, dog. Numerous granulomas are 
scattered throughout the cortex and medulla but are 
concentrated at the corticomedullary junction.  (Photo 
courtesy of Department of Veterinary Pathology, 
Faculty of Veterinary Medicine, University of Zagreb, 
Heinzelova 55 , 10000 Zagreb Croatia. 
http://www.vef.unizg.hr/) 

http://www.vef.unizg.hr/
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with numerous neutrophils, macrophages and 
a variable number of lymphocytes and 
plasma cells. The inflammatory cells and 
yeast along with cellular debris surround the 
remaining vital tubular epithelial and 
interstitial cells. The described yeasts are 
oval to round, 5-10 µm in diameter, with a 
thin wall (1-2 µm) and are surrounded by 
clear tick capsule (10-20 µm). Rarely, 
narrow-based budding of the yeast is visible. 
Multifocal, predominantly in the areas of 
pronounced lymphoplasmacytic infiltration, 
proliferation of fibroblasts is present 
(granulation tissue). Tubular epithelial and 
glomerular cells multifocally (predominantly 
in distal tubules) exhibit signs of 
degeneration and necrosis. Renal tubules and 
periglomerular spaces are filled with highly 
proteinaceous fluid. The renal cortex and to a 
lesser extent, the medulla are diffusely 
congested and edematous with multifocal 
hemorrhage. 
 
Contributor’s Morphologic Diagnoses:  
Kidney: Nephritis, pyogranulomatous and 
lymphoplasmacytic, multifocal to coalesc-
ing, severe, with numerous yeasts 
(morphology of the yeasts is consistent with 
Cryptococcus spp.). 
 
Contributor’s Comment: 
The presented slide is a sample from a case 
of disseminated systemic cryptococcosis  
with macroscopic and histological 
pyogranulomatous inflamation in the 

kidneys, lungs, liver, pancreas, spleen, heart, 
intestine, eye, brain, spinal cord and lymph 
nodes. 
 
Cryptococcus  has a worldwide distribution 
and can affect many animal species and 
humans. Systemic mycosis is rare and more 
commonly affects cats than dogs.1,2 
Cryptococcosis in dogs and cats is caused by 
Cryptococcus neoformans and  Cryptococcus 
gattii, which are dimorphic, encapsulated, 
basidiomycetous fungi.11,12 Cryptococcus 
neoformans is usual cause of disease in 
temperate climates and C. gatti was found 
mainly in tropical climates, but is now 
considered to have a global distribution. C. 
neoformans and C. gatti exist in soil, pigeon 
or other avian guano, and decaying organic 
matter in a filamentous form known as a 
teleomorph, with the name Filobasidiella 
neoformans and F. bacillosporus, respect-
ively; this form of the organism undergoes 
both sexual as well as asexual reproduction in 
the environment. Dogs are primarily infected 
with C. neoformans (except in regions with 
high endemicity for C. gatti, such as the 
Pacific Northwest of North America), 
whereas C. gatti is more frequent in cats.2  
 
Immune suppression, such as from corti-
costeroid therapy or pre-existing infections, 
often underlies C. neoformans infections, but 
C. gatti is a primary pathogen and may infect 
hosts without known immune deficiencies. 
Consequently, in cats, the infection 
frequently occurs in animals that are not 
immunosuppressed, and feline immuno-
deficiency virus infection does not worsen 
the prognosis.1, 2 
 
The main virulence factors of Cryptococcus 
are the capsule and the production of 
melanin. The thick capsule, composed of 
glucuronoxylomannan and other mannose-
rich polysaccharides, impairs phagocytosis, 
activates complement, and may suppress T- 

 
Figure 1-2. Kidney, dog. A wedge-shaped section of 
demonstrates multiple areas of hypercellularity in the 
cortex and medulla – inflammation is most prominent 
at the corticomedullary junctions. (HE, 6x) 



3 
 

cell responses. The role of the capsule in 
pathogenicity is visible in rare Cryptococcus 
strains without capsule that provoke severe 
granulomatous reaction and are minimally 
pathogenic. The ability to synthesize melanin 
and enzyme phenoloxidase (laccase) is 
important for scavenge oxygen radicals 
produced by macrophages. Cryptococcal 
yeasts also secrete eicosanoids and mannose 
protein that modulate immune and 
inflammatory responses, and production of 
superoxide dismutase.2 In addition to the fact 
that in most animals cryptococcosis is more 
common in immunosuppression, Crypto-
coccus neoformans and gatti themselves can 
cause severe immune-suppression.9 The 
cryptococcal capsular polysaccharide, 
glucuronoxylomannan effectively inhibits 
phagocytosis and interferes with migration of 
leukocytes from the bloodstream into tissues 
by causing them to shed selectin. It can also 
deplete complement and directly inhibits T-
cell responses.8, 15 There is a shift from a Th1 
to a Th2 immune response, the Th1 response 
being normally required for organism 
clearance. The cryptococcal urease enzyme 
was shown to promote accumulation of 
immature dendritic cells within the lung, and 
an associated shift in the immune response to 
a non-protective Th2-cytokine dominated 
response.8 Immunity to Cryptococcus is 
dependent on delayed-type hypersensitivity 
reactions. IFN-γ and other cytokines elicit 
and activate macrophages and perhaps 

neutrophils to kill the yeast by using reactive 
nitrogen and oxygen intermediates. 
Cytotoxic T-cells directly limit viability or 
proliferation of this pathogen.2 Recent data 
indicate that presence of testosterone in men, 
but not β-estradiol in women, may influence 
capsule growth and reduce phagocytosis of 
yeast by macrophages.1 The infection usually 
occurs by inhalation of basidiospores or 
desiccated yeast from contaminated dust. 
Yeasts are replicated into alveoli and are 
subsequently spread, hematogenously (via 
macrophages) or locally to other organs 
(brain, eyes, lymph nodes, skin etc.). 
Cutaneous cryptococcosis is probably the 
result of local innoculation and cryptococcal 
mastitis is the consequence of ascending 
infection.2, 10 
 
Most infected animals do not develop clinical 
disease. The disease differs between species; 
in cats it affects mostly the respiratory tract 
(rhinitis, pneumonia) wheras in dogs the 
disease is more disseminated with central 
nervous system or ocular involvement.2,6  
Due to inhalatory route of infection, the lungs 
and nasal cavity are the most commonly 
affected organs. Many cases are char-
acterized by chronic nasal disease, with 
sneezing and serous or mucopurulent 
discharge. Facial swelling is a common 
feature of cryptococcal rhinitis of cats. 
Infection may spread locally from the nasal 
cavity to involve the skin, oral mucosa, 
paranasal sinuses, or brain, meninges 
(through the ethmoid bone, via the cranial 
nerves or hematogenous spreeding) and 
eyes.2,11 Less commonly disease has a 
systemic form with more variable clinical 
manifestations and this form is more 
common in dogs. Wider systemic 
dissemination usually affects the lymph 
nodes, lung, and distant visceral organs such 
as liver, spleen, urinary and gastrointestinal 
tract. 

 
Figure 1-3. Kidney, dog.  Inflammatory foci efface 
tubules and are composed pf large numbers of 
macrophages surrounding and engulfing encapsulated 
yeasts.  (HE, 200X) 



4 
 

Macroscopic lesions are most commonly in 
the form of gelatinous masses, granulomas, 
ulcerating nodules, or depositions of viscous 
gelatinous exudate on the surfaces of serosal 
or meningeal membranes. Skin lesions are 
often nodular and ulcerative. Visceral lesions 
consist of multifocal discrete white gel-
atinous lesions. Gross lesions in the brain are 
often subtle, but may include gelatinous 
material in meninges and ventricles.2, 3, 5, 7, 11, 

13, 14, 16 
 
Histologically, the lesion is remarkable for 
the large numbers of yeast with abundant 
nonstaining capsular material that gives a 
“soap bubble” appearance to the lesion. The 
inflammatory, mostly granulomatous, re-
action is often mild probably due to masking 
effect of capsule that protect yeasts from 
phagocytosis. C. neoformans yeast bodies are 
4-8 μm diameter, plus a capsule that varies 
from 1-30 μm.  Occasional yeast have single 
buds that are attached by a thin stalk; this 
narrow-based budding differentiates Crypto-
coccus from Blastomyces. Special staining 
methods, such as periodic acid-Schiff (PAS) 
and Gomori’s methamine silver, demonstrate 
the organisms, and the capsule can be stained 
with mucicarmine and alcian blue stain. The 
inflammatory response is consistent of 
neutrophils, macrophages, multinucleate 
giant cells, lymphocytes, plasma cells and 
eosinophils, which is dependent upon host 
immune status.2,16 
 
Contributing Institution:  
Department of Veterinary Pathology 
Faculty of Veterinary Medicine  
University of Zagreb  
Heinzelova 55  
10000 Zagreb 
Croatia.  
http://www.vef.unizg.hr/ 
  
 
 

JPC Diagnosis:  
Kidney: Nephritis, granulomatous, multi-
focal, marked, with numerous extracellular 
and intrahistiocytic yeasts, etiology 
consistent with Cryptococcus sp. 
 
JPC Comment:   
The contributor provides an excellent review 
of Cryptococcus neoformans and C. gatti, 
two serious fungal pathogens within phylum 
Basidiomycota. The range of species 
susceptible to cryptococcosis is extra-
ordinarily diverse and includes single-celled 
Acanthamoeba, terrestrial and marine 
mammal wildlife, small companion animals, 
horses, production animals, and humans.4 

 

This entity was first described as a human 
pathogen in 1894 by pathologist Otto Busse 
and surgeon Abraham Buschke when they 
isolated a ‘Saccharomyces-like’ organism 
from a bone infection in a young woman.  In 
1901, the organism was renamed Crypto-
coccus neoformans because it did not 
produce ascospores, a defining characteristic 
of the genus Saccharomyces.9  
 
The epidemiology of cryptococcosis in 
humans has shifted dramatically over the last 
century.  Fewer than 300 cases were reported 
worldwide during the 1950s.  This number 
dramatically increased in the following years 
due to the increase in the numbers of patients 
with AIDS or other states of immune 
compromise.  A 2006 study estimated there 
were over one million annual cases of 

 
Figure 1-4. Kidney, dog. High magnification of 
Cryptococcus  sp. yeasts. (HE, 400X) 
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cryptococcal meningitis worldwide, 
predominantly within sub-Saharan Africa 
and other developing regions where 
treatment is inhibited by lack of 
infrastructure and cost.  Over half these cases 
result in patient death, yielding fatalities 
comparable to both tuberculosis and diarrheal 
disease in these regions.9        
 
Historically, pathogenic Cryptococcus 
isolates were treated as a single species, C. 
neoformans. Heterogeneity between isolates 
within this species was suspected based on 
the recognition for four serotypes (A, B, C, 
and D). This was subsequently confirmed by 
the discovery of two different teleomorphs, 
Filobasidiella neoformans (Cryptococcus 
neoformans) and Filobasidiella bacillospora 
(Cryptococcus gattii). This division was 
further verified by whole-genome se-
quencing.  In 2002, serotypes B and C were 
formally reclassified as C. gatti, while C. 
neoformans included all serotype A, AD, and 
D strains.  It is possible additional species 
will be identified given molecular typing 
methods have demonstrated multiple 
genetically diverse monophyletic clades 
within both species.4 

 

As noted by the contributor, Cryptococcus 
neoformans occurs worldwide and is 
associated with avian excreta protected by 
light and is the predominant cause of human 
and animal infections.  This pathogen is often 
associated with pigeon guano, however, birds 
are unlikely to be a reservoir given 0 to 2.2% 
of samples taken from the feet, crop, and 
cloacal swabs of Colombiforms and water 
birds in multiple studies were positive for the 
pathogen. Instead, it is most likely C. 
neoformans propagates in the nitrogen-rich 
guano where they grow, rather than being 
transferred via an avian alimentary tract. In 
addition, the core body temperature of birds 
may be as high as 42-44ºC, which inhibits 
crytptococcal growth and multiplication.  

Interestingly, C. neoformans can complete its 
lifecycle, including mating, on pigeon guano 
whereas C. gatti does not.  Cryptococcus 
gatti has historically been found in tropical 
and subtropical regions and is associated with 
various species of trees, notably eucalyptus, 
in addition to carob and olive trees within the 
Mediterranean basin.4,9 
 

Given both koalas and C. gatti share an 
intimate association with a common 
environmental niche (i.e. eucalyptus trees), it 
is not surprising the former has a com-
paratively high, if not the highest prevalence 
of cryptococcosis in comparison to other 
species, with approximately 3% of koala 
necropsies being attributed to the pathogen.  
Cryptococcosis occurs in both captive and 
free-ranging koalas, most commonly 
affecting the upper and/or lower respiratory 
tract and spreading to regional lymph nodes 
in 20% of these cases without further tissue 
involvement.  However, approximately a 
third of all cases in this species are 
disseminated, often following a longstanding 
respiratory illness. Neurotropism is common, 
as in other species, with 32% of cases in 
koalas having CNS involvement.4   
 
Marine mammals, including delphinids, 
porpoises, pinnipeds such as harbor seals and 
sea lions, and baleen whales such as the 

 
Figure 1-5. Kidney, dog.  Cryptococcal yeasts stain 
positively with mucicarmine. The yeasts stain due to 
retraction of the capsule during processing. 
(Mucicarmine, 400X) 
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southern right whale are also susceptible 
hosts for various mycoses including 
cryptococcosis.  Porpoises and dolphins are 
the most commonly infected marine 
mammals.  These animals are likely at risk 
for infection when close to land and exposed 
to infective propagules (likely spores) in 
effluent and runoff that has washed into the 
ocean.  Those with blow holes are 
particularly vulnerable, given they inhale an 
enormous tidal volume with marked 
inspiratory effort following an explosive 
expiration, without the benefit of filtration of 
inspired air via sinonasal protective 
mechanisms.  As a result, large inoculums of 
inspective spores can be carried deep into the 
lower respiratory tract.4     
 
Since around 2000, cryptococcosis has 
emerged as a cause of disease in both marine 
mammals and humans, particularly in the 
vicinity of Vancouver Island and the Pacific 
Northwest of the United States and Canada.  
Wordwide, C. gatti has been identified in 
45/54 cases of symtomatic cryptococcosis, 
followed by C. neoformans in five animals, 
and one case of the less pathogenic C. albidus 
in a stranded California sea lion. The 
Cryptococcus species was not identified in 
the remaining three cases. A common finding 
in all marine mammal cases was tropism for 
the lungs, lymph nodes, and gastrointestinal 
tract, with the lung as the logical portal of 
entry for infection.  Similar to other species, 
extension of the fungus to the brain has also 
been reported.4 
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CASE II: 19-0830-64 (JPC 4161168)     
 
Signalment:  
Adult (3-year old) limousine female sheep 
(Ovis aries) 
 
History:  
A ewe from a flock of 300 meat sheep and 70 
dairy sheep was presented for postmortem 
examination. Several animals (ewes and 
rams) were introduced into the flock during 
the previous years and months. The sheep 
were had been raised exclusively outdoors, in 
harvested fields and woods. 
 
Over the past few months, 6 ewes developed 
similar symptoms, with chronic and 
progressive dyspnea, nasal discharge, 
characteristic stertorous breathing and 
increased appetite for salt. Progressive 
cachexia led to euthanasia. Three of these 
animals were necropsied and similar lesions 
were found. 
 

Gross Pathology:  
The animal was cachectic. The main gross 
lesion was a bilateral mass in the ethmoid 
region and slight protrusion into the 
nasopharynx. The mass was exophytic, about 
6 cm wide, rather firm, with a lumpy, wet 
surface focally covered with fibrin. The 
diaphragm was thickened (hypertrophy), 
secondary to obstruction of the respiratory 
tract. 
 
Laboratory results:  No laboratory findings 
reported. 
 
Microscopic Description: 
The submitted sample is neoplastic tissue 
with no normal structures. The tissue is 
grossly lobulated, composed of a 
tubulopapillar proliferation of rather 
monomorphous epithelial tumor cells. Tumor 
cells are medium-sized (25 µm wide), 
cuboidal when forming tubules and more 
prismatic or pseudostratified in papillary 
structures. Intercellular junctions are 
inapparent. Cytoplasm is abundant and 
eosinophilic, with small PAS-positive and 
Giemsa stain-metachromatic apical secretory 
granules (mucins). Nuclei are round, large, 

 
Figure 2-1. Presentation, sheep.  The sheep is dyspneic 
with nasal discharge and drooling. (Photo courtesy of: 
Département des Sciences Biologiques et 
Pharmaceutiques, Ecole Nationale Vétérinaire d’Alfort, 
7 avenue du Général De Gaulle, 94704 Maisons Alfort 
Cedex, www.vet-alfort.fr) 
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generally in a basal position, with a small 
nucleolus. Anisokaryosis is moderate. 
Mitotic figures are rare. Some mucin 
admixed with cell debris is present within 
glandular lumens. The stroma is scarce, 
focally infiltrated by lymphocytes and 
plasma cells. Small necrotic foci are present 
(more obvious in one of the submitted 
sections). No emboli could be observed. 
 
Contributor’s Morphologic Diagnoses:  
Enzootic nasal tumor. 
 
Contributor’s Comment: 
Although normal nasal mucosa is not present 
on slides, the presence of a tubulopapillary 
adenocarcinoma with mucin secretion in a 
sheep is suggestive of enzootic nasal tumors 
(ENTs). ENTs are transmissible epithelial 
tumors of sheep and goats, geographically 
widespread, except for Australia, New 
Zealand and United Kingdom8, with an 
incidence in affected flocks of 0.1 to 15%.1, 8 
Adults and lambs older than 6 months can be 
affected. 
 
The tumors arise from the ethmoid turbinates, 
fill the caudal nasal cavity and can be 
unilateral to bilateral.1 Their growth is 
compressive, leading to deviation of the nasal 
septum and facial deformity.8 The duration  

of disease varies from 3 weeks to more than 
1 year.7 In goats, edematous inflammatory 
polyps can grow proximally to the tumor and 
protrude from the nostrils.8 Those polyps can 
be more obvious than the tumor itself at 
necropsy and should not be misinterpreted. 
 
Histologically, the tumor is a well-differ-
entiated glandular tissue, with tubular, 
papillary and acinar arrangements made of 
cuboidal to pseudostratified, non-ciliated, 
epithelial cells. The fibro-vascular stroma is 
scant and variably infiltrated by lymph-
ocytes. The tumor is histologically similar in 
sheep and goats, and considered as adenoma 
or as low-grade adenocarcinoma.8 Metastases 
are not reported.8 
 
ENTs are caused by species specific 
retroviruses: ovine ENTV-1 and caprine 
ENTV-2. Both are closely related to the 
Jaagsiekte sheep retrovirus (agent of the 
ovine pulmonary adenocarcinoma) and to 
sheep endogenous retroviruses.2, 6 These are 
examples of retrovirus-induced epithelial 
tumors. Recently, a case of nasal adeno-
carcinoma associated with Jaagsiekte sheep 
retrovirus has been described in a sheep.4 
 
 
 

 
Figure 2-2. Respiratory mucosa, sheep. There is a 6cm bilateral exophytic mass within the in the ethmoid region that is covered 
with fibrin. (Photo courtesy of: Département des Sciences Biologiques et Pharmaceutiques, Ecole Nationale Vétérinaire 
d’Alfort, 7 avenue du Général De Gaulle, 94704 Maisons Alfort Cedex, www.vet-alfort.fr) 
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JPC Diagnosis:  
Nasal cavity: Respiratory adenocarcinoma. 
 
JPC Comment:   
Peyton Rous successfully transmitted a tumor 
from a hen to a chicken in 1909 via injection 
of cell-free extracts, one of the first 
indications of the association between viruses 
and neoplasia. This discovery served as a 
starting point for additional discoveries over 
the following decades in the field of 
virology.5   
 
ENTV-1, ENTV-2, and jaagsiekte sheep 
retrovirus (JSRV), are oncogenic beta 
retroviruses.  These enveloped RNA viruses 

depend on DNA-polymerase for their 
replication.  In order to achieve this, the viral 
DNA or provirus integrates into the cellular 
genome during the early steps of the viral 
cycle and remain in the host DNA.  Other 
oncogenic retroviruses include bovine 
leukemia virus, feline leukemia virus, avian 
leucosis virus (chickens), Rous sarcoma virus  
 (chickens), walleye dermal sarcoma virus, 
mouse mammary tumor virus, murine 
leukemia virus, koala retrovirus B, and 
human T-lymphotropic virus.5 

 

 
Figure 2-4. Nasal cavity, sheep. The neoplasm is composed of neoplastic epithelium that forms contiguous acini with occasionally 
papillary projections. (HE, 125X) 

 
Figure 2-3. Nasal cavity, sheep. There is an exophytic 
epithelial neoplasm which is partially covered by 
respiratory epithelium (arrows). (HE, 60X) 

http://www.vet-alfort.fr/
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The respiratory route of transmission of 
oncogenic retroviruses in small ruminants 
was reported as early as 1934.  In addition, 
JRSV can infect animals very early in life, 
with virus detectable at birth, suggesting in 
utero transmission. JRSV has also been 
detected in colostrum, which suggests the 
virus can be spread to newborns via 
colostrum and milk.  The incubation period in 
naturally infected animals range from months 

to two to four years. This may vary 
depending on the type of infection, 
experimental inoculation having a shorter 
incubation period in comparison to 
spontaneous infection.5   
 
As noted by the contributor, a case of an 
ovine nasal adenocarcinoma associated with 
JSRV was recently identified in an 8 year old 
Belclare ewe in Ireland.  The neoplasm had 
gross and microscopic features and immune-
histochemistry results consistent with 
ENTV-1.  However, differential PCR using 
primers specific to regions of divergent 
sequences between the viruses produced 
results negative for ENTV-1 and positive for 
JSRV. This was a significant finding, 
particularly given JSRV is endemic in sheep 
in the British Isles, whereas ENTV-1 has not 
been reported. Therefore, PCR in com-
bination with immunohistochemistry is 
necessary to reach an accurate etiologic 
diagnosis, which is of significant importance 
in regions currently free of ENTV-1, such as 
the British Isles, Australia, and New 
Zealand.4 

 
Figure 2-5. Nasal cavity, sheep.  High magnification of ciliated neoplastic epithelium. (HE, 460X) 

 
Figure 2-6. Nasal cavity, sheep. Neoplastic cells 
demonstrate strong cytoplasmic immunoreactivity for 
cytokeratin. (anti-AEI/AE3, 400X) 
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In addition to the aforementioned retroviral 
induced tumors, transmissible tumors 
affecting the paranasal sinuses of Rocky 
Mountain bighorn sheep have also been 
described. These tumors were previously 
hypothesized to be caused by ENTV-1, 
JSRV, or a closely related oncogenic 
retrovirus.  However, screening via PCR and 
IHC of naturally occurring bighorn sheep 
sinus tumors were negative for these viruses 
and virus particles were not detected by 
electron microscopy in nasal secretions or 
cell cultures of sinus tumor tissues.  Similar 
to ENTV-1, metastasis has not been reported 
with this entity.  Transmissibility of the 
tumors was confirmed in 2016 after 
researchers inoculated tumor material and 
associated exudates from a naturally 
occurring sinus tumor into four Rocky 
Mountain Bighorn sheep lambs and four 
domestic lambs.  Within 18 months of 
inoculation, all four inoculated domestic 
sheep (100%) and one of the four inoculated 
bighorn sheep (25%) developed tumors 
within the ethmoid sinuses or nasal conchae.  
The low transmission of sinus tumors to 
bighorns as compared to domestic sheep may 
suggest species differences in susceptibility 
to this disease. Therefore, measures to 
prevent transmission to domestic sheep may 
be warranted, including exclusion of 
domestic sheep from the natural range of 
bighorn sheep.3   
 
There was spirited discussion amongst 
conference attendees in regard the 
classification of this neoplasm as a carcinoma 
rather than an adenocarcinoma due to the 
presence of neoplastic ciliated respiratory 
epithelial cells. Glandular epithelium is not 
typically ciliated and therefore "carcinoma" 
may be considered by some to be the more 
appropriate diagnosis in this case. 
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CASE III: 18-7537 (JPC 4135935)    
 
Signalment:  
3 year old spayed female, Boxer cross dog 
(Canis lupus familiaris) 
 
History:  
The dog lost the ability to bark twelve months 
prior to being referred to the Western College 
of Veterinary Medicine Veterinary Medical  
Centre for further investigation of a 
previously identified laryngeal or tracheal 
mass. On physical examination the dog was 
BAR but a marked abdominal component 
was observed with inspiration. The dog was 
eating and drinking normally without any 
episodes of vomiting or regurgitation.  The 
dog had experienced respiratory dyspnea 
with excitement and episodes of tonic-clonic 
seizures during these episodes. A survey of 
cervical radiographs revealed a poorly 
circumscribed, large, homogenous soft tissue 
opacity that deviated the larynx and trachea 
ventrolaterally and to the right. During ane- 
sthetic induction for advanced imaging 
studies (CT and MRI) two large masses could 
be observed, one tonsillar and one laryngeal.  
The caliber of the trachea was narrowed and 
required the placement of a small endo-
tracheal tube. Due to respiratory comp-
lications the advanced imaging studies could 
not be completed. The owner elected 

euthanasia when informed of the advanced 
nature of the mass and the need for a 
temporary or permanent tracheostomy tube. 
The owner consented to incisional biopsy of 
the laryngeal mass following euthanasia. 
Imprint cytology was performed and the 
biopsy was submitted for histopathologic 
examination. A complete post mortem 
examination was declined. 
 
Gross Pathology:  
Received a 0.7 x 0.5 cm brown, soft to firm 
mass. Four sections were submitted for 
routine processing. 
 
Laboratory results: 
No laboratory findings reported.  
 
Microscopic Description: 
The sections are partially covered by oral 
mucosa and in the submucosa there are 
lobules that are separated by thick bands of 
fibrovascular connective tissue stroma. 
Lobules comprise sheets of round to 
polyhedral to elongate cells with distinct to 
indistinct cell borders and a low to moderate 
nuclear to cytoplasmic ratio. The nucleus is 
centric, round with a coarsely stippled 
chromatin pattern and single, small round 
nucleolus. The cytoplasm is moderate to 
high, bright pink and appears smooth to 
finely granular. Pink intranuclear inclusion 
bodies are frequent. Anisokaryosis and 
anisocytosis are moderate. Multinucleate 
forms (up to 6 nuclei) are seen. Mitoses are 
rare (2 in 10 random 40x objective fields). 
Some of the elongate forms appear to have 
fine cytoplasmic cross striations and in some 
the nuclei are almost linearly arrayed (strap 
cells). There are also focal aggregates of 
smaller round cells with a high nuclear to 
cytoplasmic ratio and hyperchromatic nuclei. 
The tumor cells are present in the stroma 
supporting bundles of skeletal muscle 
myocytes. There are foci of hemorrhage in   

Figure 3-1. Larynx, dog. There is an infiltrative 
neoplasm within the laryngeal submucosa. (HE, 5X) 
 



13 
 

the mass. Hemosiderophages are scattered 
throughout the arrangements of tumor cells.  
 
Contributor’s Morphologic Diagnoses:  
Tumor of skeletal muscle origin – laryngeal 
rhabdomyosarcoma most likely. 
 
Contributor’s Comment: 
The histologic findings in the biopsy from the 
laryngeal mass coupled with the clinical 
findings, and immunohistochemical stains 
are most consistent with a laryngeal 
rhabdomyosarcoma (RMS). RMSs are 
malignant neoplasms of striated muscle, 
which originate from muscle progenitor 
mesenchymal cells or from myocytes 
undergoing neoplastic transformation.1,2 The 
majority of RMSs in dogs have occurred in 
tissues that do not normally contain striated 
muscle, such as the pharynx, gingiva, urethra, 
trachea, larynx and the jawbone.1 In 
veterinary medicine RMSs can be classified 
into subtypes based on histologic char-
acteristics: embryonal, alveolar, botryoid 
(aka: botryoid embryonal) and pleomorphic 
RMS.  The clinical relevance of this tumor 
subtyping has not been established in 
veterinary medicine.1 The variation in 
phenotype, age of onset and cellular 
morphology makes the diagnosis and 
classification of RMS difficult. The 
diagnostic features of skeletal muscle 
differentiation are not always evident on light 

microscopic examination and immuno-
histochemistry and ultrastructural exam-
ination are often needed to confirm the 
diagnosis.1 

 
Canine laryngeal rhabdomyoma-sarcoma is 
considered a rare, distinct clinical entity in 
dogs, being locally invasive but rarely 
metastatic.1,6 Complete excision is often 
difficult due to local invasion and recurrence 
of these tumors often lead to euthanasia.  
Although most are histologically benign, 
they may cause death or result in euthanasia 
due to laryngeal obstruction, as in this case. 
Affected dogs typically present with 
dysphonia, aphonia, stridor and dyspnea. Due 
to the limited number of cases age, sex and 
site predilection have not been recognized. 
 
Canine laryngeal rhabdomyoma and 
rhabdomyosarcoma have been diagnosed as 
laryngeal oncocytoma in the past. Laryngeal 
rhabdomyomas-sarcomas can be disting-
uished from laryngeal oncocytomas by 
positive staining by myoglobin and desmin or 
by the ultrastructural presence of myofibers 
in addition to intracytoplasmic glycogen 
(PAS+ and diastase-sensitive) and numerous 
mitochondria.1,2 

 
The use of immunohistochemical stains for 
desmin, α-actins, myogenin and MyoD1 and 
ultrastructural identification of sarcomeric 
structures can be used to determine if 
relatively undifferentiated tumors could be 
RMS. 
 
Contributing Institution:  
Prairie Diagnostic Services (PDS) and 
Department of Veterinary Pathology 
Western College of Veterinary Medicine 
52 Campus Drive, University of 
Saskatchewan 
Saskatoon, Saskatchewan, S7N 5B4, Canada 
www.pdsinc.ca  
www.usask.ca/wcvm/vetpath  

 
Figure 3-2. Larynx dog: The neoplasm is composed of 
numerous polygonal to spindle cells with abundant 
granular eosinophilic cytoplasm and variably sized 
nuclei. (HE, 380X)  
 

http://www.pdsinc.ca/
http://www.usask.ca/wcvm/vetpath
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JPC Diagnosis:   
Larynx: Rhabdomyoma. 
 
JPC Comment:   
In humans, rhabdomyosarcoma (RMS) is the 
most common soft tissue tumor of adults and 
children.  Unfortunately, histologic features 
that clearly distinguish between rhabdo-
myoma and rhabdomyosarcoma have not 
been well documented in veterinary 
literature.3 As previously noted by the 
contributor, the World Health Organization  
Classification categorizes human RMS as 
embryonal (includes the botryoid subtype), 
alveolar, pleomorphic, or spindle/cell 
sclerosing.  The prognosis varies according to 
category and subtype, with botryoid subtypes 
being associated with a more favorable 
outcome in comparison to the poor prognosis 
associated with alveolar RMS.  Although the 
same classification scheme is applied to 
canine RMS, the prognostic significance of 
category and subtype are undetermined.5   
 
Diagnosis of RMS based solely on histologic 
evaluation can present a challenge, as RMS 
cells can vary widely in morphology, 
presenting as round, or well-differentiated or 
undifferentiated mesenchymal cells.  As 
noted by the contributor, immuno-
histochemical stains for MyoD1 and 
myogenin are commonly used in human 
medicine to distinguish RMS from other 
mesenchymal or embryonic tumors, which is 
in contrast to less specific markers typically 
used in veterinary pathology, including 

muscle-specific actin, desmin, and vimentin 
to diagnose RMS, which can potentially 
result in inaccurate diagnosis.5   
 
Myogenin and MyoD1 are both 
transcriptional regulatory proteins that 
stimulate early stages of myogenesis.4, 5  Both 
proteins are present in fetal skeletal muscle 
cells and regenerating muscle cells, 
demonstrating nuclear immunoreactivity; 
normal adult skeletal muscle is negative.  
Given these transcriptional regulatory 
proteins are expressed early in skeletal 
muscle differentiation, expression of MyoD1 
and myogenin has been demonstrated to be 
the greatest in less differentiated 
rhabdomyosarcomas in humans.5 

 
A recently published study evaluating the 
immunohistochemical reactivity of canine 
RMS found myogenin and MyoD1 to be 
useful for diagnosing RMS in conjunction 
with histopathologic characteristics and 
desmin immunoreactivity.  Of the 13 cases 
diagnosed as RMS in the study, 100% were 
MyoD1 positive and five were positive for 
myogenin.5  
 
Although cost prohibitive, transmission 
electron microscopy remains the gold 
standard for the diagnosis of RMS.  Key 
features include poorly developed 
cytoplasmic myofilament tangles associated 
with numerous polyribosomes and short 
electron-dense bands or plaques.5 

 

In this case, approximately 10% and 5% of 
neoplastic cells demonstrate strong nuclear 
immunoreactivity for MyoD1 and myogenin, 
respectively.  There is diffuse, weak to 
moderate cytoplasmic immunoreactivity for 
muscle specific actin, whereas 30% of 
neoplastic cells have weak to strong 
cytoplasmic immunoreactivity for desmin.  
Neoplastic cells are diffusely negative for 
smooth muscle actin and AE1/AE3  

Figure 3-3. Larynx, dog: Regionally, neoplastic cells are 
surrounding by smaller less differentiated cells 
resembling satellite nuclei. (HE, 380X)  
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(pancytokeratin), inconsistent for leiomyo-
sarcoma and oncocytoma, respectively.   
These findings, combined with the 
histomorphologic features, are consistent 
with a skeletal muscle neoplasm.   
 
There was vigorous discussion amongst 
conference participants in regard to the 
diagnosis of canine laryngeal rhabdomyoma 
versus rhabdomyosarcoma in this case.  
Unfortunately, histologic features that clearly 
distinguish between the two have not been 
well documented.  Features that should raise 
the possibility of malignant biological 
behavior include a high percentage of 
undifferentiated cells, invasive growth, and a 
high mitotic count.3  The majority of 
participants preferred the diagnosis of 
rhabdomyoma based on lack of invasiveness 
at the near margin (although the lateral and 
deep margins could not be assessed) and low 
mitotic count. However, a significant 
minority preferred the diagnosis of "skeletal 
muscle neoplasm" due to the overlap of 
histomorphologic features shared between 
the two entities.   
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CASE IV: 20040779 (JPC 4166757)    
 
Signalment:  
1-year-old, castrated male, domestic longhair 
cat (Felis catus) 
 
History:  
This patient presented at a private clinic with 
a fever (105.3°F), icterus, and thrombo-
cytopenia. The animal progressed to a 
comatose state within 48 hours. Humane 
euthanasia and necropsy were performed off-
site, and selected tissues were received at 
Oklahoma Animal Disease Diagnostic 
Laboratory (OADDL). 
 
Gross Pathology:  
No gross findings reported. 
 
Laboratory results: 
No laboratory findings reported. 
 
Microscopic Description: 
Lymph node: Multifocally expanding blood 
vessels and extensively scattered within 
subendothelial spaces, cortical and medullary 
sinuses, are numerous, discrete, enlarged 
macrophages, distended up to 55 µm by 
multiple intracytoplasmic, irregularly round, 
developing schizonts, containing numerous, 
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1-3 µm, uninucleate merozoites. Affected 
blood vessels are congested, and lumina are 
frequently marginated and occasionally 
occluded by the schizont-laden macrophages. 
Small numbers of these vessels are lined by 
plump, hypertrophic endothelial cells. The 
connective tissue stroma within the 
medullary cords is loose and separated by 
increased amounts of clear space (edema). 
 
Contributor’s Morphologic Diagnoses:  
Lymph node: Histiocytosis, intravascular and 
parenchymal, diffuse, severe with 
intrahistiocytic schizonts (consistent with 
Cytauxzoon felis). 
  
Contributor’s Comment:  
The microscopic features of the lymph node 
are consistent with a diagnosis of 
cytauxzoonosis, which is an emerging, tick-
borne, life-threatening disease that affects 
domestic cats and wildlife felids. Since the 
first cases reported in Missouri in 1976, this 
disease has been identified in domestic cats 
from 17 states from within the United States, 
mainly in the southern and southeastern 
regions, and also in a few other countries to 
include Europe, South America, and Asia.13, 

15, 16   
 
The main etiologic agent, Cytauxzoon felis, is 
an apicomplexan protozoa belonging to order 
Piroplasmida, family Theileriidiae.7 C. felis 
infects a variety of wild felids including 
bobcat (Lynx rufus), Texas cougars (Puma 
concolor stanleyana) and Florida panthers 
(Puma concolor coryi), which act as natural 
reservoirs or incidental hosts in North 
America.4,12 Infected bobcats rarely have 
clinical illness but develop a persistent, non-
fatal parasitemia as a life-long carrier of this 
parasite.14 In contrast, domestic cats (Felis 
catus) infected with C. felis usually show 
clinical signs at approximately 5-14 days  
after exposure to an infected tick.16 Clinical 
presentation is typically non-specific, with an 

acute onset of anorexia, lethargy, and fever.7 
Other clinical findings exhibited by infected 
domestic cats, may include increased 
vocalization, respiratory distress, weakness, 
icterus, vomiting, abnormal mentation, or 
moribund.7,13 The duration of illness is 
extremely rapid and more than 90% of 
infected domestic cats succumb within days 
despite medical intervention.3 Domestic cats 
surviving acute illness, may become 
asymptomatic carriers with long-term 
parasitemia for years.8  
 
Transmission of Cytauxzoon felis to a felid 
host requires a tick vector. Although C. felis 
has been recovered from both Amblyomma 
americanum (lone star tick) and 
Dermancentor variabilis (American dog 
tick), Amblyomma americanum has been 
viewed as the primary vector for natural 
transmission of C. felis in North America, 
because the geographic distribution of this 
tick appears to overlap with ranges of 
reported C. felis infections, in domestic 
cats.1,5 In the life cycle of C. felis, zygotes 
develop in tick guts during the sexual phase 
of reproduction.16 The zygotes mature into 
mobile ookinetes and migrate to the salivary 
glands, where sporogony occurs, and then 
infectious sporozoites are inoculated into the 
dermis of the felid hosts during tick 
feeding.13 In the peripheral blood circulation, 
sporozoites directly enter into mononuclear 

 
Figure 4-1. Lymph nodes, cat.  Multiple lymph nodes 
are submitted for examination. At low magnification, 
there is mild reactive hyperplasia, areas of pallor 
within the cortex, and draining hemorrhage. (HE, 5X) 
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phagocytic cells and develop into nucleated 
schizonts. During schizogony, numerous 
merozoites are formed within mature 
schizonts that significantly expand the 
cytoplasm of phagocytes, with an increase in 
size up to 250 µm in diameter.16 Upon rupture 
of infected phagocytes, merozoites are 
released and subsequently taken up by 
circulating erythrocytes by endocytosis. The 
intra-erythrocytic merozoites (piroplasms) 
are 1-2 µm, often “signet-ring” or 
occasionally “safety pin” shaped, and 
capable of undergoing asexual reproduction 
by binary fission and then infecting other 
erythrocytes.16 Repetition of the asexual 
cycle results in parasitemia in the host 
animals. The parasite-laden erythrocytes are 
ingested by the tick vector, and the 
merozoites are released from the erythrocytes 
into the tick guts.13 After gametogenesis and 
fusion of male and female gametocytes, the 
life cycle of C. felis is completed.13,16 
 
The schizogenous phase of parasitic 
replication within the host’s mononuclear 
phagocytic cells is responsible for the 
primary clinical illness.7 In cats with C. felis 
infection, the large, schizont-laden macro-
phages are scattered throughout the body via 
blood circulation, which may occlude 
vascular lumina in various organs, 
particularly lung, liver, spleen, and lymphoid 
tissues.13 Hepatomegaly, splenomegaly and 
enlarged lymph nodes are often observed at 
necropsy.2 Additionally, disruption of 
vascular endothelia resulting in disseminated 
intravascular coagulation (DIC), is a 
common complication in naturally infected 
cats.16 Vascular obstruction, anoxia, severe 
systemic immune response against the 
parasites, and cell death, are contributory to 
multiorgan failure resulting in death of 
infected cats.6,13 Although the invasion of 
merozoites into erythrocytes sometimes leads 
to hemolysis, this parasitic phase (intra-

erythrocytic piroplasmosis) is not considered 
a main contributor to illness.8,13 
  
 
Contributing Institution:  
Department of Veterinary Pathobiology 
College of Veterinary Medicine 
Oklahoma State University 
https://vetmed.okstate.edu/veterinary-
pathobiology/index.html  
  
JPC Diagnosis: 
Lymph nodes and perinodal fibroadipose 
tissue: Apicomplexan schizonts, intra-
histiocytic, intra- and extravascular, nu-
merous, with diffuse mild reactive hyper-
plasia and draining hemorrhage, etiology 
consistent with Cytauxzoon felis. 
 
JPC Comment:   
The contributor provides a detailed and 
thorough overview of Cytauxzoon felis, an 
emerging tick-borne disease of domestic and 
wild felids first reported as a parasite of 
domestic cats in Missouri by Wagner in 
1976.10,13 

 

Cytauxzoon spp. are closely related to 
Thelieria spp. and are classically differ-
entiated based on leukocyte predilection in 
their vertebrate hosts.  Thelieria spp. undergo 
schizogony in lymphocytes with multiple 

 
Figure4-2. Lymph node, cat: There are numerous 
schizonts of Cytauzoon felis within macrophages 
within vessel lumina, paracortex, and sinuses. (HE, 
400X) 
 

https://vetmed.okstate.edu/veterinary-pathobiology/index.html
https://vetmed.okstate.edu/veterinary-pathobiology/index.html
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fission in erythrocytes whereas Cytauxzoon 
spp. undergo schizogony within histiocytes 
and binary fission within erythrocytes. 
However, differentiation between these 
genera based on host leukocyte predilection 
may be inadequate and in need of 
reconsideration.10   
 
C. felis has historically been considered to be 
highly fatal in domestic cats.  However, 
recent studies have found there is a 
significant subpopulation of subclinically 
infected domestic cats in the United States. 
Using PCR amplification with C. felis 
specific primers, 902 blood samples from 
healthy asymptomatic cats from Arkansas, 
Missouri, and Oklahoma were evaluated. 
15.5%, 12.9%, and 3.4%, respectively, were 
infected with C. felis in one study.11 A similar 
study of 1104 healthy cats in Kansas found 
25.8% were subclinically infected.17 Similar 
to the bobcat, transmission of C. felis from 
subclinically infected domestic cats to naïve 
cats via A. americanum has been observed in 
multiple studies. Therefore, it is likely these 
chronically infected cats serve as an 
important reservoir of infection to other 
domestic cats.10 
 

An additional interesting case of likely C. 
felis transmission was reported in Switz-
erland, involving a subclinical blood donor.  
Following transfusion, the recipient 
demonstrated intra-erythrocytic inclusions.  
C. felis was confirmed in both donor and 
recipient using PCR and sequencing of 1637 
bp of the 18S rRNA gene with 100% 
nucleotide sequence identity.  Therefore, it 
may be prudent to screen healthy blood donor 
cats for this agent by PCR, particularly given 
the aforementioned rates of subclinically 
infected domestic cats in endemic areas.9 
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WSC 20212022 Selfassessment 

Conference 9 

1.  Which of the following organs is most commonly affected in Cryptococcus infections? 

a. Lung 

b. Skin 

c. Eye 

d. Kidney 

 

2. Which of the following is the cause of enzootic nasal tumors in goats? 

a. Jaagsiekte virus 

b. Enzootic nasal tumor virus1 

c. Enzootic nasal tumor virus2 

d. Caprine lentivirus 

 

3.  Which of the following organelles yields a pink granular appearance on HE to laryngeal 

rhabdomyomas? 

a. Golgi bodies 

b. Mitochondria 

c. Lysosomes 

d. Smooth endoplasmic reticulum 

 

4. Which of the following is considered a natural host for Cytauxzoon felis? 

a. Bobcats 

b. Skunks 

c. Civets 

d. Pangolins 

 

5. Following rupture of the macrophage schizont, Cytauxzoon felis infects which of the following? 

a. Erythrocytes 

b. Lymphocytes 

c. Intestinal epithelium 

d. Endothelial cells 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 20192020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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C o n f e r e n c e 10           1 December 2021 

 

CASE I: N2018-0119 (JPC 4153147)     

 

Signalment:  
Adult, female, Sambava tomato frog 

(Dyscophus guineti) 

 

History:  
This Sambava tomato frog was found dead 

during routine morning rounds with no 

adverse clinical history. 

 

Gross Pathology:  

Extending from the rostral maxillary mucosa 

of the left internal naris is an approximately 3 

mm thick x 2 mm diameter, pink and smooth 

mass. 

 

Laboratory results: 

No laboratory findings reported.  

 

Microscopic Description: 
Extending from two representative sections 

of the left maxillary oral mucosa is an 

unencapsulated, variably well-demarcated, 

exophytic, and moderately cellular mass 

composed of two distinct populations of 

epithelial and mesenchymal cells forming 

multiple tooth-like structures (denticles) 

embedded within a pre-existing stroma. 

Denticles range from 50 to 250 microns in 

diameter and are composed of a combination 

of eosinophilic, homogenous to fibrillar 

material (dentin), palisading epithelium with 

apical nuclei and basilar cytoplasmic clearing 

(odontogenic epithelium; ameloblasts), and 

proliferating mesenchymal cells with small 

and hyperchromatic nuclei (odontoblasts). 

Central arcs of dentin are frequently lined by 

ameloblasts along their convex surface and 

odontoblasts along their concave surface. No 

mitoses are identified, and anisocytosis and 

anisokaryosis are minimal. Rare individual 

lymphocytes and plasma cells multifocally 

infiltrate the mass. 

 

Contributor’s Morphologic Diagnoses:  
Gingival mass: Odontoma, compound type 

 

Contributor’s Comment: 

Odontomas are odontogenic tumors with 

variably organized dental elements; they are 

designated as complex or compound based 

on how closely they parallel tooth 

 
Figure 1-1. Cross section through head, tomato frog.  
Hemisections of mandible (top) and a cross section of 
the head (bottom) are submitted for examination. (HE, 
5X) 
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embryogenesis. Familiarity with normal 

early tooth development is thus essential in 

accurate classification of odontomas, in 

addition to odontogenic lesions in general.  

 

Two tissue types are involved in mammalian 

odontogenesis: odontogenic epithelium and 

ectomesenchyme. The process initiates as 

ectoderm-derived oral epithelium extends 

into underlying connective tissue, forming a 

bud of epithelium referred to as the dental 

lamina (bud stage).8 As the dental lamina 

expands, it induces adjacent neural crest-

derived ectomesenchyme to proliferate and 

differentiate into the dental papilla, which 

organizes along a concavity of the dental 

lamina and is the future source of dental pulp 

and odontoblasts (cap stage). Next, a bell-like 

structure forms from continued proliferation 

of oral epithelium, which differentiates into 

the enamel organ, composed of central 

stellate reticulum, inner ameloblasts and 

stratum intermedium, and outer ameloblasts 

(bell stage). The underlying ectomesenchyme 

condenses and forms a dental follicle; the 

precursor to the periodontal ligament. As 

time progresses, production of dental matrix 

begins by differentiated odontoblasts of the 

dental papilla, which produce predentin that 

calcifies to dentin. This then leads to the 

crown stage, where ameloblasts produce 

overlying enamel.  

Complex odontomas are characterized by 

disorganized conglomerates of odontogenic 

epithelium, ectomesenchyme of the dental 

papilla, and dental hard substances (dentin 

and enamel). Compound odontomas form 

distinct, tooth-like structures called denticles, 

where the order of tissues in tooth 

embryogenesis is generally maintained.6 A 

combination of compound and complex 

structures often exists within a single tumor.7 

Odontomas are uncommon in veterinary 

species, despite being the most common 

odontogenic tumor reported in humans, 

especially children and young adults.11 They 

occur most frequently in young dogs and 

horses, with fewer case reports in other 

species.2,4,7 Associated clinical signs 

generally include unilateral swelling of the 

face or mandible and displacement of teeth. 

Although generally benign, they can be 

locally destructive. Complete surgical 

excision is typically curative.9 

 

Recently, odontomas were reported in three 

frogs: a Sambava tomato frog (also known as 

a false tomato frog [Dyscophus guineti]), an 

African clawed frog (Xenopus laevis), and a 

tomato frog of undetermined species.5 The 

tumor extended from the maxillary gingiva in 

all three cases, as occurred in this case. 

Histologically all tumors formed orderly 

denticles with ameloblasts, dentin, and 

odontoblasts, characterizing them as a 

compound subtype. In one case, the frog was 

 
Figure 1-3. Maxilla tomato frog.  Higher magnification 
of the neoplasm demonstrates nests of odontogenic 
epithelium surrounding crescents of tubular dentin.  
(HE, 188X) 

 

Figure 1-2. Maxilla, tomato frog.  An exophytic mass 
from the oral submucosa projects into the oral cavity.  
At this magnification, the mass is composed of 
disorganized trabeculae of columnar epithelium 
abutting eosinophilic arcs or islands of dentin. (HE, 30X) 
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euthanized due to the presence of the 

odontoma and the outcomes of the remaining 

two were unknown (lost to follow-up).  

 

With the exception of members of the family 

Bufonidae who lack teeth, the teeth of 

anurans are present only on the maxilla.10 

This may explain the predilection for 

odontomas arising from exclusively the 

maxillary mucosa in this group. Anurans 

have polyphyodont and homodont teeth and 

lack both cementum and a periodontal 

ligament.5 Tooth formation in amphibians is 

similar to that of mammalians, with a few key 

differences. The posterior teeth may be 

derived from foregut endoderm, rather than 

ectoderm.1 Additionally, prior to meta-

morphosis in some amphibians, odontoblasts 

produce enamaloid, a dentin-like matrix, that 

is overlain with enamel by ameloblasts.3 The 

dental follicle is not histologically apparent 

in amphibians, which is thought to be related 

to tooth attachment occurring at the base, 

rather than the sides, of the teeth.1 

Additionally, the enamel organ in amphi-

bians is described to be comprised of two cell 

layers – the inner and outer dental 

epithelium.3 Whether or not a stellate 

reticulum and stratum intermedium are 

additionally present is unclear; reptiles 

appear to develop a stellate reticulum, but the 

latter is often absent in bony fish.1  

 

The pathogenesis of odontomas is unknown. 

Some consider them a type of hamartoma 

rather than a neoplastic process, and all 

odontomas are classified as hamartomas in 

human medicine as of 2017.7 In the recent 

report of frogs with odontomas, trauma to the 

dental lamina leading to de novo dental 

element formation was proposed.5  

 

In the current case, the presence of an 

odontoma was not considered likely to have 

contributed to mortality. The animal was in 

good body condition and the tumor was small 

enough to not interfere with eating. Based on 

the identification of odontoma development 

in multiple frogs, this neoplasm should be 

considered as a differential diagnosis in cases 

of oral tumors in anurans. 

 

Contributing Institution:  
Wildlife Conservation Society, Zoological 

Health Program; 

https://oneworldonehealth.wcs.org 

  

JPC Diagnosis: 

Gingiva: Compound odontoma 

 

JPC Comment:   
This case presents an excellent example of an 

entity commonly associated with domestic 

species in an exotic animal.  In addition, the 

contributor provides a thorough review of 

odontogenesis, odontoma classification, and 

the unique anatomic and developmental 

features of anurans likely associated with 

odontoma formation.  

 

With the exclusion of the family Bufonidae 

(toads), the majority of anurans have teeth 

restricted to the upper jaw, with exception of 

some hylids in which teeth are also found on 

the dentary (anterior bone of the lower jaw).  

Teeth are arranged in a single row on the 

 
Figure 1-4. Maxilla, tomato frog.  Formation of a 
prototooth within the neoplasm.  A line of columnar 
ameloblasts (black arrows) palisades along the convex 
surface of an irregular crescent of eosinophilic dentin.   
A line of odontoblasts (green arrows) palisades along 
its concave surface.  Dorsal to the ameloblasts, there is 
loosely arranged ectomesencyme recapitulating 
stellate reticulum. (HE, 30X) 
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paired premaxillaries, maxillaries, and 

vomers.  These homodont bicuspid teeth are 

very small, measuring less than 1.0 mm long 

in the northern leopard frog (Rana pipiens) 

but numerous, with up to 184 functional 

teeth, which are each associated with a 

replacement tooth, resulting in an average of 

368 teeth in this species.3 

 

The aquatic larvae of anurans, tadpoles, do 

not have truly mineralized teeth, with 

Xenopus laevis (African clawed frog) as an 

exception.  Instead, they have horny labial 

teeth on the upper and lower beak composed 

of columns of keratinized epithelial cells.  

Both the number of teeth and the size of the 

beak grow throughout larval life.  Similar to 

the tail, the keratinized epithelial cells are 

destroyed by autolysis during meta-

morphosis.3   

 

The first tooth germs appear during 

metamorphosis, near the end of hindlimb 

organogenesis, and the first true teeth are 

functional after approximately 25 days.  

Using R. pipiens as a model, six dental 

laminae correspond to the six dentigerous 

bones, extending lingual to the dental process 

of each bone and give rise to enamel organs.3      

 

In contrast to other anurans, X. laevis differs 

in that true teeth develop in the upper jaw of 

tadpoles during the last stages of larval life.  

However, these teeth do not erupt until the 

end of metamorphosis. The teeth are 

morphologically similar between larvae and 

adults but differ size.  X. laevis teeth form a 

single row on the upper jaw and are 

homodont, conical, monocuspid, and slightly 

curved at the tip.3    

As noted by the contributor, the cause of 

odontoma formation in anurans is unknown, 

Tumor Odontogenic 

epithelium 

Stroma Mesenchyme Matrix Species 

affected 

Misc. 

Ameloblastoma Yes Not essential for 
diagnosis 

None None Dog, cat, 
horse 

Keratinization may 
occur 

Amyloid 

producing 
odontogenic 

ameloblastoma 

Yes Not essential for 

diagnosis 

None Amyloid Dog, cat, 

horse 

Matrix composed of 

enamel proteins which 
are still Congophilic and 

exhibit apple-green 

birefringence; IHC + for 
laminin 

Canine 

acanthomatous 

ameloblastoma 

Yes Stellate fibroblasts in 

dense collagen; 

regularly spaced 
dilated, empty blood 

vessels 

Periodontal 

ligament 

None Dog Interconnected sheets of 

odontogenic epithelium 

  

Ameloblastic 

fibroma 

Yes Loose, collagen poor, 

resembles pulp 
ectomesenchyme 

Pulp 

ectomesenchyme 

None Young 

animals, 
cattle 

  

Most common oral 

neoplasm 
in cattle 

  

Ameloblastic 

fibro-odontoma 

Yes Loose, collagen poor, 

resembles pulp 
ectomesenchyme 

Pulp 

ectomesenchyme 
  

Dentin or 

enamel 
  

Young 

animals, 
cattle 

  

Complex 

odontoma 

Yes Well-differentiated 

dentinal tissue 

Pulp 

ectomesenchyme 

Dentin, 

enamel (may 

be 
mineralized) 

Dog, rodent, 

primates, 

horse 

Horse, rodents produce 

cementum; “balls of 

disorganized dental hard 
substance” 

Compound 

odontoma 

Yes Well-differentiated 

dentinal tissue; dense 
collagen and vascular 

connective tissue 

Pulp 

ectomesenchyme 

Dentin, 

mineralized 
enamel 

Young dogs Multiple tooth-like 

structures 
(denticles) 

Table 1 
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although trauma to the dental lamina has been 

hypothesized.5 The dental lamina is a special-

ized segment of the embryologic gingival 

epithelium that invaginates into the 

developing jaw and gives rise to the enamel 

organ, a complex structure of odontogenic 

epithelium that produces enamel.  It includes 

the outer enamel epithelium, stellate retic-

ulum, and inner enamel epithelium.7 In 

anurans, the dental lamina is present 

throughout the life of the animal due to its 

polyphyodont dentition (i.e. teeth are 

replaced multiple times throughout the 

animal's lifetime). Previous studies have 

demonstrated transplantation of the dental 

lamina leads to the formation and replication 

of tooth buds and/or formed teeth, even when 

transplanted outside the oral cavity.5 When 

transplanted along sections of the jaw, tooth 

development occurs in an orderly fashion 

with a regular relationship between the teeth 

and underlying bone.5    
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CASE II: 73640 (JPC 4166754)     

 

Signalment:  
14-year-old female African Penguin, 

(Spheniscus demersus) 

 

History:  
This penguin, which was housed in an 

indoor-outdoor zoological exhibit, presented 

to veterinary staff for anorexia of 5-days 

duration. Initial treatments included gavage 

feeding with Piscivore liquid nutrition, 

subcutaneous fluids, metoclopramide, maro-

pitant and itraconazole (for possible 

aspergillosis). Anorexia persisted over the 

next four days despite supportive care. Four 

days after presentation, slightly labored 

breathing was noted, and terbinafine and  
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enrofloxacin were added to the medications. 

Over the following week, the penguin 

regurgitated all offered fish, but responded 

well to gavage feeding and maintained body 

weight. A radiograph taken on day eight 

revealed a radiodense foreign body in the 

caudal ventriculus. Multiple hematology 

examinations performed during this time 

showed a decline in hematocrit without overt 

anemia (PCV remained within reference 

range) and no signs of infectious or inflam- 

matory disease. While anesthetized for 

foreign body removal, the bird went into 

cardiac arrest, and resuscitation efforts were 

unsuccessful.  

 

Gross Pathology:  

At necropsy, the ventriculus contained a 

bullet measuring 1.5cm in length. The ingesta 

surrounding the bullet was discolored grey. 

The mucosal surface appeared intact with no 

areas of ulceration. The kidneys and other 

visceral organs appeared grossly un-

remarkable. 

 

Laboratory results: 

Liver lead level: 48.24 mg/kg  

Kidney lead level: 289.5 mg/kg  

 

Microscopic Description:  
Kidney – Multifocally, the proximal tubular 

epithelial cells are mildly swollen with 

vacuolated cytoplasm and vesicular nuclei 

(degeneration), or hypereosinophilic and 

discohesive with pyknotic or lytic nuclei 

(necrosis). Within the degenerate epithelial 

cells, nuclei frequently contain multiple, 

amphophilic, round inclusion bodies 

measuring approximately 1-3 µm in 

diameter. Necrotic tubules often contain 

aggregates of lightly-basophilic, finely gran-

ular to radiating, acicular material (consistent 

with early urate crystal deposition). The 

intranuclear inclusion bodies are strongly 

acid-fast positive.  

 
Figure 2-1. Kidney, liver, spleen, penguin.  Multiple 
organs (liver at top left, kidney at top right, and spleen 
at bottom are submitted for examination; there are no 
visible lesions at subgross magnification. (HE, 6X) 

 
Figure 2-2. Kidney, penguin. There is multifocal tubular epithelial degeneration, necrosis, and sloughing into the lumen (black 
arrows). An adjacent degenerating tubule also contains crystalline mineral within the lumen.  The lumen and epithelium of 
an adjacent tubule is effaced by spicular basophilic gouty tophi.    
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Contributor’s Morphologic Diagnoses:  

Kidney: Tubular degeneration and necrosis, 

multifocal, moderate with intranuclear acid- 

fast inclusion bodies, and intratubular urate 

crystal deposition. 

 

 

Contributor’s Comment: 

Lead toxicosis is a well-recognized cause of 

morbidity and mortality in wildlife, humans 

and domestic animals. It is the most common  

form of heavy metal toxicity in birds, and is 

now thought to be the most frequent 

poisoning caused by a contaminant in avian 

species worldwide.6  Common sources of 

lead exposure in birds include ammunition, 

fishing sinkers, coins, contaminated sed-

iment, as well as ingestion of affected 

animals (i.e. secondary poisoning).  

 

Lead is capable of causing lesions and 

dysfunction in cardiovascular, neurological, 

hematopoietic, gastrointestinal, reproductive 

and immunological organs. Although the 

mechanism of lead-induced toxicity is not 

completely understood, the main targets of 

lead are enzymes involved in heme synthesis 

as well as thiol-containing antioxidants and 

enzymes (superoxide dismutase, catalase 

glutathione peroxidase, glucose 6-phosphate 

dehydrogenase, glutathione).4  Low levels of 

lead in blood and tissue are sufficient to 

inhibit the activity of these enzymes, causing 

various effects, including impaired heme 

synthesis and generation of reactive oxygen 

Lead Tissue Concentrations (Liver, Kidney) Clinical Significance 

<2mg/kg ww Background level 

2-6mg/kg ww Subclinical poisoning 

6-15mg/kg ww Clinical poisoning 

>15 mg/kg ww Severe clinical poisoning and death 

27 and 107 mg/kg ww Chronic poisoning  
Table 2 

 
Figure 2-3. Kidney, penguin. Randomly scattered tubules are effaced by an aggregated of spicular basophilic gouty tophi (black 
arrows). (HE, 400X)   
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species (ROS). Additionally, lead inhibits 

and mimics the action of calcium, thus 

disrupting calcium-dependent pathways.  

Generally, kidney and liver concentrations of 

lead above 36mg/kg on a dry weight basis are 

considered diagnostic for lead toxicosis in 

animals (per Puls, R. (1994) Mineral Levels 

in Animal Health. Diagnostic Data. 2nd 

Edition, Sherpa International, Clearbrook, 

82.). Liver and kidney lead concentrations in 

this African Penguin were 48.24mg/kg and 

289.5mg/kg, respectively, confirming lead 

toxicosis. Lead tissue concentrations (on a 

fresh weight base) and their clinical 

relevance in birds have also been reported 

(Table 2). Necropsy lesions can be absent or 

include pectoral atrophy, fat depletion, 

esophageal/ proventricular impaction, ven-

tricular erosions, gallbladder distension and 

lead objects in gastric contents.5 In the 

present case, the clinical presentation, 

pathology findings and toxicology results 

corroborate that this African penguin had a 

lead toxicosis. Due to the inhibition of heme 

synthesis, nonregenerative anemia is a 

common finding in lead toxicosis. Although 

this African penguin did not show profound 

anemia, the declining PCV was interpreted as 

a result of lead toxicosis. Notably, there were 

histologic changes in the kidney that are 

characteristic of lead toxicosis, including 

epithelial cell degeneration in the proximal 

convoluted tubules and intranuclear acid-fast 

inclusions.1   

 

Contributing Institution:  
Johns Hopkins University, School of 

Medicine 

Department of Molecular and Comparative 

Pathobiology 

Broadway Research Building, #811 

733 N. Broadway 

Baltimore, MD 21205 

Phone: 443-287-2953 

Fax: 443-287-5628  

http://mcp.bs.jhmi.edu/ 

  

JPC Diagnosis: 

1.  Kidney, tubules:  Eosinophilic intra-

nuclear inclusions. 

2. Kidney, tubules:  Nephritis, heterophilic, 

multifocal, mild, with gouty tophi and 

tubulorrhexis.  

3.  Liver, Kupffer cells and hepatocytes; 

kidney, tubular epithelium:  Siderosis, diff-

use, mild to moderate. 

 

 

 
Figure 2-4. Kidney, penguin. Proximal convoluted tubule nuclei are occasionally enlarged by a 2-4 µm eosinophilic round lead 
inclusion surrounded by a clear halo. (HE, 460X) 

http://mcp.bs.jhmi.edu/
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JPC Comment:   
The recognition of plumbism (i.e. lead 

poisoning) has a long history, with the oldest 

known written description attributed to the 

Greek physician Nicander during the second 

century B.C.E. Multiple notable Romans also 

wrote about the dangers of lead, including 

Pliny, who described the dangers of red lead 

and lead acetate while also describing how 

the leaching of copper into food could be 

prevented by lining copper pots with lead.  

He also endorsed the reduction of grape syrup 

in lead vessels to produce sapa, a syrup used 

to sweeten wine and preserve fruit, a process 

that inherently added lead acetate to the 

liquid.2 Debate continues as to the role of lead 

in the fall of the Roman Empire, which is 

often attributed to the lead used in Roman 

water pipes.  However, the main source of 

lead for the Romans was probably sapa.2,7 
 

The primary route of entry of lead into the 

body is via the digestive tract.  Fine particles 

of lead and lead salts are solubilized in the 

acidic environment of the stomach with most 

lead absorption occurring in the small 

intestine.7 Inhaled fumes from heated lead 

and very fine particles (<0.5 µm) can enter 

the alveoli and be absorbed while larger 

particles are entrapped by the bronchial tree.  

These larger particles are then cleared from 

the airway by mucociliary action, swallowed, 

and absorbed via the gastrointestinal tract.  

Risk factors for increased lead absorption 

include a high fat diet, mineral deficiency, 

and young age. High fat and mineral 

deficiency (e.g. calcium) can increase lead 

absorption by 7- and 20-fold, respectively.  

Non-ruminant animals absorb approximately 

10% of dietary lead while ruminants absorb 

less than 3%.  However, young animals can 

absorb up to 90%. Once absorbed, the 

majority of lead (60-90% depending on the 

species) is carried on the cell membrane of 

erythrocytes while the remainder is bound to 

protein or sulfhydryl compounds with only a 

scant amount found free in the serum.  Lead 

is then distributed throughout the body, 

including crossing the blood-brain barrier, 

and accumulates in the active bone matrix 

(approximately 90%). Lead deposited in 

bone typically has a low turnover rate, 

however, it can be rapidly mobilized by 

lactation, pregnancy, or by the action of 

chelating agents.7      

 

As noted by the contributor, lead toxicity 

commonly affects birds, including bald 

eagles.  Plumbism in this species is primarily 

associated with the scavenging carcasses of 

animals killed with lead based ammunition 

and was found to be associated with 63.5% of 

diagnosed poisonings between 1975 and 

2013 in a recent retrospective study.3 Of 93 

specimens with blood levels consistent with 

severe lead poisoning (≥1 ppm), gross lesions 

were most frequently observed in the heart 

(51/93 cases) with multifocal myocardial 

pallor and rounding of the apex. Gross 

lesions were also observed in the brain 

(19/93) with petechiae or hemorrhagic 

necrosis. Histologic lesions were most 

commonly noted within the heart (76/93), 

followed by the brain (59/93), and the eyes 

(24/87). Histologic lesions were character-

ized by fibrinoid necrosis of small to medium 

caliber arteries, predominantly within the 

previously identified organs, with the gross 

 
Figure 2-5. Kidney, proximal convoluted tubules:  
Intranulcear inclusions stain positively with an acid-fast 
stain.  (Ziehl-Neelsen, 400X) 
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and histologic lesions consistent with 

ischemia caused by a primary vascular insult.  

As a result, the authors concluded the pres-

ence of these lesions in the absence of 

infectious agents or significant inflammation 

is suggestive of lead toxicity.  Interestingly, 

renal tubular degeneration and necrosis was 

rare in bald eagles, and was minimal to mild 

when present. Intranuclear lead inclusion 

bodies were not detected in the afore-

mentioned study. Definitive diagnosis of lead 

toxicity is preferably done utilizing liver 

and/or kidney tissue with liver lead 

concentrations greater than 6ppm (wet 

weight) thought to be associated with clinical 

toxicity and greater than 10ppm with severe 

poisoning in bald eagles, although levels less 

than 6 ppm were also found to be associated 

with severe or fatal lead toxicity.3 
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CASE III: 5239 (JPC 4135744)    

 

Signalment:  
Adult, female, guineafowl puffer (Arothron 

meleagris) 

 

History:  
This is a wild-caught, adult, female, 

guineafowl puffer that arrived into quarantine 

6 months prior to presentation. The animal 

was placed into a 100,000 gallon mixed 

Indopacific teleost and elasmobranch exhibit 

after a 30-day period of quarantine. After 4 

months on exhibit keepers reported decreased 

appetite, lethargy, self-isolation and possible 

intraspecific aggression toward the fish. The 

animal was transferred to a hospital tank for 

examination and treatment. 

 

Examination revealed bilateral nodular, tan 

masses in the anterior chamber of the eyes, 

near the junction between the iris and sclera.  

Fine needle aspiration recovered numerous 

oval to round darkly staining, refractile  

 
Figure 3-1. Cytology, anterior chamber, guineafowl 
puffer fish. There are numerous oval to round darkly 
staining, refractile structures intermixed with 
histiocytic and granulocytic inflammatory cells (Photo 
courtesy of: Wildlife Conservation Society, 2300 
Southern Blvd., Bronx, NY 10460 https://www.wcs.org) 



11 
 

structures intermixed with histiocytic and 

granulocytic inflammatory cells.  Acid-fast 

staining revealed these structures were 

strongly acid-fast with prominent bilateral 

polar capsules consistent with intraocular 

myxozoan infection.  Ad-ditionally, the 

animal was negatively buoyant at exam and 

radiographs revealed a small 

asymmetrical/irregular swim bladder 

suggestive of concurrent aerocystitis.  The 

animal was treated with injectable 

antibiotics, anti-inflammatories, and an oral 

gel diet containing amprolium for suspected 

bacterial aerocystitis and myxozoan-

associated anterior uveitis/scleritis.  The fish 

initially responded well to treatment, with 

improved appetite and activity, but acutely 

developed corneal clouding/edema and was 

found dead 4 weeks later. 

 

Gross Pathology:  

At necropsy, the swim bladder is intact, and 

the right lobe horn is approximately 20% 

smaller than the left horn. Adhered to the 

mucosal surface, and filling the lumen, is 

abundant, semi-firm, brown to yellow, waxy, 

material mixed with pale yellow to tan 

mucoid material and a small amount of red to 

brown, gelatinous to mucoid 

material. Bilaterally, the eyes are mildly 

shrunken and the corneas are diffusely 

cloudy. Multifocally within the sclera and 

bulging onto the periocular surface of the left 

eye, are five, 0.4 cm to 0.6 cm in diameter, 

soft, pale yellow nodules, and one 0.5 cm in 

diameter soft, slightly flocculent dull red 

nodule. Multifocally within the sclera of the 

right eye and bulging into the periocular 

space are six, 0.4 cm to 0.6 cm in diameter, 

soft, pale yellow nodules, and one 1.0 cm in 

diameter soft, slightly flocculent dull red 

nodule. 

 

Laboratory results: 

No laboratory findings reported. 

 

Microscopic Description: 

Diffusely, the swim bladder mucosa is 

markedly expanded and largely effaced by 

multifocal to locally extensive, variably sized 

regions of necrosis and inflammation, and 

increased clear space (edema). Segmentally, 

the mucosal surface is ulcerated and replaced 

by a large sheet of epithelioid macrophages 

mixed with small numbers of lymphocytes 

and covered by a thick plaque of brightly 

eosinophilic necrotic material with pyknotic 

and karyorrhectic nuclear debris. Within the 

gas gland and rete mirabile and extending 

into the submucosa, are multifocal to locally 

 
Figure 3-2. Swim bladder, guineafowl puffer fish.    The 
mucosa is covered and the lumen is partially filled by a 
yellow-orange mucoid exudate. (Photo courtesy of: 
Wildlife Conservation Society, 2300 Southern Blvd., 
Bronx, NY 10460 https://www.wcs.org) 
 

 

Figure 3-3. Swim bladder, guineafowl puffer fish. A 
section of swim bladder is submitted for examination.  
There as marked expansion of the wall of by numerous 
coalescing granulomas (upper left and lower right). The 
mucosa is multifocally ulcerated, and the external tunic 
is separated from the mural smooth muscle. (HE, 7X) 
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extensive, granulomas with variably thick 

layers of epithelioid macrophages, central 

brightly eosinophilic material with pyknotic 

and karyorrhectic nuclear debris or pale 

basophilic stippled material, and a peripheral 

rim of fibroblasts and occasional lympho-

cytes. Within these regions of necrotic debris 

as well as in the cytoplasm of intact 

macrophages are abundant negative staining, 

thin, bacilli. Also within regions of 

inflammation and in vessels, are small 

numbers of myxospores. Spores are ovoid to 

pyriform, approximately 10-12 um long and 

8-10 um wide, with a refractile, 1um thick 

wall, two pyriform polar capsules oriented at 

one pole, and an occasionally visible, 1 um in 

diameter basophilic nucleus. The gas gland is 

moderately thickened up to 20-30 cell layers 

with multifocally hypertrophied epithelium 

up to 3x the normal cell size. Infiltrating the 

rete mirabile are small to moderate numbers 

of lymphocytes and histiocytes. Vessels are 

multifocally, mildly congested and fre-

quently lined by plump endothelial cells. 

Scattered throughout the section are mildly 

increased numbers of rodlet cells. In some 

sections, there is a large round to oval region 

of clear space within the rete mirabile 

(presumed entrapped gas). 

 

Contributor’s Morphologic Diagnoses:  

Swim bladder, Aerocystitis, granulomatous, 

necrotizing, multifocal to locally extensive, 

acute and chronic, severe with mucosal 

ulceration, edema, gas gland epithelial 

hyperplasia, and abundant intralesional and 

intrahistiocytic negative staining bacilli.  

 

Swim bladder, Myxozoa, intravascular and 

intralesional, small numbers. 

 

Contributor’s Comment: 

This case represents a chronic mycobacterial 

swim bladder infection with concurrent 

systemic myxozoa spread from a primary 

ocular myxozoan infection. 

The swim bladder develops as a diverticulum 

of the pharynx, with either maintenance of a 

pneumatic duct between the swim bladder 

and the pharynx/esophagus in soft-rayed 

fishes (physostomes) or loss of the pneumatic 

duct in spiny-rayed fished (physo-

clistous).3,7,8 The swim bladder’s primary 

role is buoyancy, though it is also thought to 

play a role in sound reception/production and 

pressure reception.3,8  

 

The swim bladder is commonly located in the 

dorsal 1/3 of the coelom, ventral to the 

posterior kidney and vertebral column, but 

the anatomy can vary between different 

species. The swim bladder can be ovoid or 

multilobulated, and may be one chamber 

(Salmonidae, Sygnathidae) or two chambers 

(Cyprinidae).3,7,8 Wall thickness can also 

vary by species from thin and translucent to 

thick and opaque white. Histologically, the 

wall of the swim bladder is divided into four 

layers. The most internal layer, is the mucosa, 

which is comprised of single layer of 

cuboidal to transitional epithelium that is 

responsible for producing surfactant. The 

second layer is the muscularis, which can be 

composed of smooth muscle or skeletal 

muscle depending on the species, followed 

by the submucosa, which is composed of 

loosely arranged fibroblasts and collagen 

fibers that is also highly vascular. The most 

external layer is the external tunic, which is 

 

Figure 3-4. Swim bladder, guineafowl puffer fish.  
Numerous granulomas, some centered on eosinophilic 
cellular debris expand the wall of the swim bladder. 
(HE, 173X) 
 



13 
 

composed of compact fibroblasts and 

collagen bundles and a thin serosa.3,8 There 

are three functional components to the swim 

bladder: the oval, the gas gland, and the rete 

mirabile.3 The oval is on the caudodorsal wall 

of the swim bladder, and helps regulate 

oxygen movement from the lumen into the 

blood to reduce swim bladder volume.3 The 

gas gland is located on the cranioventral 

aspect of the swim bladder and consists of a 

variably thick epithelial layer of gas gland 

cells responsible for acidifying the blood and 

releasing oxygen into the lumen.2 Blood 

supply to the gas gland is provided by the rete 

mirabile, which is composed of many arterial 

and venous capillaries allowing for 

countercurrent blood flow.3 

  

In the swim bladder of this guineafowl 

puffer, there was severe granulomatous and 

necrotizing inflammation with abundant 

acid-fast bacilli consistent with a 

Mycobacterium spp. Carnobacterium 

maltaromaticum and Aeromonas hydrophila 

were also cultured from the swim bladder, 

but these were considered a secondary 

infection and were not histologically 

apparent.   

 

Mycobacteriosis in fish often presents as a 

chronic disease for which clinical signs may 

not be observed. 4 Multiple non-tuberculous 

Mycobacterium species have been reported 

to cause disease in fish, though M. marinum, 

M. chelonea and M. fortuitum are reported as 

the most common isolates.4 Systemic 

dissemination to multiple organs is common 

in fish mycobacteriosis, and associated 

inflammation is often granulomatous. 

Lesions can range from a mixture of 

macrophages and occasional granulocytes in 

acute lesions, to discrete granulomas with 

epitheloid macrophages centrally and a 

periphery of fibroblasts and lymphocytes in 

more chronic lesions.  

 

This fish also had a severe, bilateral ocular 

myxozoan infection, and on histopathologic 

examination, myxospores were noted in the 

swim bladder, vessels in the wall of the 

gastrointestinal tract, and melanomacrophage 

centers in the spleen and anterior kidney, 

supporting systemic spread. The myxozoa 

were not considered to be a primary cause of 

inflammation in the swim bladder, and likely 

colonized the region opportunistically.  At 

the time of submission, a definitive 

identification of the myxozoan was not 

available; however, based on the cytologic 

appearance of the organisms and histologic 

lesions centered on the scleral cartilage in the 

eyes, a Myxobolus spp. was considered most 

likely.  

 

While some species of myxozoans, such as 

Myxobolus cerebralis, Henneguya ictaluri, 

and Tetracapsuloides bryosalmonae, are 

known to cause significant clinical disease, 

many infections are subclinical.1,6 However, 

if myxozoan cysts rupture, the release of the 

spores and can incite a local inflammatory 

response and occasionally involve other 

organ systems.1,6 Presumably, this fish 

arrived into quarantine with a subclinical 

ocular myxozoan infection, and it was not  

 
Figure 3-5. Swim bladder, guineafowl puffer fish. Small 
numbers of filamentous acid-fast bacilli are present 
within the center of the granulomas. (Ziehl-Neelsen, 
400X) 
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until the myxozoan cysts ruptured that 

clinical signs and grossly apparent ocular 

lesions manifested.  

 

Contributing Institution:  
Wildlife Conservation Society  

2300 Southern Blvd.  

Bronx, NY 10460 

https://www.wcs.org  

 

JPC Diagnosis: 

1. Swim bladder, mucosa and submucosa:  

Aerocystitis, granulomatous, multifocal 

to coalescing, severe, with ulceration, 

intravascular gas bubble formation, rodlet 

cell hyperplasia, and gas gland hyper-

plasia and hypertrophy. 

 

2. Swim bladder, granulomas and rete 

mirabile:  Myxospores, numerous.  

 

JPC Comment:   
The contributor provides an excellent review 

of the development, anatomy, physiology, 

and roles associated with the swim bladder in 

various fish species as well as an overview of 

mycobacteriosis and myxozoans. 

 

Mycobacteriosis in fish was first described in 

carp (Cyprinus carpio) by Bateaillon et al. in 

1897. As noted by the contributor, three 

Mycobacterium spp. have since dominated 

the literature in regard to fish:  Myco-

bacterium marinum, Mycobacterium 

fortuitum, and Mycobacterium chelonae.4 
 

Pathogenic mycobacteria are predominately 

intracellular organisms found within 

phagocytes that are resistant to the normal 

processes of acidification and phago-

lysosomal fusion.  In addition, pathogenic 

mycobacteria are thought to retard the 

maturation of mammalian phagosomes and 

their progression to the phagolysosomal state 

by preventing fusion with components of the 

late, but not early endosomal network.  

Furthermore, M. marinum in mouse macro-

phages has been shown to escape 

phagosomes and spread directly from cell to 

cell via actin-based motility.  However, less 

information exists in regard to the behavior 

of mycobacteria within poikilotherm 

macrophages.  Using cell lines derived from 

carp leukocytes, M. marinum was found to 

inhibit phagolysosome fusion.  However, 

phagolysosome fusion occurred in vivo in 

striped bass infected with M. marinum, with 

similar findings in frog and fish tissues.  

These findings suggest multiple intracellular 

survival strategies may be used by these 

intracellular bacteria in poikilotherms.4     

External clinical signs are non-specific and 

include scale loss, dermal ulceration, 

pigmentary changes, abnormal behavior, 

spinal defects, emaciation, and ascities.  

Gross internal lesions include enlargement of 

the spleen, kidney, and liver, and 

characteristic grey or white nodules on 

internal organs.4   

 

A recent report described a continuum of 

variably mature granulomatous lesions 

caused by Mycobacterium chelonae in two 

farmed Japanese pufferfish (Takifugu 

rubripes) within the swim bladder, kidney, 

spleen, and gills.5  The most mature lesions 

comprised of encapsulated granulomas with 

 
Figure 3-6. Swim bladder, guineafowl puffer fish.  
Granulomas occasionally contain one or multiple 
elliptical to oval myxospores. (PAS, 400X) 
 

https://www.wcs.org/
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central necrosis were most commonly 

identified in the swim bladder.  Intermediate 

lesions with encapsulated granulomas 

without central necrosis and immature 

lesions with unencapsulated clusters of 

epithelioid macrophages were most 

frequently identified in the kidney and 

spleen, and the gills most commonly 

exhibited immature lesions.  The presence 

mature granulomas in the swim bladder in 

comparison to other locations suggested that 

M. chelonae-induced lesions in the swim 

bladder either formed earlier during the 

infection (i.e. the swim bladder was more 

susceptible to infection), or M. chelonae 

induced lesions developed more rapidly in 

the swim bladder compared with other 

organs. Given that the swim bladder is 

composed primarily of oxygen, the authors of 

the report suggest the association of the 

mature lesions with the swim bladder may 

have been due to the typically aerobic nature 

of Mycobacterium spp., as well as the organ’s 

connection to the circulatory system with a 

rich blood flow.5 As noted by the contributor, 

multiple non-tuberculous Mycobacterium 

species have been reported to cause disease 

in fish.5   

 

In this case, acid fast stains (Fite-Faraco and 

Ziehl-Neelsen) reveal small numbers of 

filamentous acid-fast bacilli within multi-

focal granulomas. Although these findings 

are consistent with Mycobacterium spp., 

results of confirmatory testing such as PCR, 

if performed, were not included in the WSC 

submission. 

 

Myxozoans are metazoan parasites that 

predominantly infect poikilothermic animals, 

with over 700 species described in fish.  

These parasites have a complex life-cycle 

that often alternates between vertebrate and 

invertebrate hosts with sporogony occurring 

in each (i.e. alternated bisporogony).  As 

noted by the contributor, the majority of 

infections cause chronic subclinical disease 

with little to no clinical signs or host immune 

response. However notable exceptions 

associated with high morbidity and mortality 

and significant economic loss include 

Myxobolus cerebralis, Henneguya ictaluri, 

and Tetracapsuloides bryosalmonae, the 

species associated with whirling disease of 

the salmon, proliferative gill disease of the 

catfish, and proliferative kidney disease of 

salmon, respectively. Although predomi-

nantly considered a disease of farmed fish, 

whirling disease has been found in wild 

stock, raising concerns in regard to 

population decline.1 
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CASE IV: M20-05667 (JPC 4155412)    

 

Signalment:  
12 month old, mixed sex, diploid Sydney 

Rock Oysters (Saccostrea glomerata) 

 

History:  
A mortality event of approximately 42% 

occurred on an oyster farm in autumn, with 

the worst affected oysters being the oldest,  

and those positioned on floating baskets 

compared with the lesser affected intertidal 

baskets. Water quality at the time was 

described as the ‘worst in over 50 years’, 

persisting since heavy rains caused flood 

events after the area was impacted by large 

bush fires in Summer 2019-2020. Dead 

oysters presented as empty shells, and 

farmers noted remaining oysters were 

weaping a clear liquid. 

 

Gross Pathology:  

12 oysters were opened and examined. Most 

of the oysters appeared watery, with pale 

digestive glands. Non-affected oysters 

presented with normal dark brown digestive 

gland. 

 

Laboratory results: 

The digestive gland of each oyster was 

examined with impression smear, stained 

with Diff Quick. A sample of digestive gland 

was also collected and a QX (Marteilia 

sydneyi) PCR was performed. A strong 

correlation between smear results and DNA 

PCR results is consistently observed in our 

laboratory. 

 

Microscopic Description: 

Impression smears, digestive gland, Sydney 

rock oysters.  

 

There is moderate background granularity 

and amorphous debris. The smears contain 

nuclear material in streaks or clusters, and 

abundant sperm. There are numerous 

digestive gland epithelial cells with mild 

 
Figure 4-1. Presentation, Sydney rock oysters. Affected oysters appeared watery, with pale digestive glands (left). Non-
affected oysters presented with normal dark brown digestive gland (right).  Photo courtesy of:  Elizabeth Macarthur 
Agricultural Institute, Woodbridge Road, Menangle NSW 2568 Australia, https://www.dpi.nsw.gov.au/about-
us/services/laboratory-services) 
 

https://www.dpi.nsw.gov.au/about-us/services/laboratory-services
https://www.dpi.nsw.gov.au/about-us/services/laboratory-services
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variation in size between 15-25µm, with 

large pale vacuolated cytoplasm and a 

loosely stained single nuclei. Occasionally 

there are basophilic secretory cells present, 

with dark blue cytoplasm and smaller size 

(approximately 5-10 µm diameter), and rare 

hemocytes. There are numerous  various 

protozoal life cycle stages, including 

daughter cells (small 5-10 µm oval cells with 

blue cytoplasm), daughter cells containing 

secondary cells (larger 10-15 µm containing 

one or more plasmodia), immature sporonts 

and mature sporonts (containing numerous 

blue refractile bodies and two spores), 

admixed with cellular debris and ruptured 

nurse cells (sporangiosori).    

 

Contributor’s Morphologic Diagnoses:  

Digestive gland smear: Marked parasitism 

with ruptured nurse cells, consistent with 

Marteilia sydneyi infection, Sydney rock 

oyster (Saccostrea glomerata). 

 

Contributor’s Comment:  

The Australian bushfires in the summer of 

2019-2020 burnt over 4.9 million hectares of 

land in New South Wales. Almost 

immediately following this event, there were 

heavy rainfalls, resulting in abundant ash 

runoff into rivers and estuaries. This ash 

particulate matter, combined with the 

fluctuations in salinity associated with 

flooding, may have contributed to many 

reports of mortalities in farmed aquaculture 

species, including the Sydney rock oysters, 

during this time. This mortality event was 

located in an estuary previously known to 

have QX, however active disease in Sydney 

rock oysters had not been diagnosed in the 

area for 13 years.  

 

QX disease is caused by a protozoan parasite, 

Marteilia sydneyi (phylum Paramyxea).5 The 

organism has been shown to have another 

host and potential environmental reservoir, 

the polychaete worm Nephtys australiensis.1 

Since there is an environmental reservoir for 

the organism, it may be years between 

disease outbreaks in estuaries where the 

parasite is endemic. 

 

Death from QX disease generally occurs in 

late summer to early spring (February-

September)6 and may be associated with 

heavy rainfall3 and low salinity.4 Disease is 

diagnosed when the organism reaches 

sporulation in the digestive gland of Sydney 

rock oysters, thereby creating massive 

digestive gland lysis, necrosis and 

subsequent starvation and death of the 

 
Figure 4-2. Digestive gland, Sydney rock oysters.  There are numerous digestive gland epithelial cells with large pale 
vacuolated cytoplasm and a loosely stained single nuclei. Within many of these cells, there are numerous  various protozoal 
life cycle stages, including daughter cells (small 5-10 µm oval cells with blue cytoplasm), daughter cells containing secondary 
cells (larger 10-15 µm containing one or more plasmodia), immature sporonts and mature sporonts (containing numerous 
blue refractile bodies and two spores), admixed with cellular debris and ruptured nurse cells (sporangiosori)   Photo courtesy 
of:  Elizabeth Macarthur Agricultural Institute, Woodbridge Road, Menangle NSW 2568 Australia, 
https://www.dpi.nsw.gov.au/about-us/services/laboratory-services 

https://www.dpi.nsw.gov.au/about-us/services/laboratory-services
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oyster.6 Infected farms usually discover 

empty shell (dead oysters), with diseased 

oysters having pale, swollen digestive glands 

on gross examination. Individuals may also 

have depleted glycogen storage and gonad, 

with an overall watery appearance.6  

 

Since M. sydneyi is present and endemic in a 

number of waterways in NSW, the diagnosis 

of disease requires the detection of 

sporulating forms, therefore digestive gland 

smear and histology is required to form a 

diagnosis. The detection of DNA alone by 

PCR is not a confirmatory test for the 

presence of disease. Digestive gland smears, 

stained with Diff Quick, are a relatively cost 

effective, fast and reliable diagnosis method, 

when compared with PCR or histopathology. 

In a study involving eighty oysters, results 

indicated cytology of digestive gland 

impression smears (96.88%) had a greater 

sensitivity of detecting QX disease than 

histology (86.11%).2 

 

Contributing Institution:  
https://www.dpi.nsw.gov.au/about-

us/services/laboratory-services 

  

JPC Diagnosis: 

Impression smear, digestive gland:  

Epithelial cell degeneration with numerous 

intracellular sporonts consistent with 

Marteilia sp 

 

JPC Comment:   
Disease has been the predominant controlling 

factor in oyster population dynamics since 

the development of oyster farming.  Based 

almost entirely upon only five species, global 

oyster production typically occurs in 

monocultures inherently vulnerable to 

disease epizootics. Other than OsHV1 in 

Pacific oysters, the majority of oyster 

diseases are caused by protozoan parasites, 

including both QX disease and Winter 

Mortality Syndrome in Sydney rock oysters 

(Saccostrea glomerata).6 

 

Sydney rock oyster farming is the fourth 

largest oyster aquaculture industry in the 

world and is New South Wales’ largest 

aquaculture industry.  However, production 

has declined over 40% since the 1970s, 

primarily due to the two aforementioned 

diseases.  This trend has continued, with 3843 

tons of edible oysters harvested in 2010-

2011, 22% less ($4.7 million) than the 

previous year. 

 

QX (for Queensland Unknown) disease, also 

known as marteilosis, is the most serious of 

the two diseases with mortality rates reported 

to be ≥95% in some outbreaks.1,6  Outbreaks 

of QX disease caused by Marteilia sydneyi 

were first identified in the late 1970’s and 

described by Perkins and Wolf in 1976.6  

 

The earliest infectious stage of M. sydneyi 

that can be identified in oysters is a 

uninucleate stem cell discovered in the palps 

and gill epithelia of rock oysters (Saccostrea 

glomerata), suggesting infection results from 

a “free floating” parasitic stage entering the 

gills during filter feeding followed by 

proliferation in the gill epithelium. Once 

sufficient numbers of stem cells are 

generated, they penetrate the basal mem-

brane, enter connective tissue, and 

disseminate throughout the oyster with the 

majority found in the digestive gland within 

the digestive tubule epithelium.  Replication 

continues within the digestive gland, forming 

a 2-celled plasmodium that further divides to 

form between 8 and 16 sporonts.  Sporonts 

undergo additional internal division to form 

two spores, each with three concentric cells.  

These spores are then shed into the 

environment via the alimentary canal prior to 

the death of the oyster.6   

  

https://www.dpi.nsw.gov.au/about-us/services/laboratory-services
https://www.dpi.nsw.gov.au/about-us/services/laboratory-services
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The lifecycle of M. sydneyi once shed from 

infected oysters is unclear.  Spores are 

relatively short-lived outside the oyster host 

(7-35 days) compared to the 3-10 month 

infection cycle of the pathogen within the 

host, supporting the theory of an intermediate 

host in the lifecycle of M. sydneyi.6 As noted 

by the contributor, previously unidentified 

and different morphologic stages of M. 

sydneyi have recenly been identified within 

Nephtys australiensis, one of many 

polychaete nematodes found within the 

sediment near oyster leases. Although 

additional study is needed, it is possible the 

rock oyster and N. australiensis are the only 

two hosts required for the life cycle of this 

parasite.1           

 

Winter Mortality Syndrome, the second 

major protozoan disease of Sydney rock 

oysters is caused by Bonamia roughleyi.  As 

its name suggests, this disease predominantly 

occurs during the cooler months from June to 

August and is restricted to the cooler southern 

range of rock oysters.  Mortality rates of up 

to 80% are common in affected areas and 

oysters are most susceptible in their third 

winter, just prior to reaching market size.6  
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WSC 20212022 Selfassessment 

Conference 10  

1.  Which of the following organs is lacking in the teeth of anurans? 

a. Enamel 

b. Odontoblasts 

c. Dentin 

d. Cementum 

 

2. Which of the following enzyme systems are most affected by lead toxicosis? 

a. Heme production 

b. Clotting factor production 

c. Bilirubin breakdown 

d. Interferon production 

 

3.  In fish, the swim bladder develops as a diverticulum of which of the following? 

a. Ear 

b. Esophagus 

c. Pharynx 

d. Stomach 

 

4. Salmonids have two chambers to their swim bladder.  True or false? 

a. True 

b. False 

 

5. QX disease in Sydney rock oysters is caused by a? 

a. Virus 

b. Bacterium 

c. Fungus 

d. Protozoan 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 20192020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I:   
 
Signalment:  
2-week-old chicken (Gallus gallus) 
 
History:  
A 2-week-old specific pathogen free chicken 
was subcutaneously inoculated with infec-
tious bursal disease (IBD) virus which is 
classified as a very virulent virus. The present 
case exhibited ruffled feathers on day 3 
postinoculation. The bird showed severe 
depression and was found dead on day 4 
postinoculation. 
 
Gross Pathology:  
The bursa of Fabricius (BF) was hemorrhagic 
and slightly enlarged. The muscle of both 
legs exhibited focal hemorrhages. The 
hemorrhage was also found at the papillae of 
the mucus membrane of the proventriculus. 
The thymus was yellowish, and was severely 
atrophied. The kidney was pale.  
 
Laboratory Results: 
No laboratory findings reported. 
 
Microscopic Description:  
There was a severe depletion of lymphocytes 
in the bursa (karyorrhexis), remaining 
follicular epithelial cells, and foamy 
macrophages. Severe hemorrhage and many 
fibrin thrombi were observed in the 

interstitium. Bacterial colonies observed in 
the section were considered to have occurred 
secondary or postmortem. Viral antigens 
were detected in cells of the lymphoid 
follicles and interstitium by immuno-
histochemistry. 
 
Contributor’s Morphologic Diagnoses:  
Bursa of Fabricius: Diffuse lymphoid 
necrosis with macrophage infiltration, 
hemorrhage, fibrin thrombi. (experimental 
case of IBD) 
 
Contributor’s Comment: 
IBD is a highly contagious viral disease of 
chickens.5,12 IBD, also known as Gumboro 
disease, is caused by IBD virus of the family 

 
Figure 1-1. Bursa of Fabricius, chicken. The bursa of 
Fabricius (BF) is hemorrhagic and slightly enlarged. (Photo 
courtesy of: National Institute of Animal Health, National 
Agriculture and Food Research Organization (NARO), 3-1-
5Kannondai, Tsukuba, Ibaraki 3050856, Japan, 
http://www.naro.affrc.go.jp//english/niah/index.html)  

 

http://www.naro.affrc.go.jp/english/niah/index.html
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Birnaviridae.5,12 The genome of IBD virus 
consists of two segments (A and B) of 
double-stranded RNA.5,12 The genome 
encodes 5 viral polypeptides (VP1-5) .5 The 
large segment A encodes VP2-5; the smaller 
segment B encodes VP1.5 VP2 and VP3 are 
the major structural proteins of the virion.5 
VP2 is credited with eliciting protective 
immunity in birds.5  
 
Two serotypes of IBD virus are 
recognized.5,12 The IBD viruses of serotype 1 
are pathogenic for chickens. The serotype 2 
viruses are nonpathogenic. The IBD viruses 
of serotype 1 are generally classified as 
classical virulent virus, very virulent virus, 
and antigenically variant virus. The very 
virulent virus was first identified during the 
1980s, and has been detected in many 
countries.11 Some phylogenetic analyses 
performed on very virulent viruses showed 
that they constitute a specific cluster in the 
phylogenetic tree.11,12,13  

 
The infection of classical virulent viruses is 
mild or subclinical. However, the impaired 
growth and immunosuppression as the result 
of infection can result in the secondary 

infection and vaccination failure. The very 
virulent viruses have the ability to cause high 
mortality rate in affected flocks (i.e. 50-60% 
mortality in laying hens). The principal 
macroscopic lesions in chickens exhibiting 
clinical signs are the edematous swelling, 
discoloration, and hemorrhage of the bursa.5 
Hemorrhages in the pectoral muscles and 
thigh muscles can be observed frequent-
ly.5,11,12 This may be caused by a coagulation 
disorder during the infection.6 
 
Young immature chickens with active 
lymphocyte development are very sus-
ceptible to IBD. Under natural conditions, the 
infection appears to be via the oral route.5 
From the gastrointestinal tract, the virus is 
transported to other tissues by phagocytic 
cells, most likely macrophages.5 The bursa of 
Fabricius is the most susceptible organ.5 IBD 
virus infection occurs in B lymphocytes in 
the immature stage with immunoglobulin M 
expressed on the cell surface, leading to the 
cytolytic destruction of infected cells.2 Viral 
antigens can be detected by immuno-
histochemistry in affected lymphoid foll-
icles.5,9 Some studies indicated that 
macrophages can be infected with IBD 
virus.3,4 Although T lymphocytes are 
considered resistant to infection, the  

 
Figure 1-2. Skeletal muscle, chicken. There is multifocal 
hemorrhage within the skeletal muscles of the legs. (Photo 
courtesy of: National Institute of Animal Health, National 
Agriculture and Food Research Organization (NARO), 3-1-
5Kannondai, Tsukuba, Ibaraki 3050856, Japan, 
 http://www.naro.affrc.go.jp/english/niah/index.html)  

 
Figure 1-3. Bursa of Fabricius, chicken. Section of the 
bursa and adjacent rectum are submitted for 
examination. The bursa is shrunken and atrophic, with 
marked lymphocyte depletion. (HE, 7X)  

http://www.naro.affrc.go.jp/english/niah/index.html
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infiltrating T lymphocytes in the lesions may 
be involved in the pathogenesis.2,5 The 
pathological lesions can be observed in other 
lymphoid organs including the thymus, 
spleen, cecal tonsil, and bone marrow.9 
Thymic atrophy may be associated with 
extensive apoptosis of thymocytes during the 
acute phase of virus infection.8 
 
Vaccination is popular for protection against 
IBD.12 Some live vaccine strains can cause 
mild to severe lesions to the BF, which may 
provoke immunosuppression and secondary 
disease.12 
 
Contributing Institution:  
National Institute of Animal Health,  
National Agriculture and Food Research 
Organization (NARO) 
3-1-5Kannondai, Tsukuba, Ibaraki 3050856, 
Japan 
http://www.naro.affrc.go.jp/english/niah/ind
ex.html  
 
JPC Diagnosis: 
Bursa of Fabricius: Lymphoid depletion, 
follicular, diffuse, severe, with lympho-
cytolysis and hemorrhage. 

JPC Comment:  
First reported in Gumboro, Delaware in 
1962, infectious bursal disease virus (IBDV) 
is a widespread pathogen of worldwide 
economic relevance. As described by the 
contributor, IBDV has historically been 
differentiated into two antigenic groups, 
serotypes 1 and 2, with serotype 1 strains 
further differentiated into classic and variant 
subtypes such as the very virulent strain.7,11 
However, significant genotypic and patho-
typic variability exists amongst subtypes as 
the result of frequent mutations and 
recombination events.7 Consequently, a new 
genogroup classification scheme based on the 
hypervariable region of the outer capsid 
protein VP2 (hvVP2) gene has been 
proposed, with seven genogroups (G1-G7) 
identified. The classic, variant, and very 
virulent strains comprise G1, G2, and G3, 
respectively.7,11 Strains G4-G7 are composed 
of a fourth “distinct” strain (G4), a proposed 
group of recombinant Mexican strains (G5), 
and divergent strains predominantly ident-
ified in Italy (G6) and Australia (G7).11 G4 is 
composed of several highly divergent strains 
reported in North and South America, Asia, 
and Europe with a unique genetic profile that 
cause subclinical infection with  

 
Figure 1-4. Bursa of Fabricius, chicken. There is total loss of lymphocytes within the bursal follicles, and the follicles are 
replaced with abundant cellular debris and debris laden macrophages. There is multifocal vacuolar degeneration of overlying 
bursal epithelium. (HE, 279X) 

http://www.naro.affrc.go.jp/english/niah/index.html
http://www.naro.affrc.go.jp/english/niah/index.html
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bursal atrophy and immunosuppression. 
Information in regard to the genetic 
characteristics of the “distinct” strains of  
IBDV have historically garnered little 
attention due to lack of specific clinical signs 
but have recently come under increased 
scrutiny as the result of their prevalence and 
potentially significant economic impact, 
particularly in South America.11 

 
As noted by the contributor, the virus 
predominately replicates in IgM-positive B 
lymphocytes, particularly in the bursa of 
Fabricius, in addition to other lymphoid 
tissues. The virus causes infected B 
lymphocytes and adjacent antigen-negative 
cells to both undergo apoptosis, leading to B 
cell depletion in the bursa. This process 
appears to be highly regulated as apoptosis is 
inhibited by VP5 early in the viral replication 
cycle, yet VP5 and VP2 induce apoptosis 
near the end of the replication cycle.1 This 
phenomenon has also been reported to occur 
following the administration of vaccines 
containing live IBDV, with bursal damage 
occurring 7 to 35 days post vaccination 
depending on the strain. Notably, the onset of 
these lesions correlates with the initiation of 

antibody production. Risk of vaccine induced 
immunosuppression is a concern, particularly 
in regard to the potential for degraded 
humoral responses for other commonly 
vaccinated diseases, such as Newcastle 
disease. Conflicting information has been 
reported in regard to suppression the humoral 
response to other vaccinations when co-
administered with IBDV, with results 
ranging from no effect on antibody titers 
despite lesion development in the bursa to 
significantly decreased antibody levels for 
three antigens, including Newcastle disease.1  
 
The moderator discussed differentials for 
bursal atrophy or necrosis, which include 
chicken anemia virus, chronic Marek's 
disease, and Newcastle disease virus.  
 
References:  
1. Gimeno IM, Schat KA. Virus-Induced 

Immunosuppression in Chickens. Avian 
Dis. 2018;62(3):272-285. 

2. Hirai K, Calnek BW. In vitro replication 
of infectious bursal disease virus in 
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3. Inoue M, Yamamoto H, Matuo K, et al. 
Susceptibility of chicken monocytic cell 
lines to infectious bursal disease virus. J 
Vet Med Sci. 1992; 54:575–577. 

4. Khatri M, Palmquist JM, Cha RM, et al. 
Infection and activation of bursal 
macrophages by virulent infectious 
bursal disease virus. Virus Res. 2005; 
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Figure 1-5. Bursa of Fabricius, chicken. Follicular 
remnants and the interstitium contain abundant 
birnaviral antigen. (Photo courtesy of: National 
Institute of Animal Health, National Agriculture and 
Food Research Organization (NARO), 3-1-5Kannondai, 
Tsukuba, Ibaraki 3050856, Japan,  
http://www.naro.affrc.go.jp/english/niah/index.html) 
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CASE II:   
 
Signalment:  
6-week-old male turkeys (Meleagris 
gallopavo) 
 
History:  
Grower facility in the Midwest with flock of 
21,696 six-week-old Nicholas commercial 

tom turkeys. Birds were sourced from a 
single source parent flock and the hens from 
which the poults originated were in their 5th 
week of lay. Grower had over 5-year history 
of No Antibiotics EverTM (NAE), however 
had recently switched to conventional 
production. The birds were started on 
lasalocid (coccidiostat), did well through the 
brooder (first 4 weeks) and adjusted well to 
the finisher, typically a stressful transition. 
The birds were vaccinated against hemor-
rhagic enteritis at approximately 17 days and 
boosted at 27 days of age. The birds became 
severely depressed with ruffled feathers and 
overt signs of discomfort. Water 
consumption was diminished and the birds 
exhibited moderate flushing (diarrhea). The 
grower did not report any respiratory signs. 
Mortalities increased from 3-5/day to 60-70 
birds expiring daily. The grower was advised 
to revaccinate for hemorrhagic enteritis and 
start amprolium. The consulting poultry 
veterinarian was summoned to the site and 
necropsied multiple birds. 
 
Gross Pathology:  
The intestinal tracts were distended, dark 
purple and filled with hemorrhagic contents 
and the intestinal mucosa was covered by a 
diphtheritic membrane. The spleens were 
enlarged with pale white mottling. 

 
Figure 2-1. Cecum, intestine, spleen, turkey. The spleen 
(right) is markedly enlarged and there is loss of the 
splenic architecture. (HE, 6X) 
 



6 
 

 

Laboratory Results: 
Anaerobic Culture, Intestine: Clostridium 
perfringens, heavy growth 
Aerobic Culture, Intestine: Salmonella sp. 
serotype infantis  
Fecal Float: Eimeria, few 
 
Microscopic Description: 
Small intestine: In one section, villar 
architecture is obscured by hemorrhage 
diffusely expanding the lamina propria. 
Other tissue sections depict simultaneous 
coagulative necrosis of villar tips with 
retention of villar outlines or partial to 
transmural mucosal ulcerative necrosis 
occasionally reaching the submucosa, mixed 
inflammatory reaction primarily lympho-
histiocytic and heterophilic, intranuclear 
inclusions in the infiltrating lympho-
histiocytic cells and gram-positive rods 
colonizing the villus tips and areas of 
necrosis. There is widespread villous 
epithelial necrosis and sloughing into the 
lumina with villous atrophy, laminal proprial 
collapse, hemorrhage and fibrinous exudate 
admixed with myriad protozoal oocysts 
(Eimeria sp.) Oocysts have a thick wall and 
centrally located nucleus. 
 
Ceca: Villar tips are lined by swollen or 
exfoliating pyknotic nuclei with attendant 
hemorrhage, fibrinous exudation, widespread 

necrotic destruction, and effacement of cecal 
tonsillar architecture by histiocytic infiltrate. 
Lymphohistiocytic cells in the laminal 
propria contain intranuclear inclusion bodies 
marginating nuclear chromatin. There is 
concomitant intense intra-epithelial para-
sitization by the various developmental 
stages of Eimeria sp. eliciting widespread 
destruction of villous and cryptal architecture 
with surface epithelial necrosis, erosion, 
ulceration and fibrin exudation, squamous 
metaplasia of regenerative surface epithel-
ium, mucosal collapse, and infiltration of the 
lamina propria by myriad heterophils. There 
is bacterial invasion and colonization of 
surface epithelium. 
  
Spleen: There is widespread tissue pallor 
associated with necrosis and involution of 
white pulp and massive histiocytic infiltrate 
emanating from the sheathed arteries. 
Reticuloendothelial cells and infiltrating 
histiocytes contain large amphophilic to 
basophilic intranuclear inclusions with 
attendant chromatin margination charac-
teristic for adenovirus and there are myriad 
tingible body macrophages imparting a 
“starry sky” appearance. 
 
Contributor’s Morphologic Diagnoses:  
1. Spleen: Severe diffuse histiocytic splenitis 
with lymphoid depletion and intrahistiocytic 
intranuclear inclusions. 
 
2. Small intestine/Cecum: Severe 
hemorrhagic and necrotizing enterotyphlitis 
with intra-lymphohistiocytic intranuclear in-
clusions, intraepithelial protozoa, and intra-
lesional bacteria. 
 
Contributor’s Comment: 
Adenoviral infection with attendant transient 
immunosuppression facilitating oppor-
tunistic bacterial and protozoal colonization 
underlies the constellation of macroscopic 
and histologic lesions and disease trajectory 

 
Figure 2-2. Spleen, turkey. Numerous macrophages 
contain cellular debris within their cytoplasm, creating 
a “starry sky” appearance. (HE, 250X) 
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in these birds. Adenoviral intranuclear 
inclusions visualized in lymphomononuclear 
cells in the intestinal and splenic tissues are 
characteristic for hemorrhagic enteritis (HE) 
of turkeys.  
 
Hemorrhagic enteritis was first observed in 
1936 in Minnesota turkeys ranging from 7-12 
weeks of age and was described by Pomeroy  
and Fenstermacher.1 Although the birds were 
well-nourished and in good flesh, clinically 
affected birds were depressed with ruffled 
feathers and had watery discharge emanating 
from the vent.1 The entirety of the intestinal 
tract was visibly distended with mucosal 
congestion and serosanguineous intestinal 
contents, however microscopic lesions were 
most striking in the duodenum.1 The 
principal early lesion involved erythrocytes 
and round cells infiltrating and thickening the 
lamina propria with the lesion progressing to 
exfoliation of villous epithelium and finally 
erosion and collapse of villous architecture.1 
Later, the causative agent underlying HE in 
turkeys and marble spleen disease (MSD) of 
pheasants and avian adenovirus spleno-

megaly (AASV) of broiler breeders was 
attributed to adenoviral infection.2 HE of 
turkeys is associated with depression, 
splenomegaly, gastrointestinal hemorrhage, 
immunosuppression and death while MSD is 
primarily associated with respiratory disease 
in captive-raised pheasants.2 

 

Utilization of adenoviruses as vectors for 
delivery of genes in vaccines and gene 
therapy prompted sequencing of the complete 
viral genome of the serologically indis-
tinguishable 3 viruses. All 3 viruses were 
previously assigned to the genus 
Aviadenovirus, and designated as Group 2 
aviadenoviruses.3 Genomic differences 
amongst the 3 viruses were minor although 
genomic sequence homologies indicated they 
were sufficiently different from other 
aviadenoviruses to warrant reassignment to a 
new genus Siadenovirus based upon their 
highly conserved sequential homology to the 
bacterial genes encoding for sialidase.4 

Collectively these 3 viruses have been given 
the species name, Turkey adenovirus-3 
(TAdV-3).4 HEV is a linear double-stranded  

 
Figure 2-3. Spleen, turkey. Few histiocytes demonstrate karyomegaly with large basophilic intranuclear inclusions (arrows). (HE, 
979X) 
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DNA virus that is the smallest of any 
adenovirus thus characterized (26,263 bp) 
with low G+C content (34.93%).3 The HEV  
genome contains 8 ORFs bearing no 
similarity to ORFs described for adeno-
viruses.5 Several ORFs are arranged in two 
clusters-ORF 1,2,3,4 and ORF 7,8 with at 
least 13 genes encoding for structural 
proteins including the trimeric hexon, 
pentameric penton base, and trimeric fiber 
comprising the viral capsid.5 These three 
structural proteins are produced in large 
amounts and appear to be the most antigenic.6 
Excepting minor genomic differences and 
host virulence factors, HEV and MSDV offer 
cross-protection directing vaccination strat-
egies utilizing virulent MSDV strains in 
pheasants to vaccinate turkeys and strains of 
HEV virulent in turkeys to vaccinate 
pheasants.6 Phenotypic differences in clinical 
disease and lesion severity are influenced by 
sequential variations in the ORF1, E3 and fib 
genes.7 

 

Maternal antibodies generally prevent 
infection in birds less than 6 weeks of age 
with fecal-oral/cloacal drinking the most 
likely exposure route for natural disease.8 To 
this end, prolonged environmental stability of 
viral particles in carcasses and wet fecal-
contaminated litter mandate rigorous 
cleaning, disinfection and biosecurity 
practices.8  
 
Upon oral exposure, absorbed viral particles 
target Ig-M bearing B-lymphocytes in the 
intestinal lamina propria and bursa of 
Fabricius, or enter the circulation homing 
towards the spleen, with viral replication 
targeting IgM+ B-lymphocytes and 
macrophages together with influx of CD4+ 

lymphocytes (acute infection) underlying 
white pulp hyperplasia and splenomegaly.9 

HEV replication in IgM bearing B-
lymphocytes and macrophages induces 
apoptosis and necrosis and reduced antigen 
presentation by lymphocytes and macro-
phages, offering two possible mechanistic 
explanations for HEV-induced immuno-

 
Figure 2-4. Small intestine (left), cecum (right), turkey: There is marked expansion of the lamina propria of the intestine and 
cecum by a cellular infiltrate. (HE, 46X) 
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suppression leading to diminished humoral 
immunity against opportunistic infectious 
agents and vaccine failure.10,11 During peak 
infection, elaboration of Types I and II 
interferons and pro-inflammatory cytokines, 
namely IL-6 and TNF play competing 
protective and destructive roles.10,11 
Elaboration of pro-inflammatory cytokines 
presumably modulates hemorrhagic disease 
because treatment with TNF antagonists 
prevents HEV-induced intestinal hemorrhage 
and diapedesis.10 The evolution of HEV-
induced intestinal lesions owing to increased 
duodenal mast cells in response to cytokine 
elaboration by activated T cells is 
described.12  

 
Given HEV tropism for IgM+ B-lymphocytes 
with attendant immunosuppressive effects, 
TAdV-3 infected birds are predisposed to 
secondary colibacillosis and may facilitate 
development of necrotic enteritis.13  
 
In this case, the grower added trimethoprim/ 
sulfa in the water for 7 days. The birds greatly 
improved, resuming normal water 
consumption and activity. The grower 
expressed concern about the viability of the 
initial HE vaccine. The vaccine should arrive 
frozen and stays frozen until thawed and 
mixed with a stabilizer over a 4 hour period. 
The grower indicated the 125,000 dose 
shipment and surrounding ice packs arrived 
already thawed. The vaccine was re-frozen 
and thawed again to be administered at both 
17- and 27-day vaccines suggesting vaccine 
failure and inadequate protection. 
 
Contributing Institution:  
South Dakota State University Animal 
Disease Research and Diagnostic Laboratory 
Box 2175, 1155 North Campus Drive 
Brookings, SD 57007-1396 
Telephone: (605)-688-5171  

https://www.sdstate.edu/veterinary-
biomedical-sciences/animal-disease-
research-and-diagnostic-laboratory  
  
JPC Diagnosis: 
1. Spleen: Splenitis, histiocytic, diffuse, 
severe with intranuclear viral inclusions, 
lymphoid depletion, and lymphocytolysis. 

2. Ileum and cecum: Enterotyphlitis, 
histiocytic and lymphoplasmacytic, diffuse, 
severe with intranuclear viral inclusions. 

3. Ileum and cecum: Intraepithelial 
apicomplexan schizonts, numerous with 
intraluminal oocysts.  

JPC Comment:  
The contributor provides an excellent review 
of Turkey adenovirus-3, the etiologic cause 
of hemorrhagic enteritis (HE), an eco-
nomically significant disease most common-
ly seen in turkeys greater than 4 weeks of 
age.13  
 
Although Pomeroy and Fenstermacher first 
described HE in 1937, it wasn’t until 1967 
that Gross and Moore discovered the 
etiologic agent was filterable through a 0.22 
micron filter, supporting speculation of a 
viral entity. This suspicion was confirmed in 
1974, when Carlson et al. identified adeno-
like viral particles in tissues from affected 
birds.13 
 

 
Figure 2-5. Small intestine, turkey: There are rare 
coccidian oocysts (arrow), within the lumen of the 
small intestine. (HE, 600X) 

https://www.sdstate.edu/veterinary-biomedical-sciences/animal-disease-research-and-diagnostic-laboratory
https://www.sdstate.edu/veterinary-biomedical-sciences/animal-disease-research-and-diagnostic-laboratory
https://www.sdstate.edu/veterinary-biomedical-sciences/animal-disease-research-and-diagnostic-laboratory
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Introduction of HEV to susceptible flocks 
most often occurs as the result of exposure of 
naïve turkeys to contaminated feces or litter 
material. Lacking an envelope, TAdV-3 
virons persist in the environment, retaining 
the ability to infect new hosts for up to 6 
months at 4ºC and 4 years at -20ºC. In 
addition, virons are resistant to chemical 
inactivation by quaternary ammonium 
compounds, ethyl ether, and zepharin 
chloride. However, exposure of the virus to 
high temperatures (>70ºC) for one hour or 
treatment with other agents such as 1% 
Lysol, 1% sodium lauryl sulfate, or sodium 
hypochlorite after removal of all organic 
material renders it non-infective.13  
 
Although TAdV-3’s environmental per-
sistence has been established as a source of 
subsequent infection, recent findings have 
suggested recovered birds may also serve as 
asymptomatic carriers.13 Thus production 
facilities may risk re-contamination follow-
ing post-outbreak sanitation measures if an 
affected flock is not depopulated.  
 
As described by the contributor, apoptosis 
and necrosis of infected B-lymphocytes and 
macrophages results in impairment of both 
humoral and cell mediated immunity. 
Consequently, affected birds are not only 
more susceptible to secondary infection, but 
responses to vaccination are also suppressed, 
as has been demonstrated with low antibody 
titers following vaccination for Newcastle 
disease.13  
 
Multiple entities cause similar gross splenic 
and gastrointestinal lesions in turkeys, 
including bacterial etiologies such as E. 
rhusiopathiae, P. multocida, E. coli, and Sal-
monella sp., as well as viral entities including 
Newcastle disease, avian influenza, reticulo-
endotheliosis, and lymphoproliferative 
disease. Histologically, the presence of 
adenoviral nuclear inclusions in lymphocytes 

and macrophages is diagnostic although they 
may not always be present. Additional diag-
nostics tests include agar gel immuno-
diffusion, antigen-capture ELISA, immuno-
histochemical staining, and immuno-
fluorescence or immunoperoxidase methods. 
In addition, quantitative real-time PCR is a 
highly specific and sensitive method that can 
be particularly useful in outbreak scenarios as 
large numbers of samples can be processed in 
less time than when using conventional 
methods.13 

 
Conference participants noted significant 
variation between slides in regard to the 
number of intraepithelial apicomplexans and 
intraluminal oocysts present within tissue 
sections.  
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CASE III:  
 
Signalment:  
Juvenile male Western crow (Corvus 
brachyrhynchos hesperis) 
 
History:  
This case is one in a series of juvenile crows 
that were part of a large mortality event at the 
San Diego Zoo Safari Park in the first few 
weeks of August, 2020. Most crows were 
found deceased on park grounds and 
submitted for necropsy. 
 
Gross Pathology:  
A juvenile male crow was presented for 
necropsy. The skin and subcutis were tacky 
and dry (dehydration). There were minimal to 
no fat stores, and the pectoral muscles were 
depressed below the keel (poor body 
condition). The intestine was segmentally 
dark purple to green and the ceca were 
bilaterally plump. The spleen was prominent 
and dark red. 
 
Laboratory Results: 
PCR (Frozen intestine and spleen from select 
cases): Approximately 50% of samples were 
positive for orthoreovirus using conventional 
PCR targeting the L2-genome segment 
encoding the RNA-dependent RNA-poly-
merase. 
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Microscopic Description:  
The slide contains two sections of small 
intestine, one section of large intestine, and 
one or two sections of spleen.  
 
Intestine: All sections of intestine are 
similarly affected by segmental to circum-
ferential necrosis, characterized by deep 
ulceration and loss of the mucosa, lamina 
propria, and submucosa with replacement by 
abundant, fibrillar eosinophilic material 
(fibrin), erythrocytes (hemorrhage), and 
fragmented cellular and nuclear debris 
admixed with large colonies of bacilli. In less 
affected segments, necrotic material forms a 
thick, intermittent pseudomembrane adherent 
to the remnant mucosal surface, and in more 
severely affected sections fibrinonecrotic 
debris fills the entire lumen. Crypts are 
dilated, distorted, and variably separated, and 
frequently contain clumps of necrotic cells 
and pale eosinophilic, flocculent debris. 
Occasionally, crypts contain small to 
moderate numbers of luminal and rarely 
intracellular spirochetes. Crypt epithelium 
ranges from piled and hypertrophic to 

flattened and attenuated. The intervening 
lamina propria is expanded by abundant 
erythrocytes, heterophils, histiocytes, and 
aggregates of fibrin, and lymphoid tissues are 
expanded by clear space and karyorrhectic 
debris (edema and lymphocytolysis, respect-
ively). Lymphocytes, plasma cells, fewer 
granulocytes, and erythrocytes dissect within 
the muscular wall along mural vessels and 
multifocally extend to the serosa and adjacent 
mesentery, which is disrupted by aggregates 
of intact and degenerate leukocytes.  
  
Spleen: The spleen is multifocally disrupted 
by foci of fibrillar, pale eosinophilic material 
(fibrin), erythrocytes, and smudged to 
stippled cellular and karyorrhectic debris 
(necrosis). Foci are variably associated with 
aggregates of foamy histiocytes, many of 
which contain intracytoplasmic, coarsely-
granular, golden-brown, birefringent pig-
ment (suspect hemozoin). There are abundant 
shrunken cells with fragmented and pyknotic 
nuclei throughout all sections (lympho-
cytolysis). 
 
Contributor’s Morphologic Diagnoses:  
1. Small intestine, colon, ceca: Severe, 
multifocal to segmental, acute, fibrino-

 
Figure 3-2. Intestine, colon, spleen, crow. Multiple 
sections of intestine (top), one section of colon (lower 
left), and two section of spleen (lower right) are 
submitted for examination. At subgross magnification, 
there is transmural loss of normal architecture of the 
intestinal and colonic mucosa. (HE, 5X) 
 
 

 
Figure 3-1. Intestine, crow. The intestine and ceca are 
deep purple and diffusely necrohemorrhagic. (Photo 
courtesy of: San Diego Zoo Wildlife Alliance Disease 
Investigations, P.O. Box 120551, San Diego, CA 92112-
0551, https://science.sandiegozoo.org/disease-
investigations) 
 
 

https://science.sandiegozoo.org/disease-investigations
https://science.sandiegozoo.org/disease-investigations
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necrotizing, hemorrhagic, and heterophilic 
enterotyphlocolitis 
  
2. Spleen: Moderate multifocal acute 
fibrinonecrotizing splenitis with mild 
birefringent pigment deposition (hemozoin, 
presumptive) 
 
Contributor’s Comment: 
A large number of crows were submitted to 
Disease Investigations at the San Diego Zoo 
over a one month period through August of 
2020, all of which were juveniles found dead 
or moribund. Consistent lesions included 
severe necrohemorrhagic enterotyphlocolitis, 
fibrinonecrotizing splenitis, and poor body 
condition. Additional, less consistent lesions 
(not submitted) included depletion of 
lymphocytes in the bursa of Fabricius, mye-
loid hyperplasia in the bone marrow, and 
acute renal tubular degeneration and necrosis 
(possibly dehydration-related). The findings 
are consistent with those attributed to avian 
orthoreovirus, which has been reported in 
American corvids as early as 2001 and was 

more recently described in a retrospective 
review of crow mortalities in New York.2 
Classically, outbreaks of the virus in crows 
have occurred during winter months, lending 
it the name “winter mortality of crows”.2 This 
particular event was unusual in that it 
occurred in late summer, however it appeared 
to be associated with large numbers of 
gathered crows based on subjective 
observation, which is a known prerequisite 
for epizootics.2 Secondary bacterial infect-
ions (especially bacterial enteritis) and sepsis 
were common sequelae in many crows, and 
some cases had coinfections with hemo-
parasites, Aspergillus sp., and avian 
poxvirus. 
  
Avian reoviruses are non-enveloped, double-
stranded RNA viruses that are common in 
commercial poultry, where disease is 
typically manifested as tenosynovitis.1,4 The 
virus has been classified into six genotype 
clusters based on the sigma C protein 
sequence, which demonstrates the greatest 
variability between viral isolates.1 Thus far, 

 
Figure 3-3. Intestine, crow. There is diffuse necrosis of intestinal villi, with a thick covering of fibrin, hemorrhage, and abundant 
cellular debris overlying the ulcerated mucosa. (HE, 54X) 

https://paperpile.com/c/rIfdDk/2UwO+Y3W9
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viral pathogenicity and induced disease has 
not been linked to a particular genotype.4 
There have been several case reports of 
various corvid species with a novel avian 
orthoreovirus-associated presentation char-
acterized (predominantly) by necrotizing 
enteritis and splenitis, including a magpie in 
Great Britain, a hooded crow in Finland, and 
American crows in North America.2,5 In the 
2019 review by Forzan et al., the authors 
developed an in situ hybridization probe that 
was able to demonstrate for the first time 
direct viral association with the intestinal and 
splenic lesions in affected crows, strongly 
supporting causality. Notably, a wide variety 
of wild birds across multiple orders have also 
been reported with orthoreovirus-associated 
disease, including anseriformes, psittacines, 
and columbiformes, among others. 
Documentation of these cases is lacking, 
however the most consistently identified 
histopathologic lesion in these species is a 
necrotizing hepatitis.3  
  
The examined case provides an example of 
the lesions of avian orthoreovirus in crows 

and cautions that orthoreovirus should be 
considered a differential in sudden outbreaks 
of high mortality in corvids with evidence of 
enteritis and splenitis, regardless of season. 
 
Contributing Institution:  
San Diego Zoo Wildlife Alliance 
Disease Investigations 
P.O. Box 120551 
San Diego, CA 92112-0551 
https://science.sandiegozoo.org/disease-
investigations  
 
JPC Diagnosis: 
1. Small and large intestine: Enterocolitis, 
fibrinonecrotizing, hemorrhagic, 
circumferential, diffuse, severe with crypt 
and glandular loss. 
 
2. Spleen: Splenitis, necrotizing, multifocal, 
mild to moderate, with lymphoid depletion. 
 
3. Spleen, macrophages: Hemozoin pigment, 
moderate. 
 

 
Figure 3-4. Intestine, crow. The lamina propria is markedly expanded by hemorrhage, fibrin, edema, numerous viable and necrotic 
heterophils, macrophages and lymphocytes. A crypt abscess is at bottom center.  (HE, 173X) 

https://paperpile.com/c/rIfdDk/suOk+7MRg
https://science.sandiegozoo.org/disease-investigations
https://science.sandiegozoo.org/disease-investigations
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4. Adipose tissue, mesenteric: Atrophy, 
diffuse, marked. 
 
JPC Comment:  
The contributor provides an excellent 
introduction to a viral disease of American 
corvids colloquially known as “winter 
mortality of crows”. This entity was initially 
detected through the New York State 
Wildlife Health Program (NYS WHP) during 
a period of increased surveillance efforts as a 
result of West Nile virus. Viral entities such 
as a rotavirus or paramyxovirus had 
previously been suggested to be the cause, 
however, in-situ hybridization (ISH) 
confirmed an orthoreovirus in 2019. In 
addition, crows were 32 times more likely 
develop the typical lesions of necrotizing 
enteritis, typhlocolitis, and fibrous splenic 
necrosis when the virus was present.2 

 

During a two year period (2016-2017), 
approximately 20% of crow carcasses 
examined by the NYS WHP were attributed 
to reovirosis, which accounted for 70% of all 
recorded deaths during the winter months, 

almost exclusively during December and 
January. Possible explanations for season-
ality include immunosuppression due to 
harsh climate and increased exposure as the 
result of overcrowding situations during 
winter roosting.2  
 
Orthoreovirus is one of nine genera under the 
Spinareovirinae subfamily within family 
Reoviridae. Other notable Reoviridae genera 
include Orbivirus (bluetongue and African 
horse sickness viruses) and Rotavirus.6 
Members of the Reoviridae family are double 
stranded RNA viruses composed of isometric 
virons measuring 60-80 nm in diameter with 
an inner protein coat and one or two distinct 
icosahedral capsids.7 All replicate within the 
host cell cytoplasm, producing characteristic 
paracrystalline arrays of progeny virions. Vi- 
rons initially attach to the cell via sialic acid 
receptors on the cell membrane and 
subsequently undergo receptor-mediated 
endocytosis via engulfment and internal-
ization of clathrin-coated pits. These newly 
formed vacuoles then fuse with lysosomes, 
resulting in the partial digestion of the 

 
Figure 3-5. Spleen, crow. There is marked splenic lymphoid depletion. There are multiple areas of necrosis (arrows). The dark 
pigment within macrophages is birefringent (hemozoin). (HE,255X)  
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virion’s outer shell. Disruption of the outer 
shell subsequently initiates significant 
changes in the supramolecular structure of 
remaining viral components and also 
activates the transcriptase, resulting in the 
transcription of mRNA using released 
subviral particles in the cytoplasm.7 

 

The intracytoplasmic, golden-brown, bire-
fringent pigment within splenic macrophages 
is predominantly negative when stained with 
Perls' Prussian blue (iron), which is 
consistent with hemozoin. The moderator 
discussed the genesis of this pigment and its 
association with Plasmodium and Haemo-
proteus spp. Parasites in the family 
Plasmodidae consume up to 80% of an 
erythrocyte's hemoglobin and subsequently 
produce a toxic pro-oxidant intermediate, α-
hematin. The parasite then converts α-
hematin to insoluable and inert β-hematin 
crystals (hemozoin) in a process known as 
biocrystallization. Similar pigment asso-
ciated with blood feeding nematodes is also 
commonly referred to as "hemozoin" 
although the crystalline structure differs.   
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CASE IV:  
 
Signalment:  
A young wild mute swan (Cygnus olor) 
 
History:  
This young mute swan was found dead at the 
edge of a large pond at a zoological garden. 
No other history provided. 
 
Gross Pathology:  
The bird weighed 1.7 kg and there was almost 
zero visceral or subcutaneous fat reserves. As 
this was a young animal (within the first few 
months of life) neither the pectoral muscles 
nor feathers were fully developed for flying. 
The proventriculus was slightly enlarged. On 
cross-section the proventricular mucosa was 
thickened and the lumen was narrowed and 
empty except for a moderate amount of 
cloudy whitish mucoid fluid. Within the 
proximal proventriculus, at the esophageal-
proventricular junction there were multiple, 
approximately 1 cm diameter, firm, nodular 
lesions within the mucosa. These nodules 
were distributed in a circumferential pattern.  
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There were a few similar lesions in the distal 
proventriculus. On cut-surface some of these 
lesions extended transmurally. Others were 
shallower and affected only the mucosa and 
submucosa. All the lesions had a central core 
which was gritty and pale-grey to white.  
 
Laboratory Results: 
Aeromonas hydrophila and A. caviae were 
isolated from the lungs.  
Eggs recovered from the feces were 
consistent with Echinuria uncinata. 
 
Microscopic Description: 
Proventriculus: The mucosa of the 
proventriculus is disrupted and replaced by 
large numbers of inflammatory cells which 
consist mostly of viable and degenerate 
heterophils, with lesser numbers of 
lymphocytes and macrophages, as well as 
cellular debris, fibrin and hemorrhage. There 
is almost complete loss of mucosal glands. 
This inflammatory debris extends into and 
partially occludes the proventricular lumen. 
Multifocally within the mucosal zone there 
are numerous sections of parasitic worms 
(nematodes) and eggs. These worms are 
surrounded by abundant mixed inflammatory 
cells, fibrosis, cellular debris, hemorrhage 

and fibrin. The worms are approximately 
250-400µm wide with a 5µm thick cuticle. 
The cuticle is thickened at regular intervals 
by many prominent longitudinal ridges. The 
worms have coelomyarian musculature, a 
pseudocoelom, and a digestive tract lined by 
columnar epithelium. The majority of worms 
within the sections are females and contain 
myriad eggs. Eggs are oval (sometimes with 
blunt ends), thick-shelled and most are 
embryonated. Eggs measure approximately 
38µm in length and 18µm in width. Eggs are 
present both within the nematodes and also 
scattered extra-corporeally, mixed amongst 
the inflammatory debris. Underlying the 
mucosa, the normal boundary between the 
mucosal and submucosal layers is obscured 
by inflammation. Multifocally the muscle 
layers of the proventriculus are markedly 
disrupted by inflammatory cells (mostly 
heterophils). The serosa is also disrupted by 
marked numbers of heterophils.  
 
Other histological findings of note in this bird 
included marked hepatic amyloidosis and 

 
Figure 4-1. Proventriculus, swan. There are numerous 
nodules at the esophageal-proventricular junction 
(opened in this photo). (Photo courtesy of: Veterinary 
Sciences Centre, School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland, 
http://www.ucd.ie/vetmed/) 
 

 
Figure 4-2. Proventriculus, swan. Two sections of lung 
and a section of proventriculus are submitted for 
examination. There are numerous cross sections of 
adult nematodes within the proventricular wall. There 
are multiple discrete inflammatory nodules scattered 
throughout the section of lung.  
 

http://www.ucd.ie/vetmed/
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multifocal moderate heterophilic and 
lymphocytic pneumonia. 
 
Contributor’s Morphologic Diagnoses:  
Proventriculus: Severe, chronic-active, 
heterophilic ulcerative and necrotizing 
proventriculitis, with intra-lesional nema-
todes and eggs consistent with Echinuria 
uncinata. 
 
Contributor’s Comment: 
This bird was in poor body condition and it is 
likely that it died from a combination of 
factors including debilitation from reduced 
food intake due to the parasitic lesions in the 
proventriculus, the effects of liver dys-
function due to hepatic amyloidosis, and 
pneumonia.  
 
The lesions within the proventriculus are 
typical of changes seen due to heavy 
infection with Echinuria uncinata. Birds with 
significant infections are usually weak and in 
an emaciated condition with a prominent 
keel.3 They may have a reduced appetite, and 
in heavy infections the lesions in the 
proventriculus may cause reflex retching or 
choking-like signs if the affected birds 
attempt to eat. 3  

 

Birds infected with E. uncinata can have a 
grossly enlarged proventriculus due to worms 
becoming encapsulated within the mucosal 
layer.3,5 The nodules eventually become 
granulomatous,5 although for the cygnet in 
the current case, there was widespread 
destruction of normal parenchyma and 
classic granulomas were not seen. In fatal 
infections, the parasitic nodules and resultant 
inflammation can cause occlusion of the 
proventriculus preventing the passage of 
food.3 This was the likely outcome in the 
current case.  
 
E. uncinata is a nematode parasite of 
numerous species of birds3,5 and has a wide 
geographical distribution, being reported 
from India3, Europe3, North America3, South 
America5, Japan12, Hawaii11 and Austral-
asia.4 Many species of waterfowl are affected 
due to infection with this parasite, although 
the most significant clinical effects are 
reportedly seen in anatids (ducks, geese and 
swans). Approximately 14 species of 
Echinuria are recognized1 but E. uncinata 
appears to be the species that shows most 
pathogenicity with attendant clinical effects.3  
 
Species of Echinuria have a definitive 
vertebrate host and an intermediate 
invertebrate host.3 Definitive hosts for E. 
uncinata are birds, mostly waterfowl, while 
freshwater crustaceans of the genus Daphnia 
(water-fleas) act as intermediate hosts.3  
 
After ingestion of infected species of 
Daphnia by avian hosts, the third-stage 
larvae of E. uncinata are released and 
disseminate throughout the proventriculus 
where they further develop to the adult stage. 
The prepatent period is approximately 30-40 
days.3  
 
In temperate climates (as was the situation in 
this case), the numbers of larvae in 
intermediate hosts reach their highest 

 
Figure 4-3. Proventriculus, swan: Numerous cross 
sections of adult nematodes are embedded within 
abundant necrotic heterophils and cellular debris 
within the wall of the proventriculus. Nematodes have 
a cuticle, pseudocoelom, a large intestine with 
uninucleate cells, and multiple cross sections of uteri 
laden with embryonated eggs. (HE, 56X) 
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numbers in midsummer.5 In the district where 
the swan in this case was found, the total 
rainfall for the previous four months was 
reduced by 57% compared to the average 
rainfall during the same months over the 
previous five years. This resulted in a 
widespread reduction of water levels in 
rivers, lakes and ponds. In addition, air 
temperatures and hours of sunshine were 
higher for the season in which the swan was 
growing, compared to the average for the 
region, which would also have increased 
evaporation from already depleted water-
sources. The effect of this will have been 
crowding of water sources by waterfowl and 
concomitant increased fecal contamination 
and thus increased exposure to water-borne 
parasites. This has previously been reported 
for ducks infected by E. uncinata on 
Hawaiian islands11 and in Canada.3 It is 
highly likely that the combination of low 
rainfall and increased contamination of 
waterways led to this particular cygnet 
becoming infected by high numbers of the 
parasite.  
 
In addition to the proventricular lesions, this 
bird also had hepatic amyloidosis. Amy-
loidosis is reported to be a relatively common 
finding in adult swans7,8,9,10 and its incidence 
appears to increase with age.10 In a study on 
mute swans in Japan, up to 78% of adult mute 
swans examined were found to have 
amyloidosis with the liver being the organ 
most commonly affected.10 Causes of 
amyloidosis in swans include chronic 
inflammation from ‘bumblefoot’ or other 
chronic bacterial infections or parasitic 
infections.8,9,10 In contrast to previous studies 
of swans with amyloidosis, the bird in the 
current case was quite young. However, it is 
still reasonable to assume that the 
accumulation of amyloid was as a con-
sequence of the chronic inflammation in the 
proventriculus.  
 

Aeromonas hydrophila and A. caviae were 
isolated from the lungs of this swan. Both are 
opportunistic pathogens that concentrate in 
stagnant waters, and are known to infect 
water-dwelling animals such as fish and 
amphibians. Although no bacteria were 
obvious in the sections of lung examined, the 
bird did have histological lesions in the lung 
consistent with a bacterial pneumonia. 
 
Contributing Institution:  
Room 012, Veterinary Sciences Centre, 
School of Veterinary Medicine, University 
College Dublin, Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed/  

  
JPC Diagnosis:  
1. Proventriculus: Proventriculitis, hetero-
philic, chronic-active, multifocal, severe with 
glandular loss and adult male and female 
spirurid nematodes and eggs. 

2. Lung, arterioles, tunica media: 
Hypertrophy and hyperplasia, circum-
ferential, diffuse, severe. 

3. Lung: Pneumonia, heterophilic and histio-
cytic, multifocal, moderate. 

JPC Comment:  
Initially described as Spiroptera uncinatia by 
Rudolphi in 1819, this nematode’s genus was 
later transferred to Echinuria, following 
Soloviev’s addition of the genus to the family 

 
Figure 4-4. Proventriculus, swan. There is marked 
fibrosis, glandular loss, and chronic inflammation 
within the adjacent proventricular mucosa. (HE, 77X). 
 

http://www.ucd.ie/vetmed/
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Acuariidae for a nematode he described in 
1912 as Echinuria jugadornata, which was 
likely the same species.1  Hamann is credited 
with the discovery of E. uncinata’s 
intermediate crustacean hosts in genus 
Daphnia in 1893, although up to five 
additional genera have since been shown to 
support the development of third-stage 
larvae.3  
 
Echinuria are spirurids and belong to the 
superfamily Acuarioidea, which includes 28 
genera, the majority of which are avian 
parasites. All have characteristically large 
pseudolabia and cuticular structures located 
on the anterior aspect known as cordons.3 Of 
the approximately 15 species of Echinuria, 
which are predominately reported in 
waterfowl, E. uncinata is the most significant 
pathogen. Characteristic features of this 
species, as well as others within its genus, 
include recurving cordons that extend 
posteriorally from the anterior aspect, as well 
as cuticular spines that run along the length 
of the body. As demonstrated in this case, 
there is sexual dimorphism with larger 
females that are nearly twice the length of 
males, measuring 12-18 mm long compared 
to 8-10 mm, respectively.3  
 
Interestingly, there is interspecies variation 
amongst waterfowl in regard to susceptibly, 
with very low susceptibility reported in 
Northern shovelers (Ana clypeata), a species 
that frequently feeds on Daphnia species. 
The most susceptible species include 
domestic geese, mallards, gadwalls (Anas 
strepera), Northern pintails (Anas acuta), and 
common eiders (Somateria mollissima). In 
addition to Northern shovelers, American 
coots (Fulica americana), ruddy ducks 
(Oxyura jamaicensis), and the blue-winged 
teal (Anas discors) are typically resistant.3  
 
Other nematodes that may inhabit the 
proventriculus of birds include other 

spirurids such as Tetrameres spp. and 
Streptocara spp., as well as Amidostomum, a 
tricho-strongyloid. Morphologically, 
presence of characteristic cuticular spines 
that extend posteriorly from the anterior end 
is a unique feature of genus Echinuria that 
allows for differentiation from other spiruids. 
In addition, E. uncinata is most commonly 
found in the proventriculus whereas species 
of Streptocara and Amidostomum are most 
often found in the ventriculus.3 

 
Conference attendees noted multifocal 
pulmonary heterophilic granulomas addition 
to diffuse hypertrophy and hyperplasia of 
smooth muscle cells within the tunica media 
of arterioles. Although not present within the 
digital slide used for this conference, 
schistosome eggs and shell fragments are 
rarely visible within granulomas in accomp-
anying glass slides submitted with this case. 
Schistosomes are trematodes that live within 
the circulatory system and can cause 
proliferative vascular lesions and endo-
phlebitis.6 Adults predominantly live within 
the mesenteric veins or branches and their 
eggs are disseminated throughout the body. 
Anseriformes are infected by eight genera, 
including Allobilharzia, Austrobilharzia, 
Bilharziella, Dendritobilharzia, Giganto-
bilharzia, Jilinobilharzia, Macrobilharzia, 
and Trichobilharzia.6  
 

 
Figure 4-5. Lung, swan: Within the center of 
heterophilic granulomas, there are cross and tangential 
sections of schistosome eggs. (HE, 200X) 
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WSC 2021-2022 Self-assessment 

Conference 11  

1.  True or false?  All serotypes of the birnavirus that causes inclusion bursal disease are 

pathogenic. 

a. True 

b. False 

 

2. Which of the following is the normal method of transmission of infectious bursal disease? 

a. Oral 

b. Respiratory droplets 

c. Cloacal drinking 

d. Wound infection 

 

3.  After oral inoculation, hemorrhagic enteritis virus initially targets which of the following ? 

a. Enterocytes 

b. T-cells 

c. B-cells 

d. Macrophages 

 

4. Orthoreovirus infectioun in crows has been called what type of mortality? 

a. Spring 

b. Summer 

c. Autumn 

d. Winter 

 

5. The intermediate host for Echinaria sp. is a? 

a. Water flea 

b. Oligochaete 

c. Snail 

d. Copepod 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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C o n f e r e n c e 12           15 December 2021 
 

CASE I: N-697-15 (JPC 4085531)   
 
Signalment:  
10-year-old, female, Crioula, horse (Equus 
caballus) 
 
History:  
This is one horse out of a group of 15 horses 
of the same breed held together exclusively 
on a native pasture without feed supple-
mentation. Five adult horses got sick with a 
common history of neurological signs and 
progressive loss of weight – three adult 
horses and one colt died after a clinical course 
of 90 days and the surviving horse was 
euthanized for humanitarian reasons. One of 
the horses was necropsied. Clinical signs 
were characterized by progressive weight 
loss, incoordination, stiff gait, aimless 
walking, abnormal behavior, and hyper-
esthesia with locomotion difficultly when 
provoked to move. According to the owner, 
affected horses were found trapped in fences 
or in dense bushy areas. A heavy infestation 
of broomweed (Sida carpinifolia) was 
observed in the pasture where the 15 horses 
were held, mainly in shady places close to 
fences and riversides. All horses were 
vaccinated for rabies. 
 
Gross Pathology:  
Necropsy findings in the horse of this report 
included bilateral extensive lacerations of the 

skin of distal portion of hind limbs and poor 
body condition. The large colon was 
moderately distended by fecal content and 
there was moderate urinary bladder repletion. 
 
Laboratory Results: 
Fresh samples of brain and spinal cord were 
submitted to direct FAT for rabies with 
negative results. 
 
Microscopic Description: 
Histologically, neurons and astrocytes from 
telencephalic cortex, diencephalon, striate 
body, rhombencephalon, cerebellum and 
spinal cord (cervical and lumbar intum-
escences, and thoracic and sacral segments) 
contain varying degrees of swollen and fine 
vacuolated cytoplasm giving the cells a 
foamy appearance. The lesions were 
specially marked in thalamus, hippocampus, 
cerebellum and in all examined levels of the 
spinal cord. Occasionally, there were neurons 
with shrinking and hypereosinophilic cyto-
plasm (neuronal necrosis), and multifocal 
axonal spheroids. There was also moderate 
astrogliosis of the Bergmann glia which was 
highlighted by the GFAP IHC. In several 
ganglia (mesentery celiac, trigeminal and 
paraspinal) there was mild neuronal cyto-
plasmic vacuolization.  
 
Sections of cerebellum, pons, thalamus, and 
hippocampus were submitted for lectin 
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histochemistry technique with commercial 
lectins (Vector Laboratories, Burlingame, 
CA). Immunohistochemistry (IHC) to detect 
anti-glial fibrillary acidic protein (GFAP) 
was performed in adjacent sections using 
streptavidin-biotin-peroxidase complex, with 
anti-glial fibrillary acidic protein (GFAP) at 
1:500 and anti-S100 at 1:200 as primary 
antibodies. Antigens were retrieved through 
heat and reaction was revealed with 3’3-
diaminobenzindine (DAB) chromogen 
(DAKO). As negative control, a brain section 
from a normal age-matched horse was used. 
 
Contributor’s Morphologic Diagnoses:  
Neuronal vacuolar degeneration, moderate to 
severe, diffuse, chronic. 
 
Contributor’s Comment:  
The diagnosis of Sida carpinifolia poisoning 
in these cases was based on clinical, 
epidemiological, histopathological, and 
lectin histochemistry findings. 
 
Normal cellular catabolism directs a steady 
stream of endogenous complex macro-
molecules into vesicular compartments 

(lysosomes) for degradation to simple 
molecules that may be reused or excreted. 
These essentially autophagic pathways are 
the means through which a cell recycles its 
own constituents. Storage diseases occur 
when there is accumulation of macro-
molecules in a cell which has compromised 
intracellular mechanisms for digestion, 
disposal, or transport. Most storage diseases 
involve neurons and translate as neurologic 
impairment5 although other populations of 
stable or permanent cells may be affected. 
Lysosomes are the kingpins of the de-
gradation mechanism for intracellular 
digestion of macromolecules. Lysosomal 
digestion can be impaired in several ways. 
The most relevant is the deficient activity of 
a specific lysosomal hydrolase due to a 
genetic defect or to an acquired condition 
which compromises one or more of the 
lysosomal enzymes.5  
 
Acquired lysosomal diseases in domestic 
animals are usually, but not always, induced 
by the ingestion of plants containing 
swainsonine, including Swainsona spp. in 
Australia, Astragalus spp. and Oxytropis spp. 
in South and North America, China, and 
Africa,9,14,17 Ipomoea carnea subsp. 
fistulosa,2  Ipomoea sericophylla and I. 
riedelii,3 Ipomoea verbascoidea,16 Turbina 
cordata,8 and Sida carpinifolia10,11,15 in 
Brazil.  
 
S. carpinifolia (Malvaceae) is a perennial 
shrub, frequently found in humid and shady 
areas of Brazil in the southern, southeast and 
midwestern regions. It is also known by the 
synonyms S. acuta Burm., S. ulmifolia Mill., 
S. acuta var.carpinifolia (L.f.) K. Schum, and 
S. frutescens Cav. The plant is an erected 
perennial shrub 30-70 cm high. The leaves 
are alternate and short-peciolate, with an 
upper glabrous surface and a lower surface 
with sparse hair over the veins. The flowers 
are distributed singly or in small clusters and 

 
Figure 1-1. Diencephalon, horse. A section of 
diencephalon with hippocampus is submitted for 
examination.  (HE 6X) 
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are yellow with seven or eight carpels. The 
ingestion of S. carpinifolia induces an 
intracellular storage of oligosaccharides 
caused by indolizidine alkaloid (swain-
sonine),10 which causes inhibition of 
lysosomal α-mannosidase and α-
mannosidase II from Golgi complex,18 
affecting typically neurons.17 It is a chronic 
disease with clinical signs characterized by 
neurological disturbances. The toxicosis is 
also associated with abortions and 
stillbirths.10  
 
Several species of grazing livestock and 
wildlife such as goats,10 sheep, 22 cattle,11 
horses15 and fallow deer19 have been 
described to be affected by S. carpinifolia 
poisoning. 
 
Lysosomal storage diseases, both genetic and 
acquired, are uncommon in horses, but there 
are reports of inherited neuronal ceroid 
lipofuscinosis23 and acquired cases of 
poisoning by Astralagus spp. and Oxytropis 
spp. in North America and Swainsona 
canascens var horniana in Australia.14  
 
The clinical findings in ponies naturally 
poisoned by S. carpinifolia were described15 
and include stiff gait, general muscular 
tremors, colic, rolling, moans, recumbence 
and death 15-20 days after introduction into 
an area with large amounts of S. carpinifolia. 
The affected horses of this report had 
abnormal behavior with exacerbated reac-
tions and difficult locomotion after induced 
movement, incoordination, stiff gait and 
aimless walking. Affected horses were 
frequently found dead trapped in fences or in 
dense bush areas.  
 
It is possible that signs of colic in these cases 
result from neurogenic motility dysfunction 
of the large intestine due to lesion in the 
celiac ganglia and submucosal and myenteric 
plexuses. 

Abnormalities in coordination and behavior 
are caused, mainly, by chronic neuro-
degenerative lesions triggered by the toxic 
active principle of the plant, which leads to 
oligosaccharides storage in the cytoplasm of 
cells from multiple tissues.18  
 
Pathogenesis involves a deficiency of the 
lysosomal enzyme α-mannosidase, which is 
responsible for the catabolism of multiple 
glycoprotein portions; thus, it inducing the 
lysosomal storage of a wide range of 
oligosaccharides.13 The disease induced by 
the plant toxic principle differs from the 
inherited condition, since the former causes 
also the inhibition of mannosidase II 
produced in Golgi complex in addition to 
inhibition of α-mannosidase.5 Experi-
mentally it has been shown that the clinical 
evolution and the clinical signs are related 
with the duration of ingestion and with the 
amount of the plant that was consumed.10,22 
The clinical course of the horses of this report 
was 90 days, different from what was 
described in ponies, where the toxicosis 
showed a peracute to acute course.  
 
The necropsy findings in cases of S. 
carpinifolia poisoning are not sig-
nificant.10,11,22 In the current case, there was 
only moderate distension of large colon by 
fecal content, which was also described in 
ponies poisoned by S. carpinifolia.15 
Microscopic lesions of brain and spinal cord 
were mainly characterized by marked 
cytoplasmic vacuolization of neurons and 
astrocytes, with few necrotic neurons and 
axonal spheroids; moderate proliferation of 
Bergmann astrocytes in cerebellum, and 
moderate vacuolization of thyroid follicular 
epithelial cells and proximal convoluted 
tubular cells, and mild vacuolization of 
hepatocytes. These were similar to what has 
already been described in affected cattle,11 
sheep,22 goats,10 and ponies.15 Others have 
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also described cytoplasmic vacuolization of 
acinar pancreatic epithelial cells.10,11,19,22 
 
Lectins are proteins or glycoproteins of non-
immune origin that bind reversibly to specific 
residues of carbohydrates (glycoproteins, 
glycolipids and glycosaminoglycans).10 The 
lectin histochemistry analysis may detect 
certain substances in a tissue where a lesion 
has occurred and helps to establish a 
correlation between its presence, quantity, 
severity and extension of the process. The 
efficiency of this analysis has been already 
demonstrated several studies through the 
detection of complex substances containing 
sugars, related or not with storage diseases, 
such as glycoproteinosis10 and glicolipi-
doses.1 The brain sections of the horse of this 
report submitted to this type of analyses 
revealed moderate to marked cytoplasmic 
stain in neurons when Triticum vulgaris 
(WGA) and Succinyl Triticum vulgaris 
(sWGA) were employed which indicates the 
expression of ß-D-N-acetylglucosamine and 
acetylneuraminic acid. Similar observations 
were made when Concanavalia ensiformis 
(Con-A) was employed, which is a specific 
lectin for α-D-mannose α-D-glucose. The 
mild to moderate stain for UEA I, PNA and 
SJA lectins observed in the horse of this 

report has been described in goats poisoned 
by the same S. carpinifolia, as well as in 
tissues without lesions.10 IHC anti-S100 has 
highlighted the increasing number of 
Bergmann astrocytes in cerebellum, in 
addition to a higher expression of GFAP. The 
Bergmann’s glia is a specialized population 
of astrocytes that occurs in the Purkinje cell 
layer of cerebellum.4 The increased numbers 
of Bergmann astrocytes has been described in 
cases of primary loss of Purkinje cells with 
secondary depletion of the molecular and 
granular layers and in poisonings by plants 
containing swainsonine. 
 
Contributing Institution:  
Setor de Patologia Veterinária, UFRGS, 
http://www.ufrgs.br/patologia/ 
  
JPC Diagnosis: 
Diencephalon with hippocampus and thala-
mus, neurons and glia:  Cytoplasmic vacuo-
lation, diffuse, marked with rare neuronal 
necrosis, satellitosis, and spheroids. 

JPC Comment:   
The contributor provides a thorough review 
of the pathogenesis of chronic swainsonine 
ingestion, as seen in this case associated with 
broomweed (Sida carpinifolia) ingestion.  

 
Figure 1-2.  Diencephalon, horse. Neurons are diffusely swollen with abundant vacuolated cytoplasm. (HE, 400X) 

http://www.ufrgs.br/patologia/
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Molecularly similar to the simple sugar 
mannose, swainsonine inhibits both lyso-
somal enzyme α-mannosidase and golgi 
mannosidase II, resulting in an inability of 
affected cells to process mannose rich 
oligosaccharides, which subsequently accu-
mulate in lysosomes and cause cellular 
dysfunction.6,20  
 
As noted by the contributor, swainsonine-
containing plants naturally grow on several 
continents and poison significant numbers of 
livestock.  In the United States, plant species 
in genera Astralagus and Oxytropis are 
colloquially known as locoweeds, with   
swainsonine commonly referred to as “loco-
toxin" and its associated neurologic clinical 
condition is known as “locoism”.  Astralagus 
and Oxytropis are both extensive genera, with 
354 species and 198 varieties of Astralagus 
reported in the United States and Canada 
while there are 22 species and 35 varieties of 
Oxytropis.20 

 
Identified as an issue by stockmen in the 
United States as early as 1873, locoism posed 
such a significant problem that a field station 
was established and dedicated to its study in 
Hugo, Colorado in 1905. Subsequent 
research lead to the publishing of a USDA 
bulletin titled “The locoweed disease of the 
plains” by C.D. Marsh in 1909.  Interestingly, 
Marsh connected locoism with a similar 
condition in Australia known as “peastruck”, 
which was associated with consumption of 
the Darling Pea (Swainsonia spp.).  Seventy 
years later, Colgate et. al. isolated and 
described the toxin indolizidine alkaloid 
swainsonine from Swainsonia canescens in 
Australia. The toxin was subsequently 
isolated from Astralagus and Oxytropis in 
1982.20   
 
In Brazil, two recent studies have described 
antemortem techniques in regard to the 
presumptive diagnosis of swainsonine 

toxicity.6,21 The first evaluated blood smears 
from guinea pigs fed 50 grams of I. marcellia 
per day.  A repeatable finding after only five 
days of ingestion was the cytoplasmic 
vacuolation of lymphocytes in blood smears, 
predominantly at the periphery of the cell.12 
Another study evaluated the usefulness of 
percutaneous hepatic biopsies using 
Menghini needles in goats fed 4g/kg/day of 
dried I. marcellia (0.8mg/kg/day swain-
sonine). Hepatocellular vacuolization consis-
tent with lysosomal storage disease was 
identified in all affected goats starting at day 
seven.  Sections were subsequently labelled 
using lectin histochemistry staining with 
Concanavalia ensiformis (CON-A) and 
Triticum vulgaris (WGA).21  
 
Swainsonine producing fungal symbionts, 
such as Undifilum spp., have been found to 
be associated with multiple plant species 
associated with swainsonidosis, including 
Astragalus mollissimus, Oxytropis lambertii, 
and O. sericea in North America4, Astragalus 
and Oxytropis in China, and S. canescens in 
Australia.5 Furthermore, swainsonine content 
has been found to correlate with the degree of 
endophyte infection, suggesting endophytes 
at least partially influence the degree of 
toxicity.4 
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CASE II: 21-031340 (JPC 4166761)    
 
Signalment:  
60-day-old, intact male, Katahdin, Ovis aries, 
ovine 
 
History:  
Day 1: Lamb started spinning in circles, ear 
down, and exhibited loss of balance. Day 2: 
Condition worsened to the point lamb could 
not get up. Day 3: Lamb was found dead. 
 
Gross Pathology:  
The lamb is in thin body condition based on 
thin skeletal musculature and fair sub-
cutaneous and visceral adipose tissue stores. 
Postmortem autolysis is mild.  
 
Two retropharyngeal lymph nodes at the 
level of the atlanto-occipital junction are 
symmetrically and diffusely enlarged, each 
measuring approximately 1.0 cm in diameter, 
as well as red-tinged with a dark red to black 
medulla. 
 
Laboratory Results: 
Culture of brainstem- moderate numbers of 
Listeria monocytogenes. 
 
 
 

Microscopic Description: 
Brainstem: Affecting gray and white matter, 
bilaterally and asymmetrically, with more 
pronounced involvement of the left half of 
the brainstem, are multifocal to coalescing 
aggregates of viable and degenerate neutron-
phils with variable numbers of histocytes and 
gitter cells (microabscesses), and occasional 
aggregates of glial cells (glial nodules). 
Within these areas, myelin sheaths are 
frequently dilated with swollen and hyper-
eosinophilic axons (spheroids), and/or with 
an influx of neutrophils and necrotic cellular 
debris that effaces the normal parenchyma. 
Rarely, neuronal cell bodies are shrunken, 
rounded and hypereosinophilic with pyknotic 
nuclei (necrosis). The affected neuropil is 
extensively rarified (malacia) with variable 
edema. Blood vessels are often surrounded 
by small to moderate numbers of lympho-
cytes, plasma cells, macrophages, and 
neutrophils (perivascular cuffing) that fill 
Virchow-Robbins space. The meninges are 
segmentally infiltrated by moderate numbers 
of lymphocytes and plasma cells, with fewer 
macrophages and neutrophils. 
 
Contributor’s Morphologic Diagnoses:  
Brainstem: Severe, subacute, multifocal to 
coalescing, necrosuppurative and lympho-
plasmacytic meningoencephalitis, with mal-
acia, Wallerian and myelin degeneration, 
microabscessation and perivascular cuffing.  
 
Contributor’s Comment: 
Collectively, the clinical history, lack of 
gross findings, and histopathologic changes 
are classic for Listeria monocytogenes (LM) 
as the cause of clinical signs and death in this 
lamb. LM is a gram-positive, facultative 
anaerobic, coccobacillus to bacillus bacter-
ium, that is ubiquitous and durable in the 
environment, virtually worldwide.1,3-8,10,13 It 
is commonly isolated from healthy tissues 
and feces of ruminant animals. LM is an 
intracellular pathogen of leukocytes, partic-
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ularly macrophages, and epithelial cells. 
Surface protein internalins (A and B) 
facilitate internalization of the bacterium, by 
interacting with E-cadherin to pass through 
the intestinal, placental and blood-brain 
barriers. The cholesterol-binding hemolysin, 
Listeriolysin-O, allows LM to escape 
phagosomes so they can then co-opt the host 
cell contractile actin to facilitate cell-to-cell 
transfer.1,3-8,10,14 
 
There are 6 species of Listeria, 2 of which are 
considered pathogenic: LM and L. ivanovii. 
There are multiple serotypes, which fall 
under 3 lineages, the most pathogenic being 
1/2a, 1/2b and 4b. Serovars 1 and 4b are most 
commonly isolated from cattle, while 
serovars 4b and 5 are most commonly 
identified in sheep. Serovar 5 is specific for 
L. ivanovii, which infrequently causes 
abortion, particularly in sheep.1,3-8,10 
 
The most common syndrome of listeriosis is 
encephalitis. Colloquially known as “circling 
disease,” it is almost solely observed in adult 
ruminants as a sporadic disease or, less 
commonly, in outbreak situations. Outbreaks 
are generally associated with feeding 
contaminated silage, typically during winter 
and spring.1,8,10 While the exact pathogenesis 
has not been definitively described, the most 
widely accepted rationale, is that the 
bacterium enters oral mucosal epithelium 

through wounds, infects the trigeminal nerve 
branches or other regional cranial nerves, and 
centripetally travels via axons to the brain. 
This route explains why the medulla and pons 
are most severely affected, with less 
involvement of the thalamus, hippocampus, 
and cervical spinal cord. Clinical signs 
include confusion, depression, head pressing, 
and deviation of the head to one side or the 
other without rotation (causing the animal to 
walk in circles, hence the name “circling 
disease”), unilateral drooping of the ear, 
eyelid and lips due to paralysis of the 7th 
cranial nerve, and possible drooping of the 
masticatory muscles and pharynx. The 
clinical course spans from a few hours up to 
2 days, and rare survivors have permanent 
neurological deficits. Associated lesions may 
include rhinitis and unilateral purulent 
endophthalmitis. At necropsy, there are 
typically no gross lesions, though in severe 
cases, the medullary meninges may be 
thickened with green-colored edema and 
multifocal brainstem malacia is possible. 
Histologically, the primary lesion is 
microabscessation of the brainstem with glial 
nodules, accompanied by perivascular 
cuffing, acute vasculitis, and fibrin. White 
matter is often edematous and rarefied. 
Meningitis, if present, is due to local spread 
of the infection.1,3-8,10,13-14 
 
Other syndromes include abortion, septi-
cemia, conjunctivitis, endocarditis, and 
mastitis.1,8 Infrequently, encephalitis may 
occur simultaneously with other syndromes, 
particularly abortion and septicemia, within a 
herd, but not within the same animal.5,10 LM 
has an affinity for the gravid uterus, via 
suspected hematogenous spread from 
alimentary or intravenous inoculation of the 
dam, who may or may not show clinical signs 
of septicemia before abortion.1,2,5,8-9 The 
incubation period is variable (days to weeks), 
typically causing late-term abortion.  

 
Figure 2-1. Brainstem, sheep. There are multifocal foci 
of hypercellularity scattered throughout the section.  
(HE, 8X) 
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In the early part of the last trimester, LM 
infects the fetus, causing fetal septicemia and 
death. The dam typically aborts in 5-13 
days.2,7-9 This means the fetus is typically and 
markedly autolytic, which precludes eval-
uation of any gross lesions. The placenta is 
usually retained due to mild metritis, but LM 
is typically not cultured. If infected in the late 
part of the last trimester, the dam will 
undergo dystocia, often accompanied by 
severe metritis and septicemia. In near term 
infections, severe, diffuse, non-suppurative 
cerebrospinal meningitis is possible. Gross 
fetal lesions may include subcutaneous 
edema, hydrothorax, hydroperitoneum; 
enlarged, pale, bronze-red, friable liver with 
numerous, small necrotic foci; small 
abomasal erosions; increased amounts of 
yellow-orange, mucoid meconium; and 
enlarged mesenteric lymph nodes.2 In bovine 
fetuses, there may also be severe necrotizing 
colitis, despite autolysis. Possible placental 
lesions include severe, necrosuppurative, 
cotyledonary placentitis; local to diffuse, 
yellow to red/brown exudative inter-

cotyledonary placentitis with edema, and 
vasculitis.2,8-9 
 
Septicemia syndrome is typically only 
observed in aborted fetuses and neonates, 
infected in utero. Multisystemic colonization 
is observed with coagulative necrosis or 
miliary microabscessation of the liver, as 
well as the heart and other viscera to a lesser 
degree.2,8-9 
 
Conjunctivitis syndrome is suspected to be 
caused by contaminated dust in the eye.8 
Acute, suppurative myocarditis with ab-
scessation and possible bacterial emboli, is 
the hallmark of the endocarditis syndrome.8 
Mastitis occurs most frequently in cattle, and 
ranges from subclinical to severely sup-
urative. Infection can be difficult to clear, 
resulting in intermittent shedding.1 

 
Definitive diagnosis of listeriosis can be 
obtained via culture of fresh tissue (brain, 
aborted placenta, and fetus), fluids and swabs 
(cerebrospinal fluid, nasal discharge, urine, 

 
Figure 2-2. Brainstem, sheep. Areas of rarefaction contain large numbers of viable and degenerate neutrophils, occasionally 
forming microabscesses (right). There are scattered dilated myelin sheaths containing axonal debris and spheroids (arrows) 
scattered through malacic areas. (HE, 141X) 
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feces, and milk). Cytology of cerebrospinal 
fluid from a lumbosacral tap will have 
increased protein (0.6-2.0 g/L) and mild 
pleocytosis. Immunofluorescence can be 
performed on smears from necropsy speci-
mens, milk and meat, and may be helpful for 
fast diagnosis in public health situations. 
Serology is generally unhelpful, as many 
animals have high titers due to frequent 
environmental exposure.11 

 
Listeriosis is an uncommon, but extremely 
important and well-documented food-borne 
illness of humans.10,13 The encephalitis 
syndrome is suspected to be due to hema-
togenous spread rather than axonal 
migration.3,7,10 

 
LM has been isolated from numerous animal 
species including birds, reptiles, and ticks.14 
Clinical disease has been described in horses, 
pigs, dogs and cats, though incidence is 
rare.1,8,14  
 
 

Contributing Institution:  
250 McElroy Hall  
Department of Veterinary Pathobiology 
Oklahoma State University 
Stillwater, OK 74078 USA 
https://vetmed.okstate.edu/veterinary-
pathobiology/index.html  
  
JPC Diagnosis: 
Brainstem: Rhombencephalitis, necro-
suppurative, multifocal to coalescing, severe, 
with numerous microabscesses and moderate 
lymphohistiocytic meningitis. 
 
JPC Comment:   
The contributor provides an excellent review 
of Listeria monocytogenes and its multiple 
associated syndromes. E.G.D Murray is 
credited with initially isolating this entity 
from the blood of laboratory animals in 1924.  
Unable to assign the organism to known 
genera at the time, he identified the new agent 
as Bacterium monocytogenes.  The genus was 
later renamed Listeria by Pirie in 1940.  

 
Figure 2-3. Brainstem, sheep. There are small gram-positive rods (arrows) scattered throughout malacic areas. (Brown-
Brenn, 600X) 

https://vetmed.okstate.edu/veterinary-pathobiology/index.html
https://vetmed.okstate.edu/veterinary-pathobiology/index.html
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Although commonly isolated from humans, 
animals, food, and the environment, L. 
monocytogenes wasn’t fully recognized as a 
pathogen until an epidemic of listeriosis in 
newborns (granulomatous infantiseptica), 
occurred in Germany in 1949.  Histologic 
examination revealed granulomas within 
multiple tissues, including liver, spleen, brain 
and lung while bacteria were cultured from 
the meconium, blood, and other organs.  
Investigators initially identified Coryne-
bacterium infantisepticum as the etiologic 
agent.  However, H.P.R Seeliger shortly 
thereafter found the bacteria to be motile, 
inconsistent with bacteria of the Coryne-
bacterium genus, and identified Listeria as 
cause of the outbreak.6   
 
Capable of growth within both the 
environment and the extracellular space 
within the host, L. monocytogenes is also able 
to penetrate and replicate within virtually 
every nucleated cell.  Following its release 
from the phagosome as the result of 
hemolysin and phospholipases as described 
the contributor, the organism utilizes the 
cell’s cytoskeleton for intracellular move-
ment via actin polymerization, primarily at 
the organism’s apical aspect.  This movement 
facilitates contact with the cell membrane, 
from which L. monocytogenes is then 
extruded as a membrane bound extracellular 
vesicle.  These vesicles shelter the organism 
from the host’s immune system and 
subsequently undergo endocytosis by the 
next target cell, completing its cell-to-cell 
transmission.6   
 

Listeriosis in ruminants is classically asso-
ciated the consumption of poor quality silage, 
a popular winter feed option utilized by 
producers formed under anaerobic conditions 
as the result of natural lactic acid fermen-
tation.  L. monocytogenes is often present, 
though in low numbers, in grass used for 
silage production. When properly performed, 

the silage fermentation process has an anti-
listerial effect, largely as the result of organic 
acids.  Both the initiation and maintenance of 
an anaerobic environment are essential for 
the production of suitable silage.  This was 
demonstrated in a study that investigated the 
impact of both silage quality as well as a 
range of oxygen concentrations (0%, 0.1%, 
0.5%, 1.0%, and 5%) on the inhibition of L. 
monocytogenes during the fermentation 
process.4 With the exception of poor quality 
late season grasses, silage exposed to ≤ 5% 
oxygen underwent rapid acidification to a pH 
of <5.  This drop in pH was maintained when 
oxygen concentrations were maintained 
between 0-0.1% whereas silage exposed to 
higher oxygen concentrations exhibited a 
subsequent increase in pH that corresponded 
with the recovery of L. monocytogenes, 
though at varying levels correlating with the 
increase in pH.  With the exception of one 
sample of very poor quality late season grass, 
L. monocytogenes survival under strict 
anaerobic conditions was inhibited by a pH 
of <4.4.  Prolonged survival was noted at 
0.5% oxygen and growth readily occurred at 
higher oxygen tensions of 1-5%.  Of note, the 
presence of moldy silage may be a useful 
indicator of L. monocytogenes contamination 
as mold growth in microaerobic silage 
corresponded well to the presence of L. 
monocytogenes.4 

 
As noted by the contributor, listeriosis has 
been reported in other species, including rare 

 
Figure 2-4. Brainstem, sheep: Virchow-Robins spaces 
and the overlying meninges are expanded by a mixed 
inflammatory cell population.  (HE, 198X)  
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reports in companion animals.  Sources of 
potential exposure that have become 
increasingly popular include raw meat-based 
diets.  This was highlighted in 2018 study in 
Belgium that evaluated 35 commercial frozen 
raw-meat based diets from eight different 
brands. Listeria monocytogenes was isolated 
from 54% of products.  Additional pathogens 
identified included Escherichia coli serotype 
O157:H7 in 23%, Salmonella species in 20%, 
and Sarcocystis cruzi in 11%.12 
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CASE III: 265/0912 (JPC 4165419)  
 
Signalment:  
A two- month-old, male, Canary Black Pig 
(Sus scrofa domesticus). 
 
History:  
A litter of pigs exhibited weight loss and 
severe dyspnea. All animals died and one was 
submitted to our diagnostic laboratory for a 
complete necropsy. The animals belonged to 
a swine farm with no vaccination plan. 
 
Gross Pathology:  
The animal was in poor body condition. The 
cerebellum showed abundant petechial and 
ecchymotic hemorrhages in the meninges and 
parenchyma, affecting mainly the white 
matter.  
 
The lungs were diffusely firm with moderate 
interlobular septal edema. Cranioventral 
portions were patchy dark red. There was 
generalized lymphoadenomegaly. Addition-
ally, mild hydropericardium, ascites, 
fibrinous pleuritis and multifocal hepatic 
fibrosis (consistent with Ascaris suum larvae 
migration) were observed. 
 

Laboratory Results:  
Immunohistochemistry against PCV2 and 
PRRSV antigens was performed on brain, 
lung and lymph node tissue sections. 
 
In the cerebellum, immunoreaction against 
PCV2 was observed in the cytoplasm and 
nuclei from intralesional perivascular macro-
phages and endothelial-like cells.  
 
Immuno-labelling was also seen in alveolar 
macrophages, lymphocytes and syncytial 
cells in the lung, and in histiocytes, 
lymphocytes and occasional multinucleated 
giant cells in lymph nodes. 
 
No PRRSV antigen was detected in any 
sample. 
 
Microscopic Description: 
Cerebellum: affecting the leptomeninges and 
both the grey and white matter there are 
numerous multifocal to coalescing and 
variably sized areas of hemorrhage, 
frequently centered on small caliber blood 
vessels. The wall of these vessels shows loss 
of cellular detail with karyorrhexis and 
karyolysis, and is replaced by eosinophilic 
amorphous material and cellular debris 
(fibrinoid necrosis). Occasionally, fibrin 
thrombi occlude the lumen. Around less 
affected blood vessels, the Virchow-Robin 
space is expanded by a mild infiltrate of 
lymphocytes, plasma cells, macrophages and 
rare eosinophils (perivascular cuffing), which  

 
Figure 3-1.  Brain, pig. There are multifocal to coalescing 
hemorrhages covering the surface of the cerebellar 
folia and vermis. (Photo courtesy of: Unit of Veterinary 
Histology and Pathology. University Institute of Animal 
Health and Food Safety (IUSA), Veterinary School, 
University of Las Palmas de Gran Canaria. 
http://iusa.ulpgc.es/) 

 
Figure 3-2. Cerebellum, pig.  There are multifocal to 
coalescing hemorrhages within all layers of the 
cerebellum and the overlying meninges. (HE, 33X) 

http://iusa.ulpgc.es/
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occasionally invade the wall (vasculitis) and 
extend into the adjacent neuroparenchyma. 
Endothelial cells are hypertrophied and have  
plump and vacuolated nuclei (reactive). 
Multifocally, the neuropil adjacent to 
affected areas shows moderate rarefaction. 
Diffusely, glial cells are mildly increased in 
number (gliosis). 
 
Contributor’s Morphologic Diagnoses:  
Cerebellum and leptomeninges: Vasculitis, 
lymphohistiocytic, multifocal, moderate, 
with fibrinoid necrosis, perivascular cuffing, 
hemorrhage, thrombosis and mild gliosis. 
 
Contributor’s Comment: 
In addition to the lesions observed in the 
cerebellum, other significant histological 
findings were severe lymphoid depletion 
with histiocytic infiltrate in lymph nodes, 
Peyer’s patches, spleen and thymus, severe 
lymphohistiocytic interstitial pneumonia, and 
mild to moderate lymphohistiocytic 
interstitial nephritis. The postmortem and 
histological findings in combination with 

immunohistochemistry were consistent with 
PCV2-systemic disease. 
 
Circoviruses (family Circoviridae) are small, 
nonenveloped, single-stranded DNA viruses, 
whose genome is circularly arranged (hence 
the name). They are worldwide distributed 
and have been identified in mammals, birds, 
fishes and even insects.2, 29 Four porcine 
circoviruses (PCVs 1-4) have been 
recognized so far, named in the order of 
discovery. Only PCV1, a contaminant in PK-
15 cells, is considered non-pathogenic.27,28 
 
In the early 90’s a new disease, named 
postweaning multisystemic wasting syn-
drome (PMWS), was described in pigs in 
Canada.8 The disease was characterized by 
poor weight gain, wasting, dyspnea, pallor, 
diarrhea and jaundice. Few years later, a new 
porcine circovirus, different from the one of 
PK-15 cells (PCV1), was isolated from pigs 
with PMWS.1,5,10,13 Since then, PCV2 has 
been associated with many other syndromes 
in pigs, and is now one of the most 
widespread viral infections in swine 

 
Figure 3-3. Cerebellum, pig. Within the meninges and cerebellar parenchyma, there is vascular necrosis and thrombosis. 
The surrounding white matter of the granular cell layer is spongiotic. (HE, 454X) 
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husbandry, causing significant economic 
losses. 
 
PCV3 and PCV4 have been discovered and 
isolated just recently, and the available 
information on their distribution, prevalence, 
and pathogenicity is still limited and 
sometimes controversial.15,16,19,20,33 
 
PCV2 is characterized by a high nucleotide 
substitution rate, thus having the highest 
genetic variability among single-stranded-
DNA viruses. At present, eight different 
PCV2 genotypes have been identified (PCV-
2a to PCV-2h) and more are likely to appear 
in the future.16 PCV2a, PCV2b and PCV2d 
are the most common ones. Recently, 
genotype prevalence has switched from 
PCV2b to PCV2d. 9 
 
All PCVs share two main open reading 
frames: ORF1 (rep gene) encoding proteins 
associated with replication, and ORF2 (cap 
gene) which encodes the capsid protein, the 
main antigenic determinant of the virus.16 

The ORF3 gene, present on PCV2 genome, 
encodes a protein which is thought to induce 
apoptosis of infected cells.9 
 

Infection with PCV2 occurs mainly in 
domestic pigs, but it also happens in feral 
pigs and wild boars.4,6,11,30 The virus is 
transmitted both vertically and horizontally 
via inhalation/ingestion of fomites from 
oronasal-pharyngeal body fluids, feces, and 
urine.14, 18 PCV2 uses a viral capsid 
attachment protein to bind to heparin sulfate 
and chondroitin sulfate B glycosamino-
glycans on host cells. It enters the cell by 
several pathways including clathrin-
mediated endocytosis, caveolin-mediated 
endocytosis, actin and Rho-GTPase 21, 32. 
Viral DNA replication relies mainly on the 
DNA replication machinery of the host cells, 
since the small viral genome has a very 
limited coding capacity.21 Cellular tropism 
seems to change depending on the age of the 
animal: in fetuses, PCV2 is found in 
cardiomyocytes, hepatocytes and cells of the 
monocytic lineage, whereas after birth it 
shows predilection for lymphoblasts and 
macrophages.24 In vitro studies demonstrated 
that B lymphocytes are one of the most 
important cell population for viral 
replication.31 PCV2 is able to persist but not 
replicate in dendritic cells, which are 
probably used as a vehicle for spreading.7 As 
PCV2 directly targets the cells of the immune 
system, pigs develop severe immuno-
suppression, which increases the risk of 
coinfections. 
 
In most cases, infection is subclinical. 
Clinical forms manifest as a variety of 
syndromes, like systemic disease (which 
includes PMWS), respiratory disease, enteric 
disease, porcine dermatitis and nephropathy 
syndrome (PDNS), reproductive disease, 
encephalitis and congenital tremors.3,17,18,26 
Recently, severe granulomatous and necro-
tizing myositis has been described for the 
first time in pigs with natural PCV2 
infection.12 All these syndromes have been 
grouped together under the name “Porcine 
Circovirus Associated Disease, PCVAD”. 

 
Figure 3-4. Cerebellum, pig. A phosphotungstic acid 
hematin (PTAH) stain demonstrates the fibrin thrombi 
occluding vessels in areas of granular layer hemorrhage 
and necrosis. (PTAH, 200X) 
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In systemic forms, necrotizing arteritis, 
periarteritis, and fibrinoid vasculitis are seen 
in different organs, including the brain.22 
Neurological disease has rarely been reported 
with PCV2 systemic infection.23,25 Symp-
toms include lethargy, ataxia, paddling, 
opisthotonos, nystagmus, and seizures. Gross 
lesions in the central nervous system consist 
mainly of hemorrhage of the leptomeninges 
and the grey and white matter of the 
cerebellum. Histologically, in addition to the 
fibrinoid degeneration and vasculitis, other 
reported lesions are apoptosis of endothelial 
cells, gliosis, lymphohistiocytic coroiditis 
and meningitis, spongiosis, and neuronal 
degeneration and necrosis.23,25 Immuno-
histochemistry demonstrates cytoplasmic 
and nuclear labelling in intralesional 
perivascular macrophages and endothelial 
cells. 

 
The presence of PCV2 within endothelial 
cells of the affected vessels suggests that the 
virus plays a role in the pathogenesis. 
However, as mentioned before, PCV2 is 
often associated with other agents, which 
could also contribute to the lesions. The 
presence of PCV2-labelled endothelial cells 
with increased activity of cleaved caspase-3 
and apoptotic figures, suggests that a direct 
cytopathic effect of PCV2 may be possible.22, 

25 Vascular damage could also result from 
cytokine secretion by infected cells and 
recruited inflammatory cells or by deposition 
of immune complexes in the vessels wall.22 
In the study published by Seeliger and 
colleagues, no immune complexes were 
detected in the affected vessels.25 
 
The reason why only a small percentage of 
animal develops disease, mechanisms be-
yond immunopathogenesis and the cause of 
persisting viremia are largely unknown. Both 
clinical and subclinical infections have an 
impact on porcine health and production. It is 
believed that factors related with the host 
(like age and genetics) as well as 
environmental factors play a role in the 
development of clinical forms.18 The high 
viral load of infected pigs, the long-term 
shedding, and the resistance of the virus in 
the environment make PCV2 one of the most 
highly prevalent viruses in swine farms 
worldwide. 
 
PCV vaccines are now the single most-
selling prophylactic agents in porcine 
farming and appear to confer cross protection 
against genotypes 2a and 2b. Although 
efforts in vaccination have remarkably 
decreased the impact of clinical forms and 
improved production performances, the 
infection is still widespread among the 
vaccinated population. Furthermore, vac-
cines may not confer protection under 
conditions of repeated exposure and the 

 
Figure 3-5. Cerebellum, pig. PCV-2 antigen is present 
within macrophages within the cerebellar granular cell 
layer. (Photo courtesy of: Unit of Veterinary Histology 
and Pathology. University Institute of Animal Health 
and Food Safety (IUSA), Veterinary School, University 
of Las Palmas de Gran Canaria. http://iusa.ulpgc.es/) 
(anti PCV-2, 400X) 

http://iusa.ulpgc.es/
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influence of other cofactors.9 It has been 
shown that epitope variations, which have 
been identified between genotypes, can 
enable the virus to escape pre-existing 
immunity and have been implicated in 
apparent vaccine failure cases involving 
genotype 2d.9 
 
Contributing Institution:  
Unit of Veterinary Histology and Pathology. 
University Institute of Animal Health and 
Food Safety (IUSA), Veterinary School, 
University of Las Palmas de Gran Canaria. 
http://iusa.ulpgc.es/ 
https://hcv.ulpgc.es/web2/?page_id=3601 
  
JPC Diagnosis: 
Cerebellum: Vasculitis, fibrinonecrotizing, 
multifocal, severe, with multifocal hemor-
rhage, focally extensive necrosis, thrombosis, 
and mild lymphohistiocytic meningitis. 

JPC Comment:   
The contributor provides an outstanding 
review of PCV2.  First identified in 1974 by 
Tischer et al., circoviruses are some of the 
smallest viruses known, measuring as little as 
17 nm in diameter.  Interestingly, evidence of 
PCV-2 has retrospectively been detected in 
archived tissues from as early as 1962 using 
in-situ hybridization and PCR.16  
 

As previously mentioned by the contributor, 
PCV-2 specifically targets lymphoblasts and 
macrophages, with coinfection a common 
and expected feature as a result of 
immunosuppression. Furthermore, coinfec-
tion with porcine parvovirus, porcine 
reproductive and respiratory syndrome virus, 
and Mycoplasma hyopneumonia results in 
upregulation of PCV-2 replication, 
suggesting synergistic relationships between 
these infectious agents.16  
 
Although circoviruses are typically regarded 
as host specific, PCV-2 and PCV-3 have both 

been detected in non-porcine hosts, 
indicating potential for cross-species 
infection.  Natural infection with PCV-3 has 
been identified in domestic and wild pigs, as 
well as dogs, cattle, wild ungulates, and 
laboratory mice.  Furthermore, PCV-3 was 
detected for prolonged periods of time in 
experimentally infected baboons.16   
 
In addition to pigs, multiple avian species are 
affected by pathogenic members of genus 
Circovirus in the Circoviridae family, 
including psittacine beak and feather disease 
virus (BFDV), pigeon circovirus (PiCV), and 
goose circovirus (GoCV). Histopathologic 
features include intracytoplasmic botryoid 
inclusions of macrophages and depletion of 
both T and B lymphocytes.  Chicken anemia 
virus, the only member of the closely related 
genus Gyrovirus, specifically targets hemo-
cytoblasts and T lymphocytes, resulting in 
the T-lymphocytes depletion.29 Clinical signs 
associated with infection bear resemblance to 
Postweaning Multisystemic Syndrome 
(PMWS) in pigs and include ill-thrift, 
lethargy, anorexia, poor performance, and 
increased mortality as the result of secondary 
infection.29 
 
Although the majority of species affected by 
the Circovirus genera are avian, they do not 
include those of commercial significance.  
Particularly when compared to PCV-2, 
research interest toward these entities has 
been historically limited. However, addit-
ional discovery of disease mechanisms across 
these species may prove to be useful toward 
enhanced understanding and control of PCV-
2.  
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CASE IV: MW19-0525 (JPC 4152805)    
 
Signalment:  
6-year-old female zebra (Equus zebra) 
 
History:  
This zebra was born in Camp Verde, Arizona. 
It had a history of a dystocia in 2014 that 
appeared to cause neurologic problems 
including inability to stand and seizures that 
she appeared to have recovered from after 8 
hours. However after the neurologic events, 
the zebra had some long term hind limb 
ataxia and seemed to have some pain after 
heat cycles. September 7 2017, the zebra 
showed signs of a head tilt, circling, pacing 
with front limb ataxia. The zebra was still 
eating and drinking; however, the front limb 
ataxia progressively worsened over 3 days. 
September 11, 2017 the zebra was sedated for 
laboratory work and physical examination. 
The physical exam was unremarkable with 
dirty ears with no ticks being the primary 
finding. Blood was collected (see below for 
ante mortem bloodwork results) and 
dexamethasone and IV fluids were 
administered. The zebra had a very prolonged 
recovery as she was unable to stand for 6 
hours post sedation. The following day, the 
zebra showed mild improvement. However 
over the course of 7 days post-sedation, the 
zebra had worsening clinical signs of severe 
ataxia, circling, and head tilt that eventually 
progressed to leaning on the fence and walls. 
There was no vaccination history. The Zebra 
was euthanized on September 15, 2017 and 
was submitted for gross and histopatho-
logical examination. 
 
Gross Pathology:  
On external examination, there are locally 
extensive, erosive to ulcerated, flat, red to 
dark red areas on the skin of the supraorbital 
region, bilaterally. The skin of the right side 
is more affected than the left side. The 
underlying subcutis of the head has multiple 

large areas of subcutaneous hemorrhage and 
edema. The brain and the spinal cord are 
grossly unremarkable. Internal organs are 
within normal limits. 
 
Laboratory Results: 
Complete blood count: Hct 38% (32.5-
46.5%), WBC 10.3K/µL (4.3-11.4 K/µL), 
Neut 8.93 K/µL (2.46-7.23 K/µL), Lymph 
1.082 K/µL (1.45- 5 K/µL), Monocyte 0.185 
K/µL (0-0.6 K/µL), Eosinophil 0.093 K/µL 
(0-0.7 K/µL), Basophil 0.01 K/µL (0- 0.1 
K/µL), Platelet 274 (70-250 K/µL) 
Neutrophils appear slightly toxic per 
reviewer comments. 
Fibrinogen: 400 mg/dL (100-400 mg/dL) 
 
Chemistry: Glucose 55 mg/ dL (49-102 
mg/dL),Creatinine 2.1 mg/dL (0.8-1.8 
mg/dL), BUN 16mg/dL (11-25 mg/dL), 
Phosphorous 5.0 mg/ dL (2.0-4.8 mg/dL), 
Calcium 11.2 mg/ dL (10.2-12.8 mg/dL), 
Sodium 133 mmol/ L (132-141 mmol/L), 
Potassium 3.2 mmol/ L (2.5-5.2 mmol/L), 
Na:K ratio 42 (no range given), Chloride 95  

 

Figure 4-1. Cerebrum, zebra. A section of cerebrum is 
submitted for examination. There is marked 
hypercellularity of the meninges and immediately 
subjacent, there is patchy hypercellularity and pallor of 
the neuropil. Virchow-Robins spaces are cuffed by 
multiple layers of inflammatory cells. (HE, 5X) 
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mmol/L (96-106 mmol/L), TC02 
(bicarbonate) 18 mmol/L (21-31mmol/L) , 
Anion Gap 23 mmol/L (8-18 mmol/L), Total 
Protein 8.1 g/dL (5.7-7.5 mg/dL), Albumin 
3.2 g/dL (3.0-3.9 mg/dL), Globulin 4.9 g/dL 
2.3-4.1 g/dL), AST 1,377 U/L (194-431 
U/L),  ALP 127 U/L (76-262 U/L), Total 
bilirubin 0.5 mg/dL (0.4-2.8 mg/dL), 
Conjugated Bilirubin 0.1 mg/dL (0.2-0.6 
mg/dL), Unconjugated Bilirubin 0.4 mg/dL 
(0.1-2.8 mg/dL), Cholesterol 124 mg/dL (49-
150 mg/dL), Creatine Kinase 873 U/L (130-
497 U/L) 
 
EHV-1 Real PCR Serology: 
Neuropathogenic: negative 
Non-neuropathogenic: negative 
 
Immunohistochemistry: 
Neospora caninum: Protozoal cysts exhibit 
strong positive immunoreactivity. 
Sarcocystis neurona: Protozoal cysts exhibit 
negative immunoreactivity. 
 
 
 

PCR:  
The DNA nucleotide sequence of 
Apicomplexan and Neospora spp PCR 
confirmed that the organism is most likely 
Neospora caninum (performed by Michigan 
State University). 
 
Microscopic Description: 
Brain: Multifocally, the neuroparenchyma is 
randomly disrupted with small to large 
numbers of inflammatory cells, large 
numbers of lymphocytes, small numbers of 
plasma cells, few macrophages, few 
eosinophils, rare multinucleated giant cells 
and malacia. Variable degrees of perivascular 
cuffing up to 5 cells thick with large numbers 
of lymphocytes, plasma cells, macrophages, 
few eosinophils, and reactive vascular 
endothelial cells expands the Virchow Robin 
spaces and into surrounding the neuro-
parenchyma. Astrocytes are swollen 
(reactive) with large amounts of cytoplasm 
(gemistocytes) and swollen axons are 
occasionally identified. Multiple large areas 
of clear spaces, disruption of neuro- 

 

Figure 4-2. Cerebrum, zebra. Higher magnification of the malacic neuropil with spongiosis, gliosis, marked lymphohistiocytic 
perivascular cuffing and numerous apicomplexan cyst.  (HE, 223X) 
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parenchyma, and vacuoles (edema) are 
associated with these inflammatory cells. The  
leptomeninges are markedly expanded with 
similar inflammatory infiltrates, mild 
hemorrhage, fibrin, necrotic debris and 
edema. Within these inflammatory foci, there 
are multiple 20-25 µm in diameter protozoal 
cystic structures with a discernible outer wall 
containing numerous 2x4 µm oval to 
crescent-shaped tachyzoites and basophilic 
nucleus.  
 
Contributor’s Morphologic Diagnoses:  
Meningoencephalitis, lymphoplasmacytic, 
histiocytic, multifocal, severe with peri-
vascular cuffing, gliosis, free protozoal 
tachyzoites and numerous protozoal cysts. 
 
Contributor’s Comment: 
The current name of equine protozoal 
myeloencephalitis (EPM) was given at 
American Association of Equine 
Practitioners (AAEP) meeting in 1977.7 The 
causative agent of EPM is either Sarcocystis 
neurona or Neospora spp, although the 
majority of cases are caused by S. neurona. 
3,5 Protozoa was first observed within the 

Toxoplasma-like encephalomyelitis in the 
horse in 1974 1 but reviews of these cases 
were attributed to S. neurona. 3 Neospora-
associated EPM is uncommon but many 
cases have been reported.3-5,9 This is the first  
Neospora-associated EPM case reported in a 
zebra. 
 
Neospora caninum was first described as a 
new genus and species in 1988 and caused 
meningoencephalomyelitis and myositis in 
dogs.2 Bovine neosporosis causes abortion in 
both dairy and beef cattle worldwide and 
reproductive failure leads to major economic 
impact. Most of the cases are aborted at 5-6 
months of gestation. Neospora caninum can 
be transmitted transplacentally which is the 
major mode of transmission in cattle.2 The 
definitive host of N. caninum is domestic 
dogs which produce oocysts in feces.2 In 
horses, Neospora-like organisms were 
identified in two aborted foals and adult 
horses.2-4 In 1998, the new name of equine 
neosporosis, Neospora hughesi, is proposed.3 
Neospora hughesi has been isolated and has 
differentiated from N. caninum by molecular 
and biological techniques.2,3,6 Neospora-

 

Figure 4-3. Cerebrum, zebra. High magnification of apicomplexan cysts (arrows). Note the occasional eosinophils within the 
inflammatory infiltrate. (HE, 720X) 
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associated EPM (N. hughesi and possibly N. 
caninum) in horses is an uncommon infection 
in United States and only one case has been 
reported in Canada.2,3,9 
 
In this zebra case, multifocal severe 
lymphoplasmacytic meningoencephalitis is 
identified in the cerebrum, brain stem and 
spinal cord. Within the inflammatory foci, 
numerous free protozoal tachyzoites (2-4 
µm) and protozoal cysts (20-30 µm in 
diameter) are identified. The tissue cyst wall 
of N. caninum is 1-4 µm thick, whereas the 
tissue cysts of T. gondii is less than 1 µm.3 
The tissue cysts of N. hughesi can be 
compared with N. caninum. Tissue cysts of 
N. hughesi are smaller than N. caninum and 
the bradyzoites were smaller than those of N. 
caninum.3 However, it is unclear whether N. 
hughesi is the only Neospora species for 
EPM in horses.3 Immunohistochemistry 
(IHC) revealed a strong positive immuno-
reactivity for the N. caninum antibody and 
negative immunoreactivity to S. neurona 
(performed in University of Minnesota). The 
DNA nucleotide sequence of Apicomplexan 
PCR (16-1 Cap 18S ribosomal RNA gene) 

and N. caninum PCR (NcCalr5 NC5 marker 
genomic sequence) revealed 100% similarity 
(187/187bp and 209/209bp) to N. caninum, 
respectively.  However, N. hughesi is closely 
related to N. caninum. Therefore, performed 
IHC and DNA sequence of N. caninum may 
not be differentiated between N. caninum and 
N. hughesi. One paper differentiated N. 
hughesi from N. caninum based on their 
immunodominant surface antigen, SAG1 and 
SAG1-related sequence 2 (SRS2).6 There 
was 6% difference in amino acid identity 
between NcSAG1 and NhSAG1, whereas 
there was a 9% difference when NcSRS2 and 
NhSRS2 were compared.  These markers can 
be used to distinguish N. caninum from N. 
hughesi.6 Wobeser et al 2009 targeted the 
first internal transcribed spacer (ITS-1) 
region to distinguish N. hughesi from N. 
caninum.9 
  
EPM is one of commonly diagnosed 
infectious agents in adult horses in the United 
States, most commonly caused by S. neurona 
and uncommonly by Neospora spp.2 Both N. 
caninum and N. hughesi have been reported 
and more cases of N. hughesi have been 
identified in recent cases.3,7,9 The definitive 
host of N. hughesi has not been identified and 
has been speculated to be small rodents or 
canids.7 Currently antemortem EPM is 
diagnosed with serum titer test from CSF and 
serum. All horses are believed to be 
susceptible to EPM, but not all infected 
horses with either S. neurona or N. hughesi 
will develop disease.7 A recent study shows 
the seroprevalence of N. hughesi is low in 
horses (between 3-10%) depending on 
geographic differences.7 EPM caused by 
Neospora spp. may be underestimated. 
Currently, SAG1, SRS2 and ITS-1 are 
pending to differentiate N. caninum and N. 
hughesi in this case. 
 
Contributing Institution:  
Diagnostic Pathology Center 

 

Figure 4-4. Cerebrum, zebra. Apicomplexan cysts stain 
immunopositive for Neospora caninum. (anti-N. 
caninum, 200X). (Photo courtesy of:  Diagnostic 
Pathology Center, Midwestern University College of 
Veterinary Medicine, 5725 West Utopia Rd., Glendale, 
AZ  85308, https://www.mwuanimalhealth 
.com/diagnostic-pathology-center) 
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Midwestern University College of Veterinary 
Medicine  
5725 West Utopia Rd. 
Glendale, AZ  85308 
https://www.mwuanimalhealth.com/diagnost
ic-pathology-center 
  
 
JPC Diagnosis: 
Cerebrum: Meningoencephalitis, necrotiz-
ing, multifocal, severe, chronic with numer-
ous apicomplexan cysts and extracellular 
zoites. 

JPC Comment:   
As mentioned by the contributor, additional 
molecular diagnostics were pending at the 
time of this case’s submission to WSC.  
Subsequent molecular diagnostics utilizing 
the ITS-1 region revealed 100% genetic 
similarity to N. caninum while control N. 
hughesi DNA from the typed species was not 
detected, further supporting the diagnosis of 
N. caninum.8 This case is significant in that it 
not only represents the first reported case of 
N. caninum associated EPM confirmed using 
molecular analysis but also the first case of N. 
caninum associated EPM reported in a zebra.  
Therefore techniques utilized with this case 
can be applied toward retrospective and 
future EPM studies to better understand the 
prevalence and geographic distribution of N. 
caninum compared to N. hughesi associated 
EPM in equids.8 

 

Neosporosis was first identified as an entity 
by Bjerkås et al. in Norway during the 1980s.  
Distributed worldwide, reported seroposi-
tivity rates for N. caninum in dogs are as high 
as 38% in Argentina and 22% in New 
Zealand.  Interestingly, multiple studies have 
demonstrated rural canines have significantly 
higher seropositivity rates of compared to 
their urban counterparts.2 

 

As previously noted, canines are the 
definitive host of N. caninum but can also be 
intermediate hosts as well.  Other domestic 
species serving as intermediate hosts include 
cattle, sheep, goats, and horses. The 
apicomplexan parasite’s lifecycle is com-
posed of three infectious stages, with 
intracellular tachyzoites and cysts found in 
the intermediate hosts and unsporulated 
oocysts in definitive hosts. Cysts are typically 
found in the CNS but can also be found in 
other tissues such as placenta and liver.  They 
have a round to oval shape and can be up to 
slightly more than 100 µm in diameter with 
an approximately 4 µm thick wall surround-
ing bradyzoites.  In the definitive canine host, 
unsporulated oocysts enter the gastrointest-
inal tract and are passed in the feces, 
contaminating the environment.  The oocysts 
become infective following sporulation and 
are subsequently ingested by the intermediate 
host.   
 
Although the source of intermediate host 
infection of is clear and multiple intermediate 
hosts have been identified, canine infection in 
regions without exposure to known inter-
mediate hosts suggests the existence of 
additional intermediate host species, such as 
small animals that may be preyed upon by 
dogs in urban areas.  Infected tissues from 
intermediate hosts in rural regions, such as 
aborted fetuses, fetal membranes, and dead 
calves likely serve as the major sources of 
infection and may explain the difference in 
seropositivity between rural and urban 
canines.2             
 
In addition to Neospora spp., EPM is also 
caused by a closely related apicomplexan 
parasite, Sarcocystis neurona.  In both cases, 
equids are believed to become infected 
following ingestion of infective oocysts 
passed in the feces of the definitive host.  
Whereas the definitive hosts of N. caninum 
include the domestic dog and the coyote 

https://www.mwuanimalhealth.com/diagnostic-pathology-center
https://www.mwuanimalhealth.com/diagnostic-pathology-center
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(Canis latrans), Sarcocystis neurona’s 
definitive host is the opossum (Didelphis 
sp.).  The definitive host for N. hughesi has 
not been identified.9 

 

The moderator discussed the significance of 
multinucleated giant cells within the section, 
suggesting their presence in the CNS of any 
horse with a history of neurologic deficits 
should elevate the level of suspicion for a 
protozoal etiology.   
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1.  The neuronal vacuolation seen in broomweed toxicosis in horses is the result of the deficiency 

of which of the following enzymes? 

a. Alpha-mannosidase 

b. Beta-mannosidase 

c. Beta- Glucuronidase 

d. Alpha L-iduronidase 

 

2. Which of the following is the most common form of listeriosis in adult ruminants? 

a. Septicemic 

b. Abortion 

c. Endocarditis 

d. Encephalitis 

 

3. True or False? In humans, encephalitis is considered the result of hematogenous spread rather 

than trans-axonal spread. 

a. True 

b. False 

 

4. How many porcine circoviruses are known to exist? 

a. One 

b. Two 

c. Three 

d. Four 

 

5. Which of the following is NOT considered a cause of equine protozoal myelitis? 

a. Sarcocystis falcatula 

b. Sarcocystis neurona 

c. Neospora hughesi 

d. Neospora caninum 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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C o n f e r e n c e 13           5 January 2022 
 

CASE I: A21-106 (JPC 4167686)   
 
Signalment:  
9-month-old White’s tree frogs (Ranoidea 
caerulea, formerly Litoria caerulea). 
Multiple individuals (three females and one 
male) submitted.  
 
History:  
Sudden deaths of multiple cohabitants over 
the course of a few weeks.  
 
Gross Pathology:  
No relevant gross findings.   
 
Laboratory Results: 
None provided. 
 
Microscopic Description:  
The epidermis is diffusely hyperplastic with 
multifocal to coalescing areas of ortho-
keratotic hyperkeratosis. The hyperkeratotic 
stratum corneum is diffusely expanded by 1-
5 layers of retained keratinocytes. Retained 
keratinocytes contain moderate to high 
numbers of intracellular, round, fungal 
structures measuring 5-10 µm in diameter 
(thalli). Thalli variably contain roughly 
round, basophilic zoospores measuring 2-3 
µm in diameter. Infrequently, spike-like 
projections extend from thalli toward the skin 
surface (discharge tubules). Minimal 
lymphocyte exocytosis is observed in the 

affected epidermis. Few lymphocytes, histio-
cytes, and granulocytes are scattered in the 
superficial dermis. 
 
Contributor’s Morphologic Diagnoses:  
Skin: Epidermal hyperplasia and hyper-
keratosis, diffuse, moderate to marked, 
chronic, active, with high numbers of 
intracorneal thalli, morphology consistent 
with Batrachochytrium dendrobatidis. 
 
Contributor’s Comment:  
Batrachochytrium spp., the causative agents 
behind the infectious disease chytridio-
mycosis, are fungal pathogens responsible 

 

Figure 1-1. Legs, frog. Cross section of legs are 
submitted for examination; there are no apparent 
lesions at subgross magnification. (HE, 5X) 
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for mass morbidity and mortality in 
amphibian populations worldwide.11 Two 
species have thus far been implicated in 
global amphibian population declines; 
Batrachochytrium dendrobatidis (Bd), which 
has been identified in over 50 countries and 
over 500 amphibian species,1 and Batracho-
chytrium salamandrivorans (Bsal), which 
primarily affects salamanders and newts.8 Bd 
infects the keratinized layer of the epidermis. 
The disease is therefore primarily seen in 
post-metamorphic adults, but Bd can infect 
the keratinized oral discs of tadpoles.7  
 
Amphibian skin is actively involved in 
maintenance of homeostasis, gas exchange, 
and electrolyte balance. Through infection of 
the superficial epidermis, Bd impairs the 
function of amphibians’ epidermal ion 
transport channels, disrupting osmoreg-
ulation and resulting in systemic electrolyte 
imbalance.15 Mechanisms by which Bd 
causes systemic electrolyte imbalance 
include direct disruption of epidermal 
intercellular junctions via production of 

virulence-associated proteins;3 influencing 
the expression of genes involved in collagen, 
fibrinogen, elastin, keratin, and ion channel 
production;15 and possibly direct inhibition of 
sodium transport channels.4, 17 Disease in 
affected animals typically does not elicit a 
strong immune response, and it has been 
hypothesized that Bd may also impair host 
immune responses.6 Overall, disease course 
and outcome are influenced by a variety of 
pathogen, host, and environmental factors, 
but the resulting hyponatremia, hypokalemia, 
and hypochloremia eventually lead to 
arrhythmia, cardiac arrest, and death.4, 11, 15 
 
Affected amphibians typically first present 
with nonspecific signs of disease such as 
anorexia and lethargy. Some affected animals 
exhibit abnormal or excessive shedding 
patterns.10 Sudden death without any 
premonitory signs is also possible.11 
 
Gross lesions can include rough skin texture, 
greyish discoloration of the skin, erythema,  

 

Figure 1-2. Skin, frog. There is marked diffuse epidermal hyperplasia and hyperkeratosis. There are numerous empty thalli 
and fungal hyphae within the hyperkeratotic debris, and colonies of opportunistic bacteria. There is intraepidermal edema 
and multifocal keratinocyte necrosis. (HE, 400X) 
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ulceration, abnormal shedding, and thinning 
and sloughing of the skin.4, 11 However, in 
cases of sudden death, no gross lesions may  
be appreciated.  Histologically, fungal thalli 
are identified in the stratum corneum and 
stratum granulosum with associated hyper-
keratosis and epidermal hyperplasia. Lesions 
are typically most pronounced on the feet and 
ventral body.2 Thalli are round and 5-15 µm 
in diameter with a variably present projection 
extending toward the skin surface known as a 
discharge tubule. Depending on their stage of 
development, thalli may be empty and clear-
staining with only thin internal septa visible 
or filled with few, round, basophilic 
zoospores that are 2-3 µm in diameter.11 
Inflammatory cell infiltrates are not 
commonly observed in association with 
thalli.11 
 
Histochemical stains such as Gomori’s 
methenamine silver stain (GMS) and 
Periodic-acid Schiff for fungus stain (PAS-F) 
can be used to highlight intracorneal thalli. 

Wet mounts and skin scrapings may also aid 
in diagnosis of Bd. 
 
Contributing Institution:  
University of Florida 
College of Veterinary Medicine 
Department of Comparative, Diagnostic, and 
Population Medicine 
https://cdpm.vetmed.ufl.edu/   
 
JPC Diagnosis:   
Skin, epidermis: Hyperplasia and hyper-
keratosis, multifocal to coalescing, moderate 
to severe, with numerous fungal thalli and 
zoospores, etiology consistent with Batrach-
ochytrium dendrobatidis. 
 
JPC Comment:   
All fungi, including those of division 
Chytridiomycota (commonly known as 
‘chytrids’), share a common aquatic ancestor 
from which metazoans and fungi both 
originated approximately 1.2 billion years 
ago. Given their early divergence from other 

 

Figure 1-3. Skin, frog. The thickened keratin layer (contains abundant zoosporangia  filled with 1-2 micron basophilic 
zoospores. Many empty thalli with fine internal septations (diamonds) are also present. (HE, 381X) 

https://cdpm.vetmed.ufl.edu/
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fungi approximately 750 million years ago, 
chytrids retain many features from their 
common ancestor and are suited for survival 
in aquatic environments, such as the pro-
duction of mobile ciliated zoospores. 
Chytrids also feature several features shared 
by all fungi, such as a hyphal-like structure 
known as a “thallus”, which is associated 
with a feeding structure known as a rhizoid 
that absorbs nutrients while also anchoring 
the fungus to the substrate.9    
 
Chytrids are found in both aquatic and 
terrestrial environments. Many, such as 
Batrachochytrium dendrobatidis, parasitize 
animals while others target algae and plants 
or are saprophytic. These organisms play a 
major role in aquatic food chains by 
parasitizing large inedible algae while also 
producing zoospores that are a food source 
for zooplankton. Anaerobic chytrids are also 
components of the rumen microbiome. With 
the help of specialized organelles known as 
hydrosomes, these organisms facilitate the 

breakdown of resilient carbohydrates in plant 
tissues, which in turn aids volatile fatty acid 
and microbial proteins production by 
additional constituents of the rumen 
microbiome.9 

 
Most chytrid species exhibit a similar life 
cycle beginning with a zoospore that 
subsequently progresses to a thallus and then 
a sporangium. Zoospores range from 2-10 
µm in diameter and typically have a single 
posterior cilium used for propulsion in 
aquatic environments. Zoospores are non-
mitotic, have limited energy stores derived 
from lipids and carbohydrates allocated 
during zooporogenesis, which are often 
visible microscopically as lipid droplets.  
Upon finding itself in a suitable environment, 
the motile zoospore encysts by retracting its 
cilia and forms a fungal cell wall.  Previously 
inhibited by cilia, the now free centrioles are 
utilized for cell division. As the cyst 
germinates, a primitive germ tube forms, 
which subsequently arborizes into a hyphal-

 

Figure 1-4. Skin, frog. A fungal stain demonstrates multiple life forms (zoosporangia, thalli and fungal hyphae) of B. 
dendrobatidis within the hyperkeratotic debris.   



5 
 

like rhizoidal system. Depending on the 
species, a sporangium forms at the site of the 
nucleus, which is either located within the 
cyst or from a separate location within a 
rhizoid as the result of nuclear migration.  
Within the developing sporangium, the 
nucleus undergoes multiple divisions without 
cytoplasmic division, forming a coenocyte.  
This is followed by ciliogenesis, by which 
centrioles are converted into basal bodies and 
the cilia are formed. Nuclei are then 
individually encapsulated by membrane 
invaginations. Following the completion of 
zoosporogenesis, mature zoospores are 
released via one or more pores (discharge 
papillae) within the cell wall.9          
 
Batrachochytrium dendrobatidis (Bd) and 
Batrachochytrium salamandrivorans (Bsal) 
are the etiologic agents of chytridiomycosis, 
an emerging infectious amphibian disease 
responsible for mass die-offs worldwide.  As 
of a 2019 report14, chytridiomycosis has 
contributed to the decline of 501 amphibian 
species (6.5% of described amphibian 
species), of which 90 are extinct in the wild 
and 124 have experienced a >90% decline.  
Of the 501 species affected, all but one 
species decline were attributed to Bd.  These 
figures constitute the greatest known loss of 
biodiversity attributed to a pathogen. In 
comparison, other well-known pathogens 
such as white-nose syndrome in bats 
(Pseudogymoascus destructans) and West 
Nile virus are responsible for the declines of 
six species of bats and 23 species of birds, 
respectively.  Anurans, which comprise 89% 
of amphibian species, are most commonly 
affected and represent 93% of the species in 
severe decline, with 45% of severe declines 
and extinctions occurring in the neotropical 
genera Atelopus, Craugastor, and 
Telmatobius.14     
 
A study15 evaluating a chronically Bd-
infected population compared to a Bd-free 

population of the endangered Australian frog 
Litoria verreauxii alpina found a higher 
proportion of males and females in infected 
populations reached sexual maturity at a 
younger age than non-infected populations.  
In males, this resulted in reduced size at 
maturity and overall may demonstrate an 
adaptive evolutionary shift in response to 
selection pressure induced by high Bd-
induced mortality.15    
 
In contrast to Bd which is predominantly 
associated with anuran hyperkeratosis, Bsal 
is a pathogen of salamanders and newts and 
is characterized by multifocal superficial 
erosions and deep ulcerations in the skin.  
Although anurans are seemingly unaffected, 
they can act as carriers and likely facilitate 
the spread of the disease as the result of 
inter/intraspecies contact associated with 
anthropogenic trade. This entity recently 
spread from Asia into Europe, decimating the 
fire salamander (Salamandra salamandra) 
population in The Netherlands in 2013.5 
Hosting one of the most diverse salamander 
populations in the world, The United States 
also imported 750,000 salamanders from 
2010-2014, creating a high risk of Bsal 
introduction.12 As a result, the US Fish and 
Wildlife Commission banned the import of 
201 species of salamanders into the United 
States in 2016.  Although Bd is reported 
worldwide, Bsal has not yet been reported in 
North America.5 

 

Conference participants noted the dermis and 
underlying musculature are separated by 
abundant clear space. A possible explanation 
for this clear space is lymph sac edema, 
however, the moderator suggested the lack of 
associated flocculent material is more 
consistent with processing artifact.     
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CASE II: R18-1576 (JPC 4137580)    
 
Signalment:  
Approximately 1-2 month old, female, Nile 
tilapia, Tilapia niloticus, fingerling, fish 
 
History:  
Mortalities of 10-30% occurred over a four-
month period in a tilapia hatchery receiving 
untreated surface water. Reported clinical 
signs were limited to lethargy, erratic 
swimming, and exophthalmia. 
 
Gross Pathology:  
Exophthalmia was accompanied by severe 
renomegaly and splenomegaly, with 
pinpoint white nodules widely distributed 
throughout. 

Laboratory Results:  
Pure growth of Edwardsiella anguillarum 
was cultured from the brains of multiple fish 
and its identity confirmed by specific end-
point PCR. Ancillary testing for tilapia lake 
virus (TiLV) and Francisella noatunensis 
subsp. orientalis was negative. 
 
Microscopic Description:  
Multifocal to occasionally coalescing, 
expansile granulomas replace hematopoietic 
tissue and displace adjacent tubules within 
the anterior region of the kidney. Central 
regions of granulomas are formed by 
extensive areas of hypereosinophilic, pyk-
notic, and karyorrhectic cellular debris, 
mixed with degenerate macrophages 
containing large numbers of intracytoplasmic 
bacterial rods. Broad mantles formed by 
concentric layers of epithelioid macrophages 
limit granulomas. Large numbers of free 
bacterial rods mixed with necrotic epithelial 
cell debris fill scattered tubular lumens. A 
single, similar granuloma is present in the 
liver.  
 

 
Contributor’s Morphologic Diagnoses:  
Kidney: Epithelioid granulomas, multifocal, 
subacute to chronic, severe, and scattered 
tubular necrosis, with free and intra-
cytoplasmic gram-negative bacterial rods. 
 
Contributor’s Comment:  
This kidney section from a tilapia was from 
one of 20 fish received from a group of 
hatchery-reared fingerlings experiencing 
chronic mortalities. Microscopic findings 
were consistent with systemic Edwardsiella 
anguillarum infection, an emerging fish 
pathogen with an expanding host range.5 
Edwardsiella anguillarum is a facultative 
intracellular, gram-negative, bacterial rod 
originally described from diseased eel 
(Anguilla spp.) in China.11 In the United 
States, identification dates back to samples of 
striped bass (Morone saxatilis) archived in 
1994.10 Multi-organ necrosis and granuloma 
formation, with intracellular bacterial rods, 
characterizes lesions.2 Although variable in 
distribution, severity, and chronicity among 
individuals, similar lesions affected the 
meninges, intracranial adipose, ventricular 

 

Figure 2-1. Transverse section, tilapia. A transverse 
section of a tilapia at the level of the anterior kidney is 
presented for examination. There are multifocal to 
coalescing areas of hypercellularity scattered throughout 
the kidney, and focally within the liver. (HE, 6X)  
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system of the brain, olfactory nerves, ocular 
choroid rete, heart, gills, pseudobranch,  
spleen, kidney, liver, gastrointestinal wall, 
swim bladder rete, skeletal muscle, and 
various connective tissue sites among the 
various tilapia.  
 
Lesions are reported to be most severe in 
highly vascular organs, particularly spleen 
and kidney, but can be widely disseminated 
and affect almost any tissue site. Early 
lesions are necrotizing, containing abundant 
cellular debris, variable numbers of 
macrophages, and large numbers of 3-5µm, 
free and phagocytized, gram-negative, 
bacterial rods. Over time, thin margins of 
attenuated and epithelioid macrophages 
envelop foci of necrosis, ultimately forming 
granulomas with large central areas of 
hypereosinophilic cellular debris bordered by 
wide zones of epithelioid macrophages. 
Bacteria can be observed in H&E sections, 
but are best visualized with Giemsa stain. 
They occur primarily within macrophage 
cytoplasm, consistent with the facultative 
intracellular nature of Edwardsiella spp. 

bacteria. With chronicity, bacterial numbers 
decline sharply and may not be discernable in 
mature granulomas.2 
 
The genus Edwardsiella contains the well-
known bacterial fish pathogens, E. ictaluri 
and E. tarda, as well as the two recently 
recognized species, E. piscicida and E. 
anguillarum, that were split from E. tarda.1,11 
Edwardsiella ictaluri is best known as the 
agent of enteric septicemia of catfish (ESC), 
an important disease of catfish aquaculture in 
the southeastern United States.5 Edwardsiella 
tarda affects both terrestrial and aquatic 
hosts, and has been implicated in disease 
outbreaks in numerous economically 
important fish species worldwide.8 However, 
the validity of many E. tarda identifications 
from fish is now questionable.5 Similar to E. 
anguillarum, E. piscicida appears to exhibit 
little host specificity and is increasing in 
importance as a global pathogen.3,5 Due to 
shared phenotypic characteristics and high 
16S rRNA sequence homology, 
differentiation of E. tarda, E. piscicida, and 
E. anguillarum require species-specific PCR  

 

Figure 2-2. Kidney, tilapia. There are well-formed (left) and developing (lower center) granulomas scattered throughout the 
kidney. At right, there is granulomatous interstitial inflammation with infiltration and partial replacement of a necrotic renal 
tubule. (HE, 396X) 
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methods or evaluation of additional gene 
sequences (e.g. gyrB) for correct iden-
tification.5,10 Current MALDI-TOF databases 
may not recognize the latter two species.  
 
In addition to E. anguillarum, disease 
outbreaks in tilapia have been attributed to E. 
tarda, E. ictaluri, and E. piscicida, although 
not all E. tarda identifications may be 
reliable.4,5,10,12 Lesions described particularly 
for E. piscicida and E. ictaluri resemble those 
seen here, suggesting the respective diseases 
may not be reliably differentiated by 
histopathology, which should be supported 
by appropriate bacterial culture and 
molecular testing.2,3 Additional differential 
diagnoses include mycobacteriosis and 
francisellosis caused by Francisella 
noatunensis subsp. orientalis.  
 
Contributing Institution:  
Department of Pathology 
College of Veterinary Medicine 
University of Georgia 
Athens, GA 30602 
www.vet.uga.edu/VPP  
 
 
 
 

JPC Diagnosis: 
1. Kidney: Granulomas, multiple, with 
multifocal renal tubular degeneration, 
necrosis, and loss, and colonies of bacilli. 
2.  Liver:  Granuloma, focal. 
3.  Skin:  Epidermitis and dermatitis, erosive 
to ulcerative, moderate, multifocal, with 
Trichodina sp. 
 
JPC Comment:   
Family Enterobacteriaceae is composed of 
facultative anaerobic, non-spore forming, 
gram-negative rods which ferment glucose 
and a variety of other sugars, are oxidase 
negative, and catalase positive.  Over 28 
genera have been identified and include 
major pathogens such as Escherichia, 
Salmonella, and Yersinia, as well as 
opportunists such as Proteus, Klebsiella and 
Serratia.10  
 
In the early 1960s, a unique group of isolates 
that did not fit into known genera were 
identified from both a human patient with 
enteric fever and from snakes in Japan with 
acute gastroenteritis. The isolates were 
subsequently identified as a new genus and 
species, Edwardsiella tarda. Additional 
species have since been identified and 
include E. ictaluri, E. hoshinae, E. piscicida, 
and E. anguillarum, infecting a wide range of 
hosts including freshwater and marine fish, 
reptiles, avians, and mammals. As noted by 
the contributor, multiple studies over the first 
half of the previous decade found the species 
previously identified as E. tarda was 
composed of three genetically distinct but 
phenotypicically identical species: E. tarda, 
E. piscicida, and E. anguillarum.11 
 
Historically, E. tarda has been identified as a 
zoonotic pathogen that can be acquired from 
both fish (including ornamental pet fish) and 
shellfish.  A range of clinical manifestations 
of E. tarda have been reported in humans and 
include necrotic dermal lesions, gastro-

 

Figure 2-3. Kidney, tilapia. Granulomas contain large 
numbers of gram-variable rods within the necrotic 
center. (Brown and Hopps, 600X)  

http://www.vet.uga.edu/VPP
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enteritis, and septicemia in severe cases that 
results in osteomyelitis, meningitis, or 
cholecystitis.  Given the recent discoveries of 
E. piscicida and E. anguillarum, it is unclear 
if these previous reports are attributable to E. 
tarda or a newly recognized species.11 

 
Studies conducted prior to the discovery of E. 
piscicida and E. anguillarum found multiple 
virulence factors affiliated with E. tarda’s 
pathogenesis.  EypP is an effector protein 
always present in virulent strains whereas 
avirulent strains lack the gene encoding for 
EypP.  Additional important virulance factors 
include AIDA, EthA, EthB, Fur, QseB, and 
QseC.  AIDA is an autotransporter adhesin 
that facilitates attachment and penetration 
into host cells.  Both EthA and EthB are 
hemolysins.6  Ferric Uptake Regulator (Fur) 
is a transcription factor responsible for the 
regulation of the pathogen’s intracellular iron 
concentration, which is inherently protective 
against the formation of reactive oxygen 
species generated by the Fenton reaction.6,14  
Both QseB and QseC are responsible for 
phenomenon known as quorum sensing, 
which plays an important role in the 
pathogen’s cellular invasion and intracellular 
survival, particularly within macrophages, by 
both regulating virulence factors as well as 
surface structure modifications (e.g. flagella 
and fimbriae) which may facilitate adaptation 
to the intracellular environment.6  

 
Although Edwardsiella ictaluri is commonly 
associated with catfish and tilapia, it has also 
been reported in aquarium species including 
the green knifefish (Eigenmannia virescens), 
rosy barb (Puntius conchonius) and zebrafish 
(Danio spp.). Zebrafish are particularly 
susceptible to a genetically distinct strain 
from those infecting catfish and tilapia, 
which has destroyed between 20,000-40,000 
fish.  Given zebrafish are commonly utilized 
in the research setting, this pathogen has the 
capacity to significant impact studies.  

However, infection is typically detected 
during quarantine prior to research facility 
entry.  Although in vitro studies have shown 
E. ictaluri to be susceptive to multiple 
antibiotics, neither bath nor oral antibiotic 
administration have been shown to be 
effective in vivo.7 

 

A secondary finding in this case are 
multifocal regions of erosive to ulcerative 
dermatitis associated with superficial 
parasitic ciliates consistent with Trichodina 
sp. Speciation based on histologic exam-
ination alone is difficult due to high 
intraspecific variation, high interspecific 
similarity, and low host specificity.15 All 
clinically important species affect the skin 
and/or gills and both marine and freshwater 
fish are commonly infested.8   

Trichodinosis is typically a mild disease 
resulting in chronic morbidity or mortality, 
but significant losses may occur, particularly 
with young fish and those with secondary 
bacterial infections. Trichodinids exhibit a 
characteristic scooting motion on the tissue 
surface and can be diagnosed using a wet 
mount of skin or gill or histologically, 
however, these organism are easily lost 
during the fixation process.8 

When viewed from the dorsal aspect, 
trichodinids typically measure 40-60µm (up 
to 120µm) in diameter and are characterized 
by a round shape, a central ring of hook-like 
denticles, and circumferential peripheral 
cilia.8 

Trichodinids most commonly infest 
debilitated fish, such as in this case.  
Therefore, particularly in cases of low 
numbers (e.g. one per 100X field of view), a 
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primary underlying disease process should be 
ruled out in cases of trichodinosis.8 
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CASE III: A15-23071 (JPC 4168468) 
 
Signalment:  
Juvenile, sex unknown, discus, Symphysodon 
sp., fish 
 
History:  
Multiple fixed tissues were received from a 
discus was that was euthanized to investigate 
chronic low level mortalities within a group 
of recently acquired juvenile fish. Clinical 
signs within the group included poor growth 
and physical condition, lethargy, anorexia, 
and external darkening. 
 
Gross Pathology:  
No gross findings reported. 
 
Laboratory Results: 
No laboratory findings reported. 
 
Microscopic Description: 
An extensive segment of intestine is 
characterized by widespread, variable 
expansion, blunting, and fusion of mucosal 
folds with patchy loss of the normal plicated 
architecture and associated epithelia. 
Affected mucosal surfaces are frequently 
disorganized with variably sized foci of 
epithelial attenuation, hypertrophy, and 
hyperplasia accompanied by scattered small 
foci of necrosis containing cellular debris, 
and widespread migration of lymphocytes 
across the epithelial border. The lamina 
propria and submucosa are markedly 
expanded by widespread infiltration with 
moderate to large numbers of lymphocytes 
and macrophages accompanied by scattered 
eosinophilic granular cells and plasma cells. 
Inflammatory infiltrates are accompanied by 
patchy edema, rare minimal foci of 
hemorrhage, scattered fibroblasts, and 
islands of entrapped epithelial cells. Vascular 
lumens are prominent and lined by mildly 
hypertrophic endothelial cells. Free within 
the intestinal lumen and embedded in the 

mucosa and submucosa are multiple 
longitudinal and transverse fragments of 
slender nematodes with a smooth cuticle, 
pseudocoelom, and inconspicuous coelo-
myarian musculature. Additional features 
include a prominent stichosome composed of 
a series of granular, amphophilic to 
basophilic stichocysts, and in some sections a 
stichosome nucleus. Multiple stages of germ 
cell development are evident within the same 
sections of ovarian and testicular tissue. Rare 
transverse sections of unembryonated eggs 
with hyaline eosinophilic shells are present in 
the mucosa and gut lumen. The submucosa 
contains a single granuloma with fragments 
of a degenerate worm. 
 
Contributor’s Morphologic Diagnoses:  
Intestine: Enteritis, granulomatous, diffuse, 
chronic, severe, with intraluminal and 
intramural aphasmid nematodes, presump-
tive Capillaria pterophylli.  
 
Contributor’s Comment:  
Microscopic findings in this discus fish 
Symphysodon spp., chronic enteritis in the 
presence of embedded aphasmid nematodes, 
are consistent with pathologic changes and 
morphologic features of intestinal capillar-
iasis, presumptively due to Capillaria 
pterophylli. Although often identified only to  

 

Figure 3-1. Viscera, discus. Sections of intestine, 
stomach, mesentery, liver, and brain are submitted for 
examination. (HE, 5X) 



13 
 

the genus level, examples of capillariasis 
causing losses in aquaculture operations 
producing ornamental fish has been reported 
from multiple countries and fish species. 
Records of C. pterophylli suggest primary 
hosts are South American fishes of the family 
Cichlidae, including angelfish Pterophyllum 
spp. and discus Symphysodon spp.5 However, 
taxonomy of the Capillaridae is disputed and 
some classification schemes may contain as 
many as 22 genera. The distinctive shape, 
social behavior, and array of color patterns 
found in discus have established them as a 
popular aquarium species among collectors 
and in competitions. Their production in 
several Asian countries is part of a major fish 
culture industry. Primary differentials for 
chronic ill-thrift and mortalities in discus 
include mycobacteriosis, spironucleosis, and 
cryptobiosis. 
 
While C. pterophylli is reported to induce 
similar clinical signs and pathologic changes, 
impacts of capillariasis in small freshwater 

fish are best described in research colonies of 
zebrafish Danio rerio, where parasitism by 
Pseudocapillaria tomentosa is a significant 
cause of chronic wasting and mortality.3,5,6 
Histologic changes include irregularities in 
the intestinal plicae, fusion of plicae, 
epithelial hyperplasia and dysplasia, and 
edema in the lamina propria. Inflammatory 
infiltrates composed of mixed lymphocytes, 
eosinophilic granular cells (mast cells), 
neutrophils, and fewer histiocytes further 
expand the lamina and submucosa.2,3,6 In 
zebrafish colonies, P. tomentosa, is also 
associated with a high incidence of intestinal 
carcinomas, where Mycoplasma spp. are 
believed to initiate tumor development that is 
promoted by proliferative changes induced 
by the nematode.2,8  
 
The trichurid nematodes, of which the family 
Capillaridae is a member, are all parasitic as 
adults in vertebrates. Most possess an 
anterior end that is narrower than the 
posterior end with a slender esophagus 

 

Figure 3-2. Intestine, discus. There is blunting and fusion of mucosal folds with expansions of the lamina propria/submucosa 
by large numbers of histiocytes and lymphocytes. Embedded within the mucosa and free within the lumen are cross and 
tangential sections of adult aphasmid nematodes with a prominent basophilic stichosome. (HE, 142X) 
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embedded in large, basophilic, glandular 
cells, the stichocysts, which collectively form 
a stichosome. Distinct lateral chords are 
absent. However, hypodermal bacillary 
bands with associated nuclei are present but 
may not be visualized in all sections. 
Musculature is polymarian coelomyarian. In 
any section, ovarian and testicular tissue will 
contain all stages of germ cells (hologonic 
development). The eggs of most species have 
bipolar or biopercular plugs. Portions of 
worms are frequently found embedded within 
the intestinal wall.1  
 
The life cycles of both C. pterophylli and P. 
tomentosa are direct by feco-oral 
transmission between tankmates.4,7 
Movements of fish in the ornamental pet 
trade and the sharing of zebrafish lines, lack 
of quarantine, and potential for eggs to 
survive sanitization may contribute to spread. 
Due to their direct life cycles, infections 
cannot be contained through the elimination 
of intermediate hosts. However, 
fenbendazole, levamisole, emam-ectin 

benzoate, and ivermectin have been 
described as potential treatments.6 A real-
time PCR assay has been developed and 
validated as a means of non-lethal sampling 
in zebrafish colonies.7 

 
Contributing Institution:  
Department of Pathology 
University of Georgia 
College of Veterinary Medicine 
501 DW Brooks Drive 
Athens, GA 30602 
https://vet.uga.edu/education/academic-
departments/pathology/ 
 
JPC Diagnosis: 

1. Intestine:  Enteritis, lymphohistiocytic, 
diffuse, moderate, with intramucosal 
aphasmid adults and luminal eggs.  

2. Stomach, submucosa:  Granulomas, few, 
with edema. 

JPC Comment:   
Capillaria pterophylli was first described by 
Heinze (1933) in two species of angelfish 

 

Figure 3-3. Intestine, discus. Additional nematode cross sections demonstrate an intestine lined by large uninucleate cells 
(section at left), and testis (section at right). (HE, 483X) 

https://vet.uga.edu/education/academic-departments/pathology/
https://vet.uga.edu/education/academic-departments/pathology/
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(Pterophyllum scalare and P. eimekei) native 
to South America, which are commonly 
found in aquariums.  Fish of the family 
Cichlidae (Pterophyllum and Symphysodon) 
originating from South America are thought 
to be the primary hosts although other species 
of aquarium fish from different families and 
geographic regions have also been infected, 
including Puntius tetrazona (Cyprinidae) and 
Colisa lalia (Belontiidae). Notably, the 
majority of reported infected fish are not 
directly imported, suggesting the life-cycle 
can be completed in aquarium conditions.4 
 
As noted by the contributor, Pseduo-
capillaria tomentosa is a common cause of 
capillariasis in zebrafish (Danio rerio). This 
species serves as an important animal model 
used in various research studies including 
genetics, development, infectious disease, 
and toxicology. Compared to other 
laboratory animals, such as murine models, 
utilization of zebrafish in research is a 
relatively recent endeavor. Consequentially, 

infectious diseases are a commonly faced 
issue in the research setting with an impact on 
not only population management but the 
value of research involving their use can also 
be diminished as a result.  Modern research 
facilities frequently utilize multiple 
biosecurity measures such as quarantine 
rooms, routine visual assessment for diseased 
fish, and screening sentinels and culled older 
fish for pathogens using histology and 
PCR/qPCR.7  
 
Development of non-lethal screening assays 
that assess tank water for pathogens have 
generated considerable interest concerning 
the infection status of individual tanks. The 
detection of primary pathogens in tank water 
such as Pseudoloma neurophilia, Myco-
bacterium marinum, M. chelonae and M. 
haemophilium is a direct indication of 
infected (although often asymptomatic) fish 
given these pathogens are not found in the 
environment unless the fish are infected.7  
 
Development of a qPCR assay capable of 
detecting Pseudocapillaria tomentosa using 
tank water as well as pooled fish samples was 
recently described with a limit of detection 
less than one individual nematode (0.01 
nematode) in the pooled samples.7 However, 
sensitivity was degraded in water samples 
due to contaminants such as fish DNA, algae, 
food residue, fish waste, other free-living 
organisms, and other organic and inorganic 
compounds such as humic acid.  Given 
infection with this nematode is associated 
with chronic inflammation, emaciation, and 
predisposition to intestinal neoplasia, use of 
this assay may be an effective tool toward 
reducing confounding lesions and 
development of pathogen free piscine models 
in research over the long-term.7 
 
References:  
1. Gardiner CH, Poyton SL. An Atlas of 

Metazoan Parasites in Animal Tissues. 

 

Figure 3-4. Intestine, discus. Characteristic 
bioperculated and embryonated Capillaria eggs are 
present within the intestinal lumen. (HE, 483X)  (Photo 
courtesy of: Department of Pathology, University of 
Georgia, College of Veterinary Medicine, 501 DW 
Brooks Drive, Athens, GA 30602. 
https://vet.uga.edu/education/academic-
departments/pathology/) 
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CASE IV: AK895 (JPC 4168135)    
 
Signalment:  
Approximately 7-year-old, female, rainbow 
trout (Oncorhynchus mykiss, Walbaum) 
History:  
The trout was reared in a concrete tank in a 
trout farming facility, provided with 10-12°C 
well water and fed bis in die with a 
commercial diet. A 9 cm x 7 cm mass was 
noted, bulging from the dorsal fin and 
altering its normal profile. Behavioral 
alterations were not present. The trout was 
euthanized with tricaine methanesulphonate 
overdose and underwent complete necropsy 
and histopathological examinations. 
 
Gross Pathology:  
The mass was characterized by multinodular 
appearance, black to dark red discoloration 
with multifocal areas of ulceration, and soft 
consistence, with lardaceous appearance of 
the cut surface. When the coelomic cavity 
was opened, no alterations of the main 
internal organs were noted. 
 
Laboratory Results:  
None provided. 
 
Microscopic Description: 
A multinodular neoplastic mass severely 
expands the dermis and the adjacent skin and 
extends to the cut borders. The mass is highly 
cellular, well-defined, non-encapsulated, and 
multifocally infiltrating the adjacent skeletal 
muscles. Neoplastic cells are haphazardly 
arranged in streams and fascicles, with 
occasional whorl formation. Cells are 
spindle-shaped and characterized by a scant 
fibrillary eosinophilic cytoplasm, a fusiform 
to wavy nucleus with basophilic finely 
stippled to vesicular chromatin, and up to 2 
visible nucleoli. Cells are supported by scant 
fibrovascular stroma, associated to multifocal 
deposition of a loosely arranged clear matrix,  
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with interspersed myriads of intensely 
basophilic granules (presumed proteo-
glycans). Neoplastic cells with multiple 
nuclei are rarely encountered. Anisocytosis 
and anisokaryosis are moderate, and mitotic 
figures are less than 1 per hpf. Numerous 
small and newly formed capillaries engorged 
by erythrocytes (neovascularization and 
congestion) are also visible, with occasional 
intravascular deposition of polymerized 
fibrillary eosinophilic material (fibrin 
thrombi) and erythrocyte extravasation 
(microhemorrhages). Small foci of inflamm-
atory cells mainly composed of lymphocytes, 
plasma cells and, to a lesser extent, 
macrophages are also visible. At the 
periphery of the mass, small areas 
characterized by cellular hypereosinophilia 
and swelling, retention of cell borders, loss of 
cellular detail and nuclear pyknosis, loss of 
nuclei, and occasional faint eosinophilic 
nuclei or nuclear debris (karyorrhexis) 
(coagulative necrosis) are observed. 
Scattered melanophores are also noted 
throughout the mass. 

Occasional filamentous bacteria elements are 
noticed and associated with the pocket scales 
and with small areas of epidermal ulceration. 
The neoplasia focally infiltrates the skeletal 
muscles causing sarcolemmal disruption, 
cytoplasmic flocculation, fragmentation, and 
hyalinization (muscle necrosis). This change 
is associated with infiltration of the 
myofibers by macrophages with foamy 
cytoplasm and occasional satellite cells 
(muscle regeneration) are evident.  Intact 
small peripheral nerves are also noted at the 
edge of the mass. 
 
The mass was stained with Alcian blue, 
Fontana-Masson, and immunohistochem-
ically tested for S-100 expression. The 
Alcian-blue staining confirmed the mucinous 
origin of the extracellular matrix, while the 
Fontana-Masson staining yielded negative 
results, reasonably ruling out a melanocytic 
origin for this neoplasm. S-100 IHC 
specifically labeled neoplastic cells 
cytoplasm, reinforcing the hypothesis of a 
nervous origin. 

 

Figure 4-1. Presentation, trout. Upon gross inspection, arising in the area of the dorsal fin, there is a soft, multinodular red-
black neoplasm. (Photo courtesy of Dept. Comparative Biomedicine and Food Science – University of Padova, AGRIPOLIS – 
Viale dell’Università 16, 35020 Legnaro (PD) - Italy) 
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Contributor’s Morphologic Diagnoses:  
Rainbow trout (Oncorhynchus mykiss), 
dorsal fin: myxoid nerve sheath tumor (NST). 
 
Contributor’s Comment:  
Nerve sheath tumors (NSTs) were previously 
classified as peripheral nerve sheath tumors 
(PNSTs), but the term NST is now preferred 
given the complete lacking of an involvement 
of central nerves. In veterinary medicine, 
NSTs are classified as schwannoma, 
neurofibroma, perineurioma, and malignant 
nerve sheath tumor (MNST).  
 
NSTs may arise in different body sites, 
predominantly in skin, spinal and cranial 
nerves, and autonomic ganglia of the heart, 
mediastinum, and thorax.  In cats and dogs, 
NSTs are frequently characterized by the 
deposition of myxoid extracellular matrix.9 
Similar to mammals, numerous piscine 
species can be affected by neoplasia, and 
some species, in particular, are predisposed 
to NST development. Among them are 
Goldfish (Carassius auratus)10, snappers 
(Lutjanidae)2,13, coho salmon (Oncorhynchus 
kisutch)6, damselfish (Pomacentrus 

partitus)11, and rainbow smelt (Osmerus 
mordax)7. In particular, schwannoma is the 
most common neoplasia in goldfish3,10,12, and 
are reported also in seabream (Sparus 
aurata)4, and zebrafish (Danio rerio)5. 
 
In humans, domestic animals, and goldfish12, 
schwannomas show some characteristic 
patterns that can be of aid in the 
histopathological diagnosis. They frequently 
form cellular foci composed of in interlacing 
bundles of spindle cells (Antoni A areas) and 
hypocellular and less compact areas 
associated with loose myxoid material 
(Antoni B pattern).  
 
When these two distinct histological patterns 
are missing several differentials need to be 
taken into consideration, including neuro-
fibroma, perivascular wall tumors, sarcoid, 
myxoma/myxosarcoma, fibroma, melanoma, 
leiomyoma/leiomyosarcoma, low-grade 
MNST, ganglioneuroma and, in general, 
other soft tissue sarcomas.  
 
IHC generally helps in such cases, and panels 
including S-100, NGFR, Olig-2, PRX, and  

 

Figure 4-2. Presentation, trout. The coelomic cavity and contents are free of tumor. (Photo courtesy of Dept. Comparative 
Biomedicine and Food Science – University of Padova,  AGRIPOLIS – Viale dell’Università 16, 35020 Legnaro (PD) - Italy) 
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SOX-10 may be applied for NST diagnosis. 
However, very few antibody clones have 
already been tested in fish, and among them, 
only the S-100 clone was available in our lab. 
The specific immuno-labeling obtained for S-
100 pointed out the nervous origin of the 
neoplastic cells, while the possible 
melanocytic origin was ruled out by the use 

of Fontana-Masson staining, which proved to 
be negative.  This, together with the Alcian-
blue positivity of the loosely arranged matrix 
(a feature which is not reported for 
melanocytic neoplasms), reinforced the 
diagnosis of a myxoid NST.  
 
Contributing Institution:  
Dept. Comparative Biomedicine and Food 
Science – University of Padova 
AGRIPOLIS – Viale dell’Università 16 
35020 Legnaro (PD) - Italy 
 
JPC Diagnosis:   
Skin and dermis:  Pigmented malignant 
neoplasm. 

JPC Comment:   
Nerve sheath tumors (and text suggestive 
thereof) are rarely described in ancient 
historical writings, likely attributable to their 
relatively low frequency of occurrence as 
well as an overall lack of anatomic 
understanding by ancient physicians. 
Hippocratic writings from 460-375 BC 
highlight this lack of understanding as 

 

Figure 4-3. Scaled skin, trout. Expanding the dermis, 
elevating the ulcerated scaled epidermis and 
infiltrating underling skeletal muscle, there is a 
mesenchymal neoplasm arranged in long streams and 
bundles.  (HE, 5X) 
 

 

Figure 4-4. Scaled skin, trout. Neoplastic cells are spindled, with elliptical to spindled nuclei. The neoplastic cells are separated 
by abundant myxomatous matrix. Small numbers of neoplastic cells contain variable amounts of cytoplasmic melanin. (HE, 
189X) 
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ambiguous words are used to describe both 
nerves and tendons.  Galen of Pergamon 
(129-200 AD) was one of the first to provide 
detailed descriptions of peripheral nerves 
extending from the spinal cord to the digits, 
largely based on dissections of pigs and apes.   
Interestingly, Galen did not believe 
peripheral nerves were capable of repair 
following transection and a wounded nerve 
connected to the brain would result in 
convulsions.  Galen recommended a salve 
composed of ground earthworms to treat 
nerve injury rather than surgical incision.9   
 
The notion peripheral nerves are incapable of 
regeneration remained unchallenged until 
Cruickshank’s experiment investigating 
canine survival following vagal nerve 
transection in 1776. Cruickshank found dogs 
survived following unilateral transection 
vagal nerve but died when the contralateral 
nerve was incised in two weeks later. While 
examining the site of the first transected 
nerve, Cruickshank noted the presence of a 
white substance inconsistent with scar tissue 
and postulated it was regenerating nerve 
tissue.  In subsequent experiments, he found 
dogs survived when the time interval 
between transections was increased.  Despite  

this convincing evidence of nerve regen-
eration, the Royal Society rejected his thesis 
for publication based on over 1700 years of 
belief to the contrary. Haighton took the 
experiment one-step further 20 years later, 
transecting the initially transected vagal 
nerve shortly after the contralateral nerve, 
resulting in the death of the animal. 
Cruickshank and Haighton’s manuscripts 
were subsequently published in 1795.9  

 

Odier of Geneva first used the term “neurom” 
to describe tumors formed by diseased 
enlarged nerves in 1811. Over the ensuing 
decades, authors applied this term to describe 
both traumatic neuromas (as likely observed 
by Cruickshank) as well as both primary and 
metastatic tumors involving nerves.  In 1864, 
Virchow separated peripheral nerve tumors 
of into “true” and “false” neuromas, with the 
former containing both nerve fibers and 
nerve sheath elements while the latter only 
contained elements of the nerve sheath (now 
known as nerve sheath tumors).9   
 
Significant debate ensued over the next 
century about the cell of origin with 
Genersich first proposing “false” neuromas 
(i.e. nerve sheath tumors) arose from 
Schwann cells while others argued they were 
composed of endoneurium.  Harkin and Reed 

 

Figure 4-5. Scaled skin, trout. Neoplastic cells are 
surrounded by abundant myxomatous matrix  which 
stains positively with Alcian Blue 2.0. (Photo courtesy of 
Dept. Comparative Biomedicine and Food Science – 
University of Padova,  AGRIPOLIS – Viale dell’Università 
16, 35020 Legnaro (PD) - Italy). (Alcian blue 2.0, 400X) 

 

Figure 4-6. Scaled skin, trout. Neoplastic cells 
demonstrate moderate cytoplasmic immunoreactivity for 
S-100.  (anti-S100, 400X) 
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expanded the classification of peripheral 
nerve sheath tumors in 1969 by identifying 
schwannomas and neurofibromas as separate 
entities.  Their use of electron microscopy 
confirmed of Schwann cell involvement in 
schwannomas but they were unable to 
determine the neurofibroma cell of orgin.9   
 
Subsequent advances in the fields of 
molecular and cellular biology have gener-
ated substantial evidence that both 
schwannomas and neurofibromas originate 
from Schwann cells lacking expression of 
tumor suppressor gene known as NF1.  This 
gene is responsible for the production of NF1 
protein, which inactivates Ras by promoting 
the autohydrolysis of GTP to GDP.  Notably, 
only Schwann cells in schwannomas are 
deficient in NF1 gene expression whereas all 
the supporting cells in neurofibromas are 
NF1 deficient with Ras hyperactivity, with an 
increased rate of proliferation in response to 
growth factors released from tumorigenic 
Schwann cells.9 As noted by the contributor, 
additional nerve sheath tumors including 
perineurinoma, and malignant nerve sheath 
tumor have also been described.8 
 
Neoplasia may present in fish in a similar 
manner as in mammals, with reports of 
metastatic disease.  Farmed species are not as 
commonly affected as others, largely as the 
result of inherently prohibitive rapid pro-
duction cycles that reduce the incidence 
neoplasia development in those populations 
as a whole.  However, older fish (as in this 
case) are also encountered in hatcheries, such 
as when utilized as broodstock and are more 
likely to present with neoplasia.  Compared 
to farmed species, the rate of detection is 
much higher in ornamental and wild species 
with longer lifespans. Neoplasia is most 
commonly associated with highly prolif-
erative tissues such as the skin, gills, liver, 
gastrointestinal tract, in addition to numerous 

reports of nerve tumors as previously noted 
by the contributor.1 

 

In this particular case, additional sections 
submitted to the WSC underwent a battery of 
additional stains including vimentin, Sox10, 
OLIG2, muscle specific actin, and Fontana-
Masson; however, these stains and their 
associated procedures have not been verified 
in fish.  The neoplastic cells demonstrate 
diffuse, moderately strong nuclear and 
cytoplasmic immunoreactivity for S100, 
indicating the cells are of neural crest origin.  
Neoplastic cells are immunonegative for 
muscle specific actin. Vimentin, Sox10, 
OLIG2, and Fontana-Masson are non-
contributory. In addition, participants noted 
approximately 10% of the cells within the 
neoplasm have cytoplasmic melanin, which 
generated additional discussion in regard to a 
differential diagnosis of a melanocytic 
neoplasm, which would also be expected to 
be immunoreactive for S100.  Unfortunately, 
the additional stains required to make this 
differentiation were non-contributory in this 
case.   Given an inability to definitively 
identify this neoplasm via histomorphologic 
characteristics and available histochemical 
and immunohistochemical stains, we prefer a 
more general diagnosis of pigmented 
malignant neoplasm.                

References:  
1. Brocca G, Zamparo S, Quaglio F, Verin 

R. Metastatic myxoid nerve sheath tumor 
of the dorsal fin in a rainbow trout, 
Oncorhynchus mykiss (Walbaum). J Fish 
Dis. 2021;44(11):1875-1878. 

2. Lucké, B., 1942. Tumours of the nerve 
sheaths in fish of the snapper family 
(Lutianidae). Archives of Pathology, 34, 
133–150. 



22 
 

3. Marino, F., Germanà, A., Bambir, S., 
Helgason, S., De Vico, G., Macrì, B., 
2007. Calretinin and S-100 expression in 
goldfish, Carassius auratus (L.), 
schwannoma. Journal of Fish Diseases, 
30, 251-253. doi: 10.1111/j.1365-
2761.2007.00776.x. PMID: 17394528. 

4. Marino, F., Germanà, A., Panebianco, A., 
2008. A case of schwannoma in farmed 
seabream Sparus aurata. Diseases of 
Aquatic Organisms, 82, 249-252. doi: 
10.3354/dao01992. PMID: 19244977. 

5. Marino, F., Lanteri, G., Rapisarda, G., 
Perillo, A., Macrì, B., 2012. Spontaneous 
schwannoma in zebrafish, Danio rerio 
(Hamilton). Journal of Fish Diseases, 35, 
239-242. doi: 10.1111/j.1365-
2761.2011.01335.x. PMID: 22324347. 

6. Masahito, P., Ishikawa, T., Yanagisawa, 
A., Sugano, H., Ikeda, K., 1985. 
Neurogenic tumors in coho salmon 
(Oncorhynchus kisutch) reared in well 
water in Japan. Journal of the National 
Cancer Institute, 75, 779–790. 
https://doi.org/10.1093/jnci/75.4.779 

7. Morrison, C.M., Harshbarger, J.C., 
McGladdery, S.E., 1993. Schwannoma in 
rainbow smelt. Journal of Aquatic 
Animal Health, 5, 317–323.  

8. Powers CJ, Friedman AH. A brief history 
of surgery for peripheral nerve sheath 
tumors. Neurosurg Focus. 
2007;22(6):E1. 

9. Roccabianca, P., Schulman, F.Y., 
Avallone, G., Foster, R.A., Scruggs, J.L., 
Dittmer, K., Kiupel, M., 2020. Volume 3: 
Tumors of Soft Tissue. Surgical 
Pathology of Tumors of Domestic 
Animals. M. Kiupel (Ed.) (pp. 232-239). 
Gurnee, IL: Davis-Thompson DVM 
Foundation. 

10. Schlumberger, H.G., 1952. Nerve sheath 
tumors in an isolated goldfish population. 
Cancer Research, 12, 890–899. 

11. Schmale, M.C., Gibbs P.D.L., Campbell 
C.E., 2002. A virus- like agent associated 

with neurofibromatosis in damselfish. 
Diseases of Aquatic Organisms, 49, 107–
115. doi: 10.3354/dao049107 

12. Sirri, R., Diana, A., Scarpa, F., 
Brachelente, C., Vitellozzi, G., Ceredi, 
L., Mandrioli, L., 2015. Ultrasonographic 
and pathologic study of schwannoma in a 
Goldfish (Carassius auratus). Veterinary 
Clinical Pathology, 44, 586-591. doi: 
10.1111/vcp.12285. 

13. Williams, E.H. Jr, Rand, T.G., Bunkley-
Williams, L., 2000. Neurofibromas in 
Gray Snappers, Lutjanus Griseus, from 
Bermuda and the unusual distribution of 
Nerve Sheath Tumors in Snappers at the 
Northern Extremes of West Indian 
Waters. Caribbean Journal of Science, 3-
4, 344–346. 

 
 
 

 
 

 

 



WSC 2021-2022 Self-assessment 

Conference 13 

1. Batrachochytrium dendrobatidis  is classified as which of the following?

a. Protist

b. Fungus

c. Microsporidium

d. Myxosporidium

2. Death in amphibians infected with Batrachochytrium dendrobatidis is usually associated with?

a. Bacterial invasion and systemic dissemination

b. Electrolyte imbalance

c. Multisystemic granulomatous inflammation

d. Pulmonary hemorrhage

3. Which of the following stains best demonstrates Edwardsiella anguillarum in tissue section?

a. Ziehl Nielsen

b. PAS

c. Giemsa

d. Toluidine blue

4. Pseudocapillaria tomentosa is a common cause of wasting and mortality in which
of the following?

a. Sharks

b. Discuses

c. Tuna

d. Zebrafish

5. Which of the following is considered the most common neoplasm in goldfish?

a. Schwannoma

b. Melanoma

c. Lymphoma

d. Myxofibroma

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I:  N-521/18 (JPC 4137931) 
 
Signalment:  
3 year-old. Female. Rasa Aragonesa. Ovine 
(Ovis orientalis aries) 
 
History: 
The animal presented with agalactia to the 
clinical service for ruminants (Servicio 
Clínico de Rumiantes – SCRUM) of the 
University of Zaragoza two months after 
parturition. At clinical examination, the 
animal showed induration of the mammary 
gland and mild diffuse increase of respiratory 
sounds. 
  
Gross Pathology:  
At necropsy, the sheep showed body score of 
3/5. Mammary gland presented mild diffuse 
enlargement and severe increase in firmness. 
Lungs were increased in size and weight and 
showed greyish discoloration. Mediastinal 
and tracheobronchial lymph nodes were 
enlarged. 
 
Laboratory Results: 
The animal was seropositive to small 
ruminant lentivirus (SRLV, Elitest 
MVV/CAEV, Hyphen Biomed). 
 

 
Microscopic Description: 
Diffusely, affecting up to the 90% of the 
section, there are inflammatory and degener-
ative changes in the acini, inter- and 
intralobular ducts and intersititium that efface 
the normal structure. Multifocally, mammary 
interstitium is infiltrated by abundant lym-
phocytes and fewer plasma cells, with 
occasionally formation of large follicular 
structures (not in all slides). There are lesser 
numbers of histiocytes and rare neutrophils. 
Multifocally, acini are reduced in size 
(atrophy) and show attenuated, disorganized, 
swollen and/or vacuolated epithelium 
(degeneration), with occasional acinar 
collapse with pyknosis and karyorrhexis 
(necrosis). Lumina of acini are rarely filled 
with an eosinophilic proteinaceous fluid, 
with occasional clear lipidic droplets and 
abundant foamy macrophages with occasion-
al multinucleated giant cells. Diffusely, inter- 
and intralobular septa are prominent and 
infiltrated by mild numbers of the previously-
described inflammatory cells, generally in a 
perivascular location as well as moderate 
numbers of plump fibroblast intermingled 
with immature collagen fibers (intralobular 
fibrosis). 
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Contributor’s Morphologic Diagnoses:  
Mammary gland: Mastitis, interstitial, 
lymphoplasmacytic, diffuse, severe, with 
lymphoid follicle formation, acinar atrophy 
and degeneration and mild intralobular 
fibrosis. 
 
Contributor’s Comment:   
This is the mammary form of small ruminant 
lentiviruses (SRLV). This chronic disease is 
caused by a group of non-oncogenic exogen-
ous retroviruses of the genus lentivirus that 
target immune cells, mainly macrophages. 
 
The SRLVs are a group of highly related 
single stranded RNA viruses with high 
mutational potential that affect sheep and 
goats.11 These viruses induce chronic inflam-
mation that usually remains subclinical. 
When it becomes clinical, the disease can 
express mainly in four different locations: 
lung, joints (mainly carpus), central nervous 
system and mammary gland.7 The expression 
of each form as well as the severity of the 
lesion depends on the host immune response 
and the viral factors.3,9 
 
The mammary form is difficult to detect and 
mainly consist of mammary gland induration, 

progressive bilateral atrophy and milk 
production loss that leads to deficient lamb 
growth.6 Both mammary glands are usually 
symmetrically affected. Microscopic lesions 
are characterized by abundant lymphocytes 
and plasma cells that infiltrate the interstitial 
and periductal connective tissue and even 
form lymphoid nodules. In advanced lesions, 
degeneration and loss of acinar and ductular 
epithelium may happen as a consequence of 
inflammation rather than direct virus effect. 
Strikingly, interstitial fibrosis is a contro-
versial histologic finding of lentiviral 
mastitis.2,7,13 As far as contributors are 
concerned, interlobular fibrosis is hard to 
determine because of microscopic appear-
ance of the mammary septa is highly variable 
according to the physiological condition of 
the animal. However, intralobular fibrosis is 
more challenging to interpret and authors 
question if the moderate intralobular fibrosis 
present in this case has been induced by the 
viral infection or is the reflection of the acinar 
atrophy and collapse. In goats affected by the 
SRLV, mastitis is not commonly detected. 
 

 
Figure 1-1. Mammary gland, sheep. The mammary gland was firm to the touch.  (Photo courtesy of:  Facultad de Veterinaria, 
Departamento de Patología Animal, University of Zaragoza, https://patologiaanimal.unizar.es )   
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The respiratory form is the most common 
presentation of the disease in sheep and 
consist of progressive pneumonia with 
marked dyspnea and weight loss.1 Lungs are 
characterized by showing a rubbery firm 
texture and lack of collapse when thorax is 
opened. Indeed, this animal presented with a 
diffuse interstitial pneumonia with BALT 
hyperplasia (not submitted). The neurologic 
form is characterized by demyelinating 
leukoencephalomyelitis that leads to ataxia 
and profound weight loss.10 This form 
progresses faster than the respiratory one and 
usually occurs in adult sheep and goat kids 
(2-4 months). Articular form is characterized 
by arthritis affecting mainly the carpal 
joints.8 
 
The main route of transmission is aerosol, 
particularly under intensive housing. Colos-
trum transmission plays also an important 
role.7 The virus infects a variety of cell types 
(mammary epithelium, fibroblast, endo-
thelial cells, monocytes, choroid plexus) but 
its replication mainly occurs in mature 
macrophages.11 Lentiviral infected macro-
phages produce cytokines that recruit and 
activate other leukocytes but also enhance 
lentiviral replication. Indeed, clinical signs 
and histopathological lesions are the result of 

the inflammatory process instead direct viral 
damage to the organ. There is neither 
treatment nor commercial vaccines for the 
disease, what makes challenging the 
immunization of the ovine population against 
the virus.12 
 
The main differential diagnosis for this kind 
of mastitis in the Mediterranean countries is 
contagious agalactia caused by Mycoplasma 
agalactiae, a septicemic pathogen with high 
mortality rates that can cause also 
polyarthritis and keratoconjunctivitis. Staph-
ylococcus aureus, Mannheimia haemolytica 
and Corynebacterium pseudotuberculosis 
should also be considered, although 
unilateral involvement and suppurative 
and/or necrotizing mastitis should be 
expected with these pathogens.13 
 
Contributing Institution:  
Universidad de Zaragoza. Departamento de 
Patología Animal 
https://patologiaanimal.unizar.es 
 
JPC Diagnosis:    
Mammary gland: Mastitis, lymphohistiocytic 
and neutrophilic, lobular, multifocal,  
marked, chronic, with fibrosis. 
 
JPC Comment:   
The contributor provides a concise review of 
the pathogenesis and multiple clinical 
manifestations associated with small 
ruminant lentiviruses (SRLVs), an economy-
ically significant group of viruses distributed 
worldwide, with notable exceptions 
including Iceland, New Zealand, and 
Australia.15 

 

SRLVs are a group of viruses in the genus 
Lentivirus in the Retroviridae family that 
include caprine arthritis and encephalitis 
virus (CAEV), maedi-visna virus (MVV), 
and ovine progressive pneumonia virus 
(OPPV).  Lifelong infection associated with 

 
Figure 1-2. Mammary gland, sheep. There is a cellular 
infiltrate within approximately 66% of lobules of acinar 
tissue. (HE, 4X) 

about:blank
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a slow onset (lentus; Latin for “slow”) of 
clinical signs is a key feature of SRLVs.5  

These entities are aptly named given MVV is 
associated with chronic respiratory disease 
(maedi = shortness of breath) and neurologic 
disease (visna = wasting due to meningo-
encephalitis) while CAEV is classically 
associated with arthritis and/or encephalitis.  
Although these viruses were historically 
believed to be host specific, with CAEV 
infecting goats while MVV/OPPV infected 
sheep; however, interspecies transmission 
has been reported.5  

 
SRLVs are divided into five genetically 
diverse genotypes (A-E). There is 25-37% 
nucleotide sequence variation between types 
as the result of common point mutations 
(largely due to a lack of proofreading ability 
of the viral transcriptase) and recombination 
events mediated by coinfections. As previ-
ously alluded to in regard to interspecies 
transmission, most genotypes and associated 
subtypes have been reported in both sheep 
and goats.  However, only the E genotype has 
been reported in sheep while six A subtypes 

have only been reported in goats. These 
reports may be indicative of host specificity 
of some subtypes and a genotype, though it is 
also possible interspecies transmission has 
not yet occurred or simply has not yet been 
identified.5 

 

SRLVs can present a challenge for producers 
to control given its ability to undergo 
transmission both vertically via infected 
colostrum and milk as well as horizontally 
via secretions/excretions from the respir-
atory, urogenital, and digestive tracts. In 
addition, only 30% of SRLV infected animals 
develop clinical disease whereas the 
remaining animals may remain subclinically 
infected for life.  Control measures involving 
neonates include separation of the newborn 
from the dam prior to suckling, feeding 
pasteurized colostrum, and subsequently 
hand/artificially rearing the animal. Strict 
biosecurity measures, including screening of 
animals prior to herd/flock entry, lifelong 
separation of carriers, and elimination or 
disinfection of shared fomites (e.g. automatic 

 
Figure 1-3.  Mammary gland, sheep. Interglandular septa are expanded by large numbers of lymphocytes, macrophages and 
neutrophils, which infiltrate adjacent acini.  (HE, 85X) 
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milkers), and testing programs are utilized to 
control transmission.5 

 
Many producers are unaware ewes or does 
have developed mastitis until the affected  
dam’s offspring are found to be malnourished 
or have died.  Clinically, the udders appear  
bilaterally normal but are firm without pitting 
edema upon palpation and only a small 
amount of milk can be manually expressed.   
One study found weaning weights of lambs 
reared by SRLV-infected ewes were 
decreased (3.86-4.95kg) when compared to 
those reared by SRLV-negative ewes, which 
correlates to significant financial loss for a 
producer over the ewe’s lifetime.6,15  Affected 
animals are typically culled; however, SRLV 
negative offspring can be reared from SRLV 
positive dams as previously discussed.  
Although the intensive hand rearing process 
is a costly alternative, it provides an option to 
preserve valuable bloodlines.15   
 
Testing is an essential tool utilized by 
producers to eliminate SRLV infected 
animals subsequently maintain SRLV free 

flocks.  Commonly tested animals include 
weaned replacement lambs, yearlings that 
have not yet intermixed with mature ewes, 
and ewes (and rams) that are of an unknown 
status prior to herd entry.  Serum-based 
ELISA testing is the most common method, 
which is highly sensitive, though false 
positives do occur.  Upon testing positive, 
seropositive animals are segregated from 
seronegative animals and are commonly 
marked (e.g. bright ear tag) to prevent 
inadvertent intermixing. Newly purchased 
animals, as well as those returning from 
shows with contact with other small 
ruminants are tested upon arrival, 
quarantined, and tested again 60 days later 
prior to release. Unfortunately, early 
infections cannot be detected using ELISA.  
It is therefore common to test these animals 
again at two-to three-month intervals until 
two to three consecutive whole-group tests 
have been completed.  In addition to false 
positives, false negatives have also been 
reported with ELISA testing.  This situation 
typically becomes apparent when a flock is 
seronegative over consecutive tests but 

 
Figure 1-4. Mammary gland, sheep. Higher magnification of inflamed/necrotic acini. A small lymphoid nodule is present at 
left. (HE, 365X) 
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seropositive animals are identified in future 
whole-flock tests.  One protocol studied to 
overcome this phenomenon combined the use 
of highly sensitive ELISA testing with PCR 
to detect proviral SRLV sequences integrated 
into the animal’s genome once every three 
months. The leader-gag sequence was 
selected for RT-PCR due to being highly 
conserved despite SRLV’s high rate of 
mutations. PCR testing identified some 
infected animals prior to becoming sero-
positive, facilitating the study herd’s return of 
to a SRLV negative status after three rounds 
of testing at two- to three-month intervals. 
Although effective, cost is a significant 
disadvantage of this approach.15  
 
An additional control strategy under 
investigation is the use of host genetics given 
some genotypes/polymorphisms have been 
associated with SRLV resistance or low viral 
loads, which have been shown to correlate 
with decreased lesion severity.  In addition, it 
is also likely decreased viral loads present a 
lower risk of transmission.  One potential 
gene found to be associated with decreased 
SRLV susceptibility or lower viral load in 
sheep is the transmembrane 154 gene 
(TMEM154), which encodes a protein of an 
unknown function. Although selective breed-
ing programs are a potentially effective 
component of an overall control strategy, 
purpose-bred resistance may be overcome as 
the result of rapid mutations associated with 
SRLVs.5          
 
Any mention of MVV or CAEV would be 
remiss without discussion of typical clinical 
manifestations of neurologic disease assoc-
iated with ages of the infected animals.  
Although older goats may also be affected 
with the neurologic form of CAEV, it most 
frequently occurs in kids between one to six 
months of age whereas visna affects adult 
sheep. Affected kids initially develop a pelvic 
limb paresis that progresses to paralysis of all 

four limbs. Visna presents as two forms in the 
sheep, depending on the region of the CNS 
affected. Lesions affecting the brain arise in 
the lateral ventricles and result in a head tilt 
and circling toward the affected side. Sheep 
with lesions in the spinal cord classically 
present with unilateral knuckling of a pelvic 
limb while the contralateral limb retains the 
ability to bear weight.15       
 
During the conference, the moderator dis-
cussed the importance of subclinical animals 
acting as reservoirs within herds.  This was 
further highlighted in a recent study14 
conducted in Italy evaluating subclinical 
mastitis which 89 macroscopically healthy 
sheep and goat udders were cultured and 
submitted for histologic evaluation.  Infect-
ious agents were identified in 64 (71.9%) 
cases.  Coagulase-negative staphylocci were 
the most prevalent bacteria isolated (46.2%), 
followed by environmental opportunistic 
bacterial pathogens (34.7%). 75% of infected 
mammary glands had co-infections and a 
total of 138 different bacteria were isolated.  
In addition, lentiviruses were detected in 39% 
of infected udders.14 Histologically, 45/89 
udders demonstrated features of chronic non-
suppurative mastitis, followed by chronic 
mixed mastitis (12/89), and acute suppurative 
mastitis (4/89). Only 28/89 udders were 
histologically normal. Therefore, small 
ruminants with macroscopically healthy 
udders may act as reservoirs for microbial 
agents within herds and flocks14, further 
necessitating herd health surveillance 
programs such as previously discussed. 
 
References:  
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CASE II:  MB19-317 (JPC 4166552)   
 
Signalment:  
An 8-year-old, 28.5 kg, castrated male, boxer 
dog (Canis lupus familiaris) 
 
History:  
The intact male dog was presented for 
bilateral perineal hernia and right unilateral 
cryptorchidism. The left testicle was 
descended in the scrotum. Abdominal ultra-
sound noted prostatomegaly, sublumbar 
lymphadenomegaly, minimal abdominal eff-
usion, and an intraabdominal mass suspected 
to be an enlarged retained right testicle 
(cryptorchid). Surgical intervention included 
bilateral perineal hernia repair, left orchiec-
tomy with scrotal ablation, and right cryptor-
chidectomy. Noted during the celiotomy, the 
peritoneum was diffusely thickened and 
multinodular with increased peritoneal ef-
fusion. The left testicle with scrotum, the 
intraabdominal enlarged right testicle, and 
portions of the multinodular peritoneum were 
submitted for pathological examination. 
 
Gross Pathology:  
Received 3 labeled jars with tissue fixed in 
10% neutral-buffered formalin. Jar 1, “body 
wall”, has one tissue (peritoneum) that is 1.4 
x 0.9 x 0.5 cm, is tan and irregularly 
rectangular. Jar 2, “intraabdominal wall 
testicle”, has one tissue that is 5.5 x 4 x 3.5 
cm with features that are consistent with 
testicle (right). The epididymis and an area of 
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the tunica albuginea are roughened, tan, and 
granular. The portion of the tissue that 
corresponds to testicle measures 4.5 x 3.5 x 
3.5 cm. On cross-section, the testicle is firm, 
tan, and multilobular traversed by haphazard 
and arborizing subtle tan streaks. Jar 3, 
“scrotum descend testicle”, has one tissue 
composed of testicle (left) and skin (scrotum) 
that measures 4.5 x 3 x 1 cm. The elliptical 
portion of skin has a 2 cm long and 0.5 cm 
diameter tan fibrous stalk that attaches to the 
teste. The testicle measures 3.5 x 2.5 x 2 cm 
and on section the tunica albuginea is 
diffusely thickened and firm up to 0.5 cm and 
this tissue melds with the previously 
described stalk. 
 
Laboratory Results: 
No laboratory findings reported. 
 
Microscopic Description: 
“Intraabdominal wall testicle”, enlarged 
cryptorchid right testicle: Nearly diffusely 
replacing tissue architecture, associated with 
few atrophied remnant seminiferous tubules 
that contain only Sertoli cells, and extending 
into the tunica albuginea there is a 
moderately well-demarcated, unencap-
sulated, infiltrative, and highly cellular 
testicular germ cell tumor that is arranged in 

intratubular to diffuse sheets of densely 
packed round cells. Arrangements are 
supported by marked haphazard arborizing 
fibrous connective tissue. Cells are round to 
polygonal, have moderate eosinophilic 
cytoplasm, and large round to oblong 
vesiculated nuclei with prominent up to 4 
central magenta nucleoli and occasional 
nuclear cytoplasmic inclusions. There is 
frequent individual cell apoptosis/necrosis 
with suspected phagocytosis (“starry-sky” 
pattern). Mitoses are 13 per 2.4 mm2 
(equivalent to 10 FN22/40X fields) and some 
are atypical. Multifocally in the stroma are 
lymphocyte and plasma cell aggregates. 
There is moderate to marked anisocytosis and 
anisokaryosis. There is karyomegaly and 
occasional multinucleation. Multifocal 
vessels contain luminal tumor cells (unclear 
if this represents true vascular invasion or 
transposed cells that occurred during 
trimming). Tumor cells extend into the tunica 
albuginea (invasion). Lining the serosa of the 
epididymis, the ductus deferens, the tunica 
albuginea, and the vascular adventitia are 
multifocal to coalescing pyogranulomas. 
Centrally, admixed with neutrophils and cell 
debris, there are round, <30 µm diameter 
organisms that have a refractile capsule that 
surround vacuolated basophilic wispy 
material or that contain packed 3 µm round 
basophilic structures (developing spherules, 
variably with endospores) (Coccidioides 
spp.). This is followed by epithelioid 
macrophages, few multinucleated giant cells, 
lymphocytes, plasma cells, fibrosis, neovas-
cularization, and reactive hypertrophied 
mesothelium. At one aspect of the tissue, 
architecture is smudged and coagulated with 
nuclear streaming (cautery artifact). 
 
Body wall (peritoneum) (not submitted): 
Thickening the peritoneum, admixed with 
fibrosis, reactive hypertrophied meso-
thelium, and above regions of skeletal muscle 
bundles there are pyogranulomas containing 

 
Figure 2-1. Testis, dog.  A section of a cryptorchid testis 
is presented for examination.  There is loss of normal 
architecture, and a cellular infiltrate expands the 
spermatic cord and fibrous tags projecting from the 
vaginal tunics.   (HE, 6X) 
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fungal spherules with occasional 
endosporulation (Coccidioides spp.), as 
previously described.  
 
Descended testicle (left) with scrotum (not 
submitted): Multifocally thickening and 
infiltrating the tunica albuginea and tunica 
vaginalis, among portions of the epididymis 
and supported by fibrosis, there are 
pyogranulomas containing fungal spherules 
with occasional endosporulation (Cocci-
dioides spp.), as previously described. The 
testicular parenchyma is variably compressed 
by the peripheral enflamed fibroplasia, and 
seminiferous tubules have reduced cellularity 
without spermatids (atrophy) with mild 
interstitial fibrosis. 

Contributor's Morphologic Diagnosis: 
1. Testicle, intraabdominal cryptorchid, 

right: Seminoma, intratubular and diffuse 
types, with invasion of the tunica 
albuginea. 

2. Testicle, intraabdominal cryptorchid, 
right: Periorchitis, pyogranulomatous, 
lymphoplasmacytic, marked, chronic, 

with intralesional fungal spherules 
(Coccidioides spp.). 

3. Abdomen and descended testicle (not 
submitted), left: Peritonitis and 
periorchitis, pyogranulomatous, 
lymphoplasmacytic, marked, chronic, 
with intralesional fungal spherules 
(Coccidioides spp.).  

Contributor’s Comment:   
The dog was diagnosed with two 
simultaneous but unrelated disease processes, 
one neoplastic and one infectious. The 
cryptorchid right testicle was enlarged by a 
seminoma with features of both, intratubular 
and diffuse type patterns.2 Definitive 
vascular invasion was lacking, but neoplastic 
cells did regionally invade the tunica 
albuginea. The biopsy of peritoneal tissue, 
the intraabdominal testicle's capsule, and the 
descended testicle's capsule and peripheral 
space (tunica vaginalis) were diffusely 
thickened by chronic inflammation domi-
nated by pyogranulomas containing fungal 
spherules with variable endosporulation, 
consistent with Coccidioides spp. The fungal 

 
Figure 2-2. Testis, dog.  Neoplastic germ cells fill the few remaining seminiferous tubules and sheets of similar cells efface the 
remaining tubules and interstitial cells.   (HE, 228X) 
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periorchitis of the descended left testicle was 
likely the extension of the peritoneal 
infection to the vaginal process, since the 
latter, demarcated by the parietal and visceral 
vaginal tunics, is a continuation of the 
abdominal cavity. A regional intrascrotal 
fungal inoculation of the left testis is another 
possibility, though less likely given the dog’s 
marked fungal peritonitis. 
 
Common testicular tumors of the dog are 
Sertoli cell tumor, interstitial or Leydig cell 
tumor, and seminoma.2,8 Typically, these 
testicular tumors are benign; however, their 
malignancy is difficult to determine based 
solely on cell morphology. Therefore, a 
definitive designation of malignancy requires 
recognizing metastasis in the spermatic cord, 
regional lymphatics, sentinel lymph nodes, or 
in distant sites.2 Seminomas are the most 
common germ cell tumor of older dogs, and 
these tumors are typically hormonally 
inactive and prevalent in cryptorchid testes.2 
Grossly, seminomas are lobulated, white to 
gray-white, soft, bulge on section, and may 
have hemorrhage.2 Microscopic features are 

characteristic, and include the growth of 
densely packed sheets of polygonal round 
cells that may arrange in tubules or diffuse 
pattern or a combination.2,8 As in humans, the 
expression of c-KIT and PLAP in dog 
seminomas may allow further differentiation 
between spermatocytic or classical  
seminoma, which may have prognostic 
implications.8  
 
Coccidioidomycosis is a localized to systemic 
infection caused by the dimorphic fungi 
Coccidioides immitis and Coccidioides 
posadasii.5 These fungi are saprobic and 
endemic in dry climates of the southwestern 
United States (US), Mexico, Central 
America, and South America.9 Current 
climate change scenarios predict that by 2100 
Coccidioides spp. endemicity in the US will 
expand northward into drying western states 
accompanied by a 50% increase in human 
infections.4 In addition to humans, these 
fungi infect a wide range of mammals with 
varying susceptibility.1,5,11 The primary route 
of infection is through the inhalation of 
environmental arthrospores or less likely, 

 
Figure 2-3. Testis, dog. Few atrophic tubules (total absence of spermatogonia and a single layer of Sertoli cells – left and center 
top) are scattered at the periphery of the testis.  Neoplastic germ cells (bottom center) infiltrate the inner layers of the tunica 
albuginea.   (HE, 129X) 
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following direct cutaneous inoculation.5 
Once inhaled, the infection may be limited to 
the lung (pneumonia) and draining lymph 
nodes (lymphadenitis) or the infection may 
become disseminated, spreading hemato-
genously or lymphogenously to distant sites.5 
Lameness resulting from fungal granulo-
matous osteomyelitis is a common indication 
of disseminated disease.5 
 
Young, large breed dogs spending time 
outdoors in endemic areas, especially as 
working or sporting dogs or roaming deserts, 
are at increased risk for coccidioidomycosis.5 
Infected dogs display a variety of clinical 
signs and disease severity, which renders 
definitive diagnosis difficult.5,7,9 Because of 
the inhalation route of infection, clinical 
signs attributable to fungal pneumonia are 
common; however, dogs with disseminated 
disease may not always have history of 
respiratory morbidity.5 Moreover, the highly 
diverse patterns of systemic dissemination 
preclude a case definition and result in 
atypical infections, such that in endemic 
areas coccidioidomycosis is often a differ-
ential diagnosis in ill dogs. Coccidioides spp. 
can disseminate anywhere in the body, 
including central nervous system, bone, 
pericardium, eye, reproductive tissue, 
parenchymal organs, endocrine tissue, 
gastrointestinal tract, and, as in this case, 
peritoneum.9 Where a clinical suspicion of 
coccidioidomycosis exists, serology for 
immunoglobin (Ig) G and IgM is an available 
screening tool in dogs, albeit imperfect.7 A 
retrospective study found that the sensitivity 
of a commercially available agar gel 
immunodiffusion assay (AGID) serologic 
test for canine coccidioidomycosis was 87% 
for IgG and 46% for IgM.7 The advent of an 
enhanced enzyme immunoassay to detect 
Coccidioides spp. antibodies shows promise 
to be more sensitive and specific than AGID.7 
Multiple studies suggest that elevated IgM 
occurs with acute disease, while elevated IgG 

indicates chronic or disseminated disease or 
both.7 

 
This dog’s diagnosis of disseminated 
coccidioidomycosis was fortuitous. The 
primary complaint was perineal hernia and 
unilateral cryptorchidism with likely 
neoplasia. This dog did not present with 
morbidity concerning for Coccidioides spp. 
infection. However, all biopsies detected 
peritoneal coccidioidomycosis. Serum 
collected the day after the biopsies yielded 
positive Coccidioides spp. IgM (1:4) and IgG 
(1:32) titers. It is probable that this patient’s 
coccidioidomycosis involved more than the 
peritoneal cavity, but additional diagnostics, 
including thoracic radiographs were not 
pursued. The patient’s sublumbar lympha-
denomegaly could represent fungal 
lymphadenitis or perhaps seminoma meta-
stasis or may simply be immunologic 
lymphoid hyperplasia. Following the 
Coccidioides spp. diagnosis, the dog was 
prescribed fluconazole per os twice daily. Six 
months later, upon titer reevaluation, the 
patient continued to have positive 
Coccidioides spp. IgM (1:4) and IgG (1:8) 
titers. The decreasing IgG titer is likely a 
result of treatment.5 More than a year later, 
the patient is alive, though the extensiveness 
of its coccidioidomycosis and the possibility 

 
Figure 2-4. Spermatic cord, dog. There is expansion of 
the tunics lining the spermatic cord by an inflammatory 
infiltrate composed of pyogranulomas separated by 
lymphocytes and plasma cells. Epididymis at right.  (HE, 
26X) 
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of seminoma metastasis was never fully 
investigated.  
Contributing Institution:  
Midwestern University, College of 
Veterinary Medicine 
Diagnostic Pathology Center 
5725 West Utopia road 
Glendale, Arizona 85308 
https://www.midwestern.edu/  

JPC Diagnoses: 
1. Testis:  Seminoma. 
2. Testis:  Hypoplasia and aspermato-

genesis, diffuse, severe. 
3. Testis, vaginal tunics and spermatic cord:  

Pyogranulomas, multiple, with 
endosporulating spherules, etiology 
consistent with Coccidioides sp. 

JPC Comment:   
The contributor provides an excellent review 
of both entities presented in this patient that 
presented for what was anticipated to be a 
"routine" cryptorchid castration. 
 
Cox, Wallace, and Jessen first suggested a 
hereditary basis for cryptorchidism in dogs in 
1978; however, Gubbels, Scholten, Janss, 
and Rothuizen provided convincing evidence 
in 2009 following the evaluation of data from 
11,230 litters in 12 purebred dog breeds.  
Matings involving presumed carriers (parent 
of at least one previously identified 

cryptorchid) were associated with a 24.1% 
rate of cryptorchidism compared to 2.1% in 
the overall population.10     
 
Cryptorchid dogs are at increased risk for 
testicular neoplasia (especially Sertoli cell 
tumors and seminomas) and spermatic cord 
torsion.  In addition, cryptorchidism has been 
found to be associated with umbilical and 
inguinal hernias, hip dysplasia, patellar 
luxation, penile and preputial defects, and 
occurs in up to 50% of dogs with persistent 
Müllerian duct syndrome (PMDS).10, 12   

PMDS is rare form of male pseudoherma-
phroditism characterized by the existence of 
a hypoplastic oviduct, uterus, and cranial 
vagina and is associated with an autosomal 
recessive pattern of inheritance most 
commonly observed in miniature 
schnauzers.12   
 
Testicular neoplasia commonly occurs in 
dogs, with one study6 reporting 62 (27%) of 
232 male dogs between 80 days and 15 years 
(mean 10.7 years) of age presented for 
necropsy to be affected. Many affected 
animals had more than one testicular tumor, 
with a total of 110 identified.  Although 
seminomas are commonly reported to be the 
most common testicular neoplasm, interstitial 
cell tumors were the most commonly 
reported testicular neoplasm in this study 
(50%), followed by seminomas (42%), and 
Sertoli cell tumors were the least common 
(8%).  Of the 62 dogs with testicular tumors, 
19 had more than one tumor type while two 
had all three.6 

 
Testicular tumors typically have unique 
macroscopic and histologic features, with 
those of seminomas being previously 
described by the contributor.  Macrosco-
pically, interstitial cell tumors are typically 
yellow to brown, soft, nodular masses with 
hemorrhagic foci.  Histologically, interstitial 
cell tumors are composed of round to 

 
Figure 2-5. Spermatic cord, dog. Pyogranulomas are 
centered on 10-30 µm eondosporulating yeasts 
(arrow), consistent with Coccidioides sp.  (HE, 381X) 
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polygonal cells with finely vacuolated 
eosinophilic cytoplasm, an eccentric round 
nucleus, and have rare mitotic figures.  
Sertoli cell tumors typically present as grey 
to white, firm, multinodular masses that are 
clearly demarcated from surrounding 
parenchyma. Histologically, Sertoli cell 
tumors may demonstrate diffuse, intra-
tubular, or a combination of growth patterns 
and are characterized by elongated cells with 
faintly eosinophilic cytoplasm often arranged 
in palisades lining well-delineated tubular 
structures associated with abundant fibrous 
stroma and rare mitotic figures.6   
 
Dr. Myrnie Gifford, an assistant health 
officer in Kern County, California was the 
first physician to identify Coccidioides spp. 
as the etiologic agent of “San Joaquin Valley 
Fever” in 1934.  Shortly thereafter, between 
1945 and 1951, Drs. Phyllis Edwards and 
Carroll Palmer conducted an extensive 
seroprevalence study using over 110,000 
Navy recruits, student nurses, and college 
students, resulting in the first known map of 
the disease’s distribution across The United 
States.3 

 

As noted by the contributor, the environment 
plays a significant role in this pathogen’s 
growth and life stages.  Thought to proliferate 
during short-lived wet conditions in an 
otherwise arid environment, Coccidiodes 
subsequently autolyzes into infective arthro-
conidia when stressed by hot and dry 
conditions, which are then dispersed by wind.  
As a result, the climate of preceding seasons 
has been shown to play a significant role in 
the incidence of coccidiomycosis. For 
example, higher rates of human coccidio-
mycosis have been reported in the San 
Joaquin Valley of California during autumns 
following cooler and wetter springs.3   
 
Between 7000 and 9000 protein coding genes 
exist in the Coccidioides genome, which as a 

whole is poorly understood. Less than 10 
genes have been functionally characterized 
so far, many of which are related to virulence. 
Interestingly, ammonia production appears to 
play a role in virulence during spherule 
development and rupture.  Deletion of urease 
gene (URE) resulted in partial reduction of 
ammonia and increased the survival of mice 
by 60%, whereas double deletion of urease 
and ureidoglycolatehydrolase (Ugh) genes 
resulted in even lower ammonia levels and 
increased the survival of mice to 90%.   
 
Studies have shown the host’s innate immune 
response to Coccidioides spherules relies on 
TLR2, myeloid differentiation factor 88 
(MyD88) and Dectin-1. In addition, T cells 
have been shown to play a crucial role in the 
body’s defense against Coccidioides, as Th1 
responses associated with IL-12 and IFN-γ 
and Th17 responses activated by IL-17 and 
IL-22 are both critical for protection against 
coccidiomycosis.3   
 
During the conference the moderator 
emphasized the risk posed to laboratory 
personnel by Coccidioides spp. Infected 
animals are not contagious; however, 
infective arthroconidia formed when the 
organism is cultured can be inhaled if proper 
safety protocols are not followed.  Therefore, 
laboratory personnel should always be 
notified when samples from potential cases 
of coccidiomycosis are submitted for culture 
as a professional courtesy. 
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CASE III:  P-2021 169 (JPC 4168027)   
 
Signalment:  
A 4-year-old, male neutered, crossbreed dog 
(Canis familiaris) 
 
History:  
The dog was imported to the UK from Cyprus 
in April 2016. At that time the dog was in 
contact with a bitch with CTVT and in 
October 2020 the dog showed a firm swelling 
along the caudal prepuce in the ventral 
midline. The biopsy from the penis con-
firmed a CTVT. The dog was treated with 
vincristine with a modest reduction in size of 
the mass, however, the reduction was 
incomplete, and doxorubicin was given, but  
without a measurable response. Radiotherapy 
was given in March 2021, with some 
shrinkage of the penile mass. An ulcerated 
mass developed on the skin of the right 
ventral neck a month later. The dog was 
referred to the QVSH, University of 
Cambridge. On presentation, the dog was 
dull but responsive with a BCS 3/9. Both the 
penile lesion and the neck mass were evident. 
Abdominal ultrasound showed several, ill-
defined, rounded to multilobulated, hypo-
echoic masses distributed throughout the 
liver lobes, measuring 1.56cm - 3.46cm. The 
penis glands showed a hypoechoic, symm-
etrical structure surrounding the base of the 
penis. Cytology of the liver nodules 
confirmed CTVT cells and histology of the 
penile glands and the skin mass confirmed 
CTVT. Following deterioration in the dog’s 
condition and the onset of anorexia and 
vomiting, euthanasia was performed on 
humane grounds. 
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Gross Pathology:  
Presented for necropsy was a 4-year-old male 
neutered cross breed dog. The animal was in 
body condition 3/9. There was a 
2.5x3.5x2.5cm tumor on the skin of the right 
ventral cervical region. The mass was firm 
and had a central cavitated opening 
(1.4x1x1cm). The mass was mobile from the 
underlying subcutaneous tissues. The mass 
was homogeneously light cream to pink 
when the surface was cut, with a central 
0.5x0.7x 1.1cm cavity. There was a tumor at 
the base of the penis 4.2x3.5x3cm on 
average. The tumor was firm and with an 
overlying intact mucosa. There was a 
multinodular firm tumor at the base of the 
penis approximately 4.2x3.5x3cm on 
average, well-demarcated, partially encap-
sulated, but locally infiltrative towards the 
caudal part of the base of the penis. The 
tumor was lined by a smooth pink to cream 
mucosal surface. The tumor was homo-
genously cream to white. The rest of the penis 
had a smooth white to pink mucosal surface. 
The liver had multiple distinctive firm white 
nodular tumors with a smooth surface on the 
right medial lateral lobe and left lateral lobe. 
The masses vary from 0.3x0.5x0.4cm to 
1.3x1.5x1.1cm. The masses were well-
demarcated, partially encapsulated, firm, 
homogeneously white to light pink on cut 
surface. The right mandibular lymph node 
was 1.5x fold from the left mandibular lymph 
node, with a homogeneous white 
parenchyma on cut surface. The rest of the 
organs were unremarkable. 
 
Laboratory Results:  
In October 2020 biochemistry revealed an 
elevated ALKP 1595IU/L (reference interval 
23-212). Serum biochemistry and 
hematology were performed; alkaline 
phosphatase remained elevated at 1700iu/L 
(26-107). There was a lymphocytopenia 0.7 x 
10/9/l (reference interval 1-4.7) and an 
erythrocytosis RBC 9.16 X 10/12/L (5.5-8.5), 

Hb 22.4 (12-18) HCT 60.9% (37-55) which 
was unexplained. 
 
Microscopic Description: 
Present within the liver parenchyma is a 
densely cellular, locally infiltrative, mostly 
encapsulated neoplastic mass. Neoplastic 
cells are arranged in densely packed sheets 
that are supported by a thin collagenous 
stroma or more prominent fibrovascular 
connective tissue stroma. Individual 
neoplastic cells are round to oval, with scant 
to moderate amount of eosinophilic to light 
basophilic cytoplasm with variably distinct 
cell borders. Nuclei are large, oval to round 
with coarsely aggregated chromatin and 
variable prominent central nucleolus. 
Mitoses are 20 per 10 HPFs (2.37mm2), with 
some being bizarre. Present within a variable 
thick fibrous connective capsule are variable 
numbers of new blood vessels, lymphocytes, 
plasma cells and fewer neutrophils, 
occasional bile ducts and hepatocytes and 
rare giant cells. The adjacent parenchyma is 
compressed, with smaller hepatocytes than 
expected (atrophy), aggregates of 
lymphocytes and scattered plasma cells. 
Portal triads exhibit variable amounts of 
fibrosis, moderate biliary hyperplasia, and 
macrophages with deposits of golden-brown 
intracytoplasmic material (presumed 
lipogranulomas). Diffusely there is moderate 

 
Figure 3-1. Penis, dog. A lobulated mass is present at 
the caudal part of the penis. (Photo courtesy of:  
Department of Veterinary Medicine, University of 
Cambridge, Madingley Road, Cambridge CB30ES, UK  
https://www.vet.cam.ac.uk) 
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to severe hyperplasia and hypertrophy of 
hepatic stellate (Ito) cells. 
 
Present beneath the mucosa of the penis (not 
submitted) is a densely cellular, moderately 
well-demarcated with a thin fibrous 
connective tissue capsule or a pseudocapsule 
neoplastic mass, which in some areas forms 
lobules. Neoplastic cells are arranged in 
densely packed sheets that are supported by 
thin collagenous or fibrovascular stroma. 
Neoplastic cells are similar to the ones 
described above. Peripheral to the mass are 
small numbers of plasma cells and fewer 
numbers of lymphocytes. The epidermis 
overlying these sections of haired skin is 
diffusely ulcerated (not submitted). Present 
within the sections is a densely cellular, 
moderately well demarcated, non-
encapsulated neoplastic mass that comp-
resses the adjacent dermis, subcutaneous 
tissues, and underlying skeletal muscle. 
Neoplastic cells are arranged in densely 
packed sheets that are supported by a thin 
collagenous stroma or more prominent 

fibrovascular connective tissue stroma. 
Individual neoplastic cells are very similar as 
the ones described above. Mitoses are 29 per 
10 HPFs (2.37mm2), with some being 
bizarre. Scattered small to moderate sized 
areas of necrosis and neutrophil accum-
ulation and fibrin deposits are present 
throughout the mass. Multifocally periph-
erally blood vessels to the mass exhibit small 
number of plasma cells and fewer 
lymphocytes. The ulcerated area exhibits 
moderate number of viable and degenerated 
neutrophils, cellular debris, and fibrin 
deposits. The rest of the overlying epidermis 
and adjacent dermis is within normal limits. 
 
Immunohistochemistry showed neoplastic 
cells positive staining for vimentin. 
Neoplastic cells did not exhibit positive 
staining for CD3, CD79a, and IBA1. 
Neoplastic cells were negative for toluidine 
blue staining. 
 
Contributor’s Morphologic Diagnoses:  
Metastatic canine transmissible venereal 
tumor to liver. 
 
Contributor’s Comment:   
Canine transmissible venereal tumor 
(CTVT), also called Sticker’s sarcoma, 
transmissible venereal sarcoma, venereal 
granuloma and infectious sarcoma, is a 
contagious tumor that propagates naturally in 
dogs usually during coitus, licking, sniffing, 
and other interaction between an affected dog 
and another dog.2,6,7 The other contagious 
known tumors are the Tasmanian devil facial 
tumor disease14 and a similar tumor in Syrian 
Hamsters.  
 

 
Figure 3-2. Liver, dog.  There are multiple discrete firm 
white smooth nodular masses. The masses are well-
demarcated, and partially encapsulated. (Photo 
courtesy of:  Department of Veterinary Medicine, 
University of Cambridge, Madingley Road, Cambridge 
CB30ES, UK  https://www.vet.cam.ac.uk) 
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CTVT is a naturally occurring allogenic 
tumor that is transmitted by living neoplastic 
cells from dog to dog.3,7,13 The number of 
diploid chromosomes in the dog is 78, 
whereas there are 58 or 59 chromosomes in 
cells of CTVT.3 Cells of the CTVT can be 
recognized by their chromosomes.11 CTVT is 
the oldest known somatic cell lineage, that 
arose in a single dog over 11,000 years ago 
and spread across continents some 500 years 
ago.3 CTVT may have first arisen within a 
genetically isolated population of early dogs 
whose limited genetic diversity facilitated the 
cancer’s escape from its hosts immune 
systems.7 The first known report of this 
tumor was made in 1810 by a London 
veterinary practitioner. CTVT cells 
commonly harbor a retrotransposon upstream 
from the c-myc oncogene that is a molecular 
fingerprint for the tumour.3 
 
CTVT has been unusual in many regards, 
however during the last few years more cases 
have been seen in countries that used to have 
low case numbers. CTVT has been reported 
from all continents except Antarctica.2 CTVT 
is a rare tumor in household pet dogs, but 
relatively common in stray dog populations 
in some countries, especially in tropical and 
subtropical 
regions.3 
 
CTVT is most 
often present on the 
external genitalia, 
but it can be 
implanted on the 
oral cavity, nasal 
mucosa, 
conjunctival 
mucosa, and skin. 
The tumor usually 
develops locally in 
affected areas and 
metastases are rare, 
but can occur in 

approximately 1.5 to 6% of infected dogs12 to 
inguinal and iliac nodes, brain, and other 
viscera3 and underlying tissues such as 
skeletal muscle. Extragenital presentations of 
CTVT can occur without genital lesions. 
CTVT cells grow typically in the submucosa 
of the external genitalia, which may be 
ulcerated and bleeding from the site can 
occur. Tumors vary in size, up to 10cm in 
diameter3,13 and may invade underlying 
tissues. Regression of tumors can occur when 
a rich lymphocytic infiltrate is present 
throughout the mass within 6 months.15 
However, in immunologically compromised 
dog’s tumors can persist and metastases to 
distant organs can occur. Vincristine is 
known to be an effective treatment of CTVT, 
and in some cases a combination with 
surgery, doxorubicin or radiotherapy has 
been used.13 In this case unfortunately the 
dog failed to respond to treatment and 
euthanasia was performed. CTVT cells are 
arranged in sheets and cords, are round or 
oval with scant cytoplasm that is sometimes 
vacuolated and have variably distinct cell 
borders.1 Nuclei are central, large, oval or 
round, coarsely aggregated chromatin and a 
single prominent nucleolus. Mitotic figures 
are common and many are bizarre.9 

 
Figure 3-3. Liver, dog. An encapsulated neoplasm is present within the liver. (HE, 4X)  
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The supporting fibrovascular stroma is 
usually scant at early stages, but if the tumor 
is under regression the stroma is more 
abundant and T lymphocytes5 and other 
inflammatory cells are evident throughout the 
neoplastic tissue.     
 
The histogenesis of CTVT cells is still poorly 
defined and incompletely characterized.3 
Neoplastic cells are variably labelled for 
vimentin and CD18, further suggesting a 
histiocytic origin.3,9 Immunoreactivity for 
lysozyme and alpha-1-antitrypsin can be 
detected in some CTVT cells.  
 
On routine H&E sections differential 
diagnoses of CTVT cells are other round cell 
tumors, including histiocytoma, lymphoma, 
and mast cell tumor, and cytological features 
can be subtle.1,2,3,5,6,9,11,13 Less common 
differential diagnoses are amelanotic mela-
nomas and poorly differentiated carcinomas. 
CTVT cells usually have low nuclear-to-
cytoplasm ratios and distinct small 
cytoplasmic vacuoles.4 Histology and 

cytology examination can be diagnostic for 
CTVT however, it is crucial to consider the 
tumor site and clinical history for diag-
nosis.2,3,4,9,11,12,13,14 The current case is an 
unusual presentation of a CTVT in liver and 
lymph nodes, being the primary neoplastic 
site the base of the penis. The combined use 
of a panel of antibodies in conjunction with 
microscopic assessment could facilitate the 
diagnosis of extragenital CTVT and difficult 
cases where no obvious primary tumor is 
present. 
 
Contributing Institution:  
Department of Veterinary Medicine, The 
Queen's Veterinary School Hospital, 
University of Cambridge. Cambridge CB3 
0ES, UK. 
  
JPC Diagnosis: 
Liver:  Metastatic transmissible venereal 
tumor.    

 

 
Figure 3-4. Liver, dog. Neoplastic cells are arranged in nets and packets on a fine fibrovascular stroma Individual neoplastic cells 
are round, with scant to moderate amount of eosinophilic to light basophilic cytoplasm with distinct cell borders. Nuclei are large, 
oval to round with coarsely aggregated chromatin and a central nucleolus. (HE, 400X)  (Photo courtesy of:  Department of 
Veterinary Medicine, University of Cambridge, Madingley Road, Cambridge CB30ES, UK  https://www.vet.cam.ac.uk) 
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JPC Comment:   
The contributor provides an excellent 
synopsis of canine transmissible venereal 
tumor (CTVT), a naturally occurring 
parasitic allograft. This transmissible 
neoplasm is commonly associated with 
canines with free outdoor access (such as 
strays) and is endemic in more than 90 
countries, most commonly in tropical and 
subtropical regions.9  Although CTVT only 
occurs naturally in dogs, experimental 
infection has been reported in other canids 
such as foxes, coyotes, and jackals.2   
 
Clinically, CTVT typically exhibits a 
predictable cycle characterized by an initial 
growth phase (P phase) over 4-6 months, 
followed by a stable phase, and finally a 
regression phase (R phase), although not all 
tumors regress.  Histologically, high numbers 
of mast cells and small caliber blood vessels 
are commonly observed at the leading margin 
of progressing tumors while regressing 
tumors have increased numbers of 
lymphocytes, predominantly composed of T 
cells.  During the P phase, tumor cells 
typically exhibit a round cell morphology, 
while cells in the stable phase undergo 
transition from round cells to spindle cells, 
which become vacuolated and are associated 

with increased collagenous matrix during the 
regression phase. Unsurprisingly, mitotic 
counts and telemerase activity is higher 
during the P phase.2 

 
Spontaneous tumor regression is predo-
minantly mediated by the host’s immune 
response, namely as the result of IgG 
antibody formation that begins after 
approximately 40 days of tumor growth, 
which also prevents reinfection in immune-
logically competent hosts.  In addition, 
newborn pups born to immune dams are also 
resistant and achieve remission more quickly 
than those born to non-immune dams.2   
 
CTVTs evade the host immune response via 
several mechanisms, including down 
regulation of their MHC genes, resulting in 
complete inhibition of MHC II while 
approximately 10% of MHC I genes are 
expressed.  This pattern of MHC suppression 
without complete inhibition is crucial in 
regard to the neoplasm’s ability to evade 
detection by the host’s immune system as 
complete masking of MHC I genes tends to 
result in the upregulation of natural killer cell 
activity while a low “background” level of 
MHC I expression prevents this activation 
while also effectively masking the cells from 
the host’s immune system.  Additionally, 
CTVT suppresses the immune system by 
secreting TGF-β1 and circulating monocytes 
are frequently depressed up to 40%.  In 
addition, the CTVT is associated with 
impaired efficiency in which mature 
dendritic cells are generated from monocytes 
and immature dendritic cells.2    
 

As noted by the contributor, CTVT can be 
histologically difficult to differentiate from 
other round cell tumors, such as histio-
cytoma, lymphosarcoma, and mast cell 
tumors.  In addition to vimentin, lysozyme, 
and α-1-antitrypsin CTVT cells may also 
demonstrate immunoreactivity for glial 

 
Figure 3-5. Liver, dog. Neoplastic cells stain strongly 
immunopositive for vimentin (antivimentin, 400X)  
(Photo courtesy of:  Department of Veterinary 
Medicine, University of Cambridge, Madingley Road, 
Cambridge CB30ES, UK  https://www.vet.cam.ac.uk) 
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fibrillary acidic protein while being negative 
for cytokeratins, S100, and muscle markers.2  
 
The Tasmanian devil facial tumor (TDFT) is 
another transmissible tumor that was first 
noted in 1996 and is restricted to the island of 
Tasmania, the only natural habitat of 
Tasmanian devils. Estimates from 2004-2007 
estimated the disease was endemic to 70% of 
the island, decimating up to 90% of 
Tasmanian devil populations in some 
regions. This rapid spread is likely 
attributable to multiple behavioral character-
istics of devils, which are non-territorial, 
roam up to 27km2, and also frequently bite 
others during feeding, fighting, and mating, 
facilitating transfer of transmissible tumor 
cells.  In contrast to CTVTs which often 
stabilize and/or regress, TDFTs frequently 
occur on the face and mouth resulting in 
severe disfigurement and do not regress; 
approximately 65% undergoing metastasis to 
visceral organs, most commonly to the 
lungs.8  
 
Histologically, TDFTs are composed of 
round cells and are characterized as 
undifferentiated, infiltrative mesenchymal 
neoplasms within a pseudocapsule supported 
by fibrovascular stroma and are often 
ulcerated.  Initially, TDFTs were thought to 
be of neuroendocrine origin due to 
expression neuron specific enolase, 
synaptophysin, and vimentin. However, 
recent research has found tumor cells also 
produce periaxin, a protein specific to 
Schwann cells; periaxin is now considered a 
sensitive and specific diagnostic marker for 
these tumors.  Given both Schwann and 
neuroendocrine cells are derived from the 
neural crest, it is likely TDFTs originated 
from a precursor neural crest cell.8    
 
DFTD presents a serious risk to Tasmanian 
devils, which may be extinct in the wild in as 
few as 35 years.  Given their behavioral 

characteristics and limited geographic 
distribution, few options exist to prevent their 
extinction short of isolating unaffected 
animals and culling those affected.  However, 
recent development of a potential vaccine 
may offer a new approach toward thwarting 
the extinction of this unique species.8 
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CASE IV:  21-199 (JPC 4167919)   
 
Signalment:  
Male, Warmblood, fetus, ~ 180-210 days 
gestation (estimated) 
 
History:  
Fetus found in the morning with mare having 
aborted overnight. No preceding clinical 
signs. Mare had Potomac horse fever in the 
fall. No other recent changes, closed herd. 
 
Gross Pathology:  
Gross examination of the submitted fetus 
(estimated gestational age of 180 to 210 days) 
and associated placenta revealed evidence of 
enlarged/non-collapsed, mildly firm, lungs 
and faint, generalized, myocardial pallor. The 
liver is enlarged and pale and dotted with 

faint, pin-point foci of pallor. Lymphoid 
follicular hyperplasia was within the splenic 
white pulp accompanied by generalized 
lymphadenomegaly and an enlarged pale 
thymus. 
 
Laboratory Results: 
EHV 1 and 4 PCR (pooled lung, liver, and 
spleen) – Negative  
Potomac Horse Fever PCR (pooled lung, 
liver, and placenta) - Positive 
 
Microscopic Description: 
Heart, left and right ventricles: Sections of 
left and right ventricular myocardium are 
examined, and both contain similar changes. 
The sections are dotted with moderately 
cellular and often vasocentric foci of 
inflammation. The perivascular to interstitial 
infiltrates consist of lymphocytes, 
macrophages, fewer plasma cells and rare 
neutrophils. The inflammatory cells often 
infiltrate the vessel walls (interpreted as 
lymphohistiocytic vasculitis) and are 
accompanied by mild to moderate expansion  

 
Figure 4-1. Viscera in situ, equine abortus. The lungs are 
enlarged and firm.  The myocardium demonstrates 
diffuse pallor and there are scattered pale areas within 
the liver. (Photo courtesy of Department of Veterinary 
Clinical and Diagnostic Sciences within the Faculty of 
Veterinary Medicine, University of Calgary. 
https://vet.ucalgary.ca/) 
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of the vascular adventitia, and adjacent 
myocardial interstitium, by clear edema fluid.  
The endothelial cells lining affected vessels, 
and interstitial fibroblasts, are plump with 
vesicular nuclei (interpreted as reactive 
change). The cardiomyocytes separated by 
inflammatory cells and attendant edema are 
frequently pale with perinuclear clearing to 
vacuolation and plump/vesicular nuclei 
(degenerative change suggestive of 
cardiomyocyte injury). Similar inflammatory 
infiltrates are noted within the lining 
epicardium. 
 
Lymph node, mediastinal: The capsule as 
well as capsular and hilar vessels are 
expanded and infiltrated by variable dense 
inflammatory infiltrates composed predo-
minantly of lymphocytes and macrophages. 
Occasional vessels contain luminal 
aggregates of eosinophilic fibrillar material 
(interpreted as fibrin) accompanied by 
marginated and subintimal inflammatory 
cells. The cortices are dotted with prominent 
secondary follicles (follicular hyperplasia) 
similar edema and variably dense 
lymphohistiocytic infiltrates noted within the 

supporting capsule, interstitium, and vascular 
adventitia. The subcapsular and medullary 
sinuses are moderately distended with 
mixtures of acute hemorrhage, circulating 
mononuclear cells, and foamy to debris-laden 
macrophages. Subjectively, increased 
numbers of plasma cells distend the 
medullary cords. Similar vasocentric foci of 
inflammation are noted amongst the 
surrounding adipose tissue. Some sections of 
lymph node also contained extensive regions 
of acute necrosis. 
 
Additional histopathological findings: 
Small intestine: Lymphohistiocytic enteritis, 
moderate, subacute  
Lung: Interstitial pneumonia, lymphohistio-
cytic, moderate, subacute, diffuse  
Liver: Lymphohistiocytic portal hepatitis, 
mild, diffuse 
Kidney: Lymphohistiocytic interstitial 
nephritis, moderate, diffuse with acute 
tubular injury and necrosis 
Adrenal gland: Lymphohistiocytic adrenal-
itis, perivascular and interstitial, moderate, 
subacute 
Spleen, white pulp: Follicular hyperplasia, 
moderate 
 

Contributor's Morphologic Diagnoses: 
1. Heart, left and right ventricle: Interstitial 

myocarditis and vasculitis, 
lymphohistiocytic, multifocal, subacute, 
moderate with perivascular and 
interstitial edema. 

2. Lymph node, mediastinal: Vasculitis and 
lymphadenitis, lymphohistiocytic, 
multifocal, subacute, with cortical 
follicular hyperplasia. 

 
 
 
 
 
 

 
Figure 4-2. Heart, equine abortus. The myocardium has 
retiform areas of pallor which bulge minimally outward 
on presentation.  (Photo courtesy of Department of 
Veterinary Clinical and Diagnostic Sciences within the 
Faculty of Veterinary Medicine, University of Calgary. 
https://vet.ucalgary.ca/) 
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Contributor’s Comment:   
The lesions found within the heart, liver, 
lymph node, and intestine of this aborted 
fetus are characteristic pathological findings 
described in fetuses aborted due to an 
underlying Neorickettsia risticii infection 
(Potomac horse fever). Typical necropsy 
findings found non-pregnant horses dying 
from Potomac horse fever (PHF) include 
enterocolitis with abortion occurring in 
pregnant mares following clinical recovery. 
Abortions due to PHF have been reported to 
occur anywhere from between 166- to 226-
days gestation, with clinical illness being 
reported anywhere from 68- to 143-days of 
gestation. Clinical signs reported in the 
pregnant mares, prior to abortion, are similar 
to those reported in nonpregnant horses 
(gastrointestinal hypermotility or diarrhea, 
fever, dehydration, depression, tachypnea, 
tachycardia, and anorexia). Neorickettsia 
risticii is not included in the listed causes of 
equine abortion in several large case 
reviews5,6,8 and textbooks15 related to equine 
abortion and neonatal loss, despite the few 
reports being found in the literature.3,9  
 
Neorickettsia spp. bacteria replicate 
intracellularly within host cells (within a 
phagolysosome) and often use trematode 
hosts. Various trematode species (affecting 

all levels of the life cycle) found throughout 
Canada and the United States act as hosts for 
this bacterium with the trematodes often 
being situated within their own insect (e.g. 
damselflies, caddisflies, stoneflies, mayflies, 
etc.) or snail hosts.11,12,13  Infection is thought 
to occur most commonly in horses housed 
around creeks or other bodies of water 
through accidental ingestion of snails or 
aquatic insects harboring N. risticii-infected 
trematodes. Following ingestion, the 
incubation period is approximately 9 to 14 
days and diarrhea typically 1 to 3 days 
following the onset of fever. Many cases are 
subclinical with some horse developing 
clinical disease of PHF. It is thought that this 
and similar rickettsiae have an affinity for 
monocytes and intestinal epithelial cells4 
with infection sometimes resulting in cellular 
injury/necrosis and attendant lympho-
histiocytic inflammation. The mechanism 
through which the bacteria inoculate the 
target cells (monocytes and enterocytes) is 
not known but may resemble that of 
Neorickettsia helmintheca in cases of salmon 
poisoning disease in dogs. Infection via 
inoculation of enterocytes and circulation 
monocytes may account for the bacteria 
dissemination with enteric and vasocentric 

 
Figure 4-3. Spleen, equine abortus. There is marked 
hyperplasia of the splenic white pulp.  (Photo courtesy 
of Department of Veterinary Clinical and Diagnostic 
Sciences within the Faculty of Veterinary Medicine, 
University of Calgary. https://vet.ucalgary.ca/) 

 
Figure 4-4. Heart, lymph node, equine abortus. At 
subgross magnification, there are multifocal cellular 
infiltrates within the myocardium (left), and normal 
nodal architecture is disorganized with multifocal mild 
sinusoidal hemorrhage (right). (HE, 6X) 
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lesions found in the intestine and a variety of 
organ tissues, including the heart, liver, lung, 
spleen, lymph nodes, and adrenal gland in 
fetal tissues. Demonstration of intracellular 
bacteria and morula in affected organ tissues 
can be difficult using special stains (e.g. 
Romanowsky stain) and confirmatory 
diagnosis often relies on PCR testing and 
sequencing.  
 
Natural infections caused by N. risticii have 
been infrequently reported in cats and dogs 
with clinical signs (including anorexia, 
depression, lethargy, fever, vomiting, 
diarrhea, lymphadenomegaly, weightloss, 
lameness, polyarthritis) often resembling 
those of N. risticii infection in horses and N. 
helmonthica in dogs.7  
 
Contributing Institution:  
Department of Veterinary Clinical and 
Diagnostic Sciences within the Faculty of 
Veterinary Medicine, University of Calgary.  
https://vet.ucalgary.ca/  

 

JPC Diagnoses: 
1. Heart: Pancarditis and vasculitis, 

lymphohistiocytic, multifocal to 
coalescing, severe, with multifocal 
myofiber degeneration, necrosis, and 
loss. 

2. Lymph node:  Reactive hyperplasia, 
diffuse, mild to moderate with 
lymphocytolysis, medullary 
plasmacytosis, and lymphohistocytic 
vasculitis. 

3. Perinodal fat:  Steatitis, 
lymphohistiocytic, multifocal, mild. 

    
JPC Comment:   
“Potomac horse fever” (PHF) was first 
recognized as a clinical entity in horses in 
1979 by veterinarians in Montgomery 
County, Maryland and Fairfax and Loudon 
counties, Virginia.  Most cases occurred in 
horses located “within a mile or two” of a six 
mile long segment of the Potomac River.  
Between 1982 and 1986, cases dramatically 
increased in the same region, leading to 
speculation of a new disease, which was 
initially known as “Acute  

 
Figure 4-5. Heart, equine abortus.  Moderate numbers of lymphocytes and macrophages expand the interstitium (right), and are 
present in perivascular areas (left).  (HE, 195X)) 

about:blank
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Equine Diarrhea Syndrome” (AEDS).  
Although first thought to be localized to a 
focal area adjacent to the Potomac River, 
PHF has since been recognized in 43 states of 
the United States, three provinces of Canada, 
and has been documented in France, the 
Netherlands, and Brazil.2,10  In addition to 
PHF, this entity is also known as “equine 
ehrlichial colitis” (EEC), “equine monocytic 
ehrlichiosis” (EME), “Shasta River Crud”, 
“churrio”, and “churrido equino”.2  
Interestingly, the term “Potomac horse fever” 
is credited to a reporter covering the initial 
outbreak in Maryland, though the term 
"equine neorickettsiosis" may be more 
appropriate given its distribution.2,14   
 
In 1984, a rickettsial organism was identified 
in tissue from a pony experimentally infected 
with PHF by researchers using transmission 
electron microscopy. The organism was 
suggested to belong to genus Ehrlichia given 
its round shape and location within 
histiocytic cell vacuoles and was named 
Ehrlichia risticii.  The bacterium was 
subsequently renamed Neorickettsia risticii 
in 2001.  N. risticii is a gram-negative coccus 
and stains dark blue to purple with Giemsa 
and Romanowsky’s stains. Serologic 
diagnosis using indirect fluorescent antibody 

(IFA) testing is available but can pose a 
diagnostic challenge for clinicians.  Although 
a 4-fold titer increase is considered 
diagnostic, antibody levels reach a high point 
within a few days of infection, requiring 
collection of serum samples early in the 
disease process.  Previously exposed horses 
may have a titer of 1:640 for over a year, 
therefore IFA test titers collected after the 
initial antibody spike are unable to 
distinguish between active or past infection, 
nor vaccination.2  Isolation of R. risticii in cell 
culture is the gold standard for diagnosis, 
though this method is both time consuming 
and often unavailable as a commercial 
service.1  Confirmatory diagnosis therefore 
often relies on detection of N. risticii DNA 
via PCR testing and sequencing as previously 
noted by the contributor.1,2  A recent report 
noted feces were the optimal sample utilized 
for PCR detection, followed by blood.1  
 
PHF typically occurs on a seasonal basis, 
with the majority of infections occurring 
during the late summer months, with nearly 
70% of the 904 cases reported during the 
1982 and 1986 outbreak occurring during 
July and August.  Acute infection in adult 
horses is typically characterized by of 

 
Figure 4-6. Heart, equine abortus.  High magnification of 
the interstitial myocardial infiltrate.  (HE, 400X) (Photo 
courtesy of Department of Veterinary Clinical and 
Diagnostic Sciences within the Faculty of Veterinary 
Medicine, University of Calgary. https://vet.ucalgary.ca/) 

 
Figure 4-7. Lymph node, equine abortus.  There is 
disorganized cortical hyperplasia with numerous 
tingible body macrophages.  Sinuses contain numerous 
macrophages.  (HE, 400X) (Photo courtesy of 
Department of Veterinary Clinical and Diagnostic 
Sciences within the Faculty of Veterinary Medicine, 
University of Calgary. https://vet.ucalgary.ca/) 

about:blank
about:blank


26 
 

depression, anorexia, and fever followed by 
moderate to severe diarrhea in approximately 
60% of horses that may persist for up to 10 
days with a consistency ranging from profuse 
and watery to “cow-pie-like”. Additional 
clinical signs may include laminitis in 15-
30% of PHF cases, subcutaneous edema 
along the ventral abdomen and limbs, and 
congested mucous membranes with elevated 
heart and respiration rates as the result of 
cardiovascular compromise secondary to 
both toxemia and dehydration.  Overall, the 
mortality rate of PHF ranges between 17% 
and 36%, with some cases requiring 
euthanasia due to secondary complications 
such as laminitis.2 

 
Experimental cases of PHF are associated 
with a leukopenia (<5.0 x 109/L) between 8-
19 days post infection in up to 90% of horses, 
followed by a leukocytosis (>14.0 x 109/L) 
between 13 to 30 days post infection in 
approximately 50% of horses.  Clinical 
biochemistry results are non-specific.2  
 
Although thought to be a focal entity 
affecting the eastern United States in 1979, 
the disease now known as PHF was likely 
described over half a century earlier by Dr. 
Frank Schofield in 1924 while investigating 
a locally endemic disease in Kent and Essex 
counties of Ontario. The disease was 
colloquially known by farmers as “cholera”, 
“horse cholera”, and “abdominal typhoid”. 
Dr. Schofield described nearly identical 
clinical signs in horses affected with PHF, 
which occurred from the middle of July 
through the beginning of August.  Schofield 
also astutely noted the disease’s geographic 
pattern of distribution, observing, “There is a 
definite relationship between the water front 
and the occurrence of disease” and “…one 
might say that the zone of infection extends 
from the water front to a distance of about 
five miles inland”. In addition, Schofield 
noted mayflies (Ephemerida) were found in 

unusually high numbers in areas with the 
highest prevalence of disease, stating “…the 
disease always appears a few days after the 
May flies appear, and is at its worst by the 
time the May flies disappear.”2 

 

As noted by the contributor, the life cycle of 
N. risticii is predominantly dependent on 
trematodes.  This infection is thought to be a 
commensal or mutualistic relationship as 
infected trematodes do not appear to be 
negatively affected. In the eastern United 
States, the maintenance host of N. risticii is 
Acanthatrium oregonese. This digenic 
trematode has a complex life cycle, including 
miracidia and procytes in snail hosts, free-
swimming cercariae, metacercariae in 
aquatic insects (e.g. caddis and mayflies) and 
egg laying adults that reside in the intestinal 
lumen of insectivorous bats. N. risticii 
undergoes vertical transmission with transo-
varial passage in trematodes.  Follow-ing a 
rise in water temperatures, infected snails 
release N. risticii infected cercaria into the 
water, which develop into metacercariae, and 
subsequently infect second intermediate 
hosts such as fish, amphibians, birds, reptiles, 
and mammals.  In one study using PCR and 
sequence analysis in an N. risticii endemic 

 
Figure 4-8. Lymph node, equine abortus. The 
infiltration of arteriolar adventitia by macrophages and 
lymphocytes is especially profound in the submitted 
node.  (HE, 400X) (Photo courtesy of Department of 
Veterinary Clinical and Diagnostic Sciences within the 
Faculty of Veterinary Medicine, University of Calgary. 
https://vet.ucalgary.ca/) 
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region, the pathogen was detected in 
immature and adult caddisflies (Trichoptera), 
mayflies (Ephemeroptera), damselflies 
(Odonata, Zygoptera), dragonflies (Odonata, 
Anisoptera), and stone flies (Plecoptera) with 
an overall prevalence of 31.9%.2  Following 
their emergence, mayflies have been reported 
to travel as far as 8km inland, which may 
explain infections of animals lacking access 
to contaminated rivers and lakes.1 

 

In 1991, a novel species of Neorickettsia also 
capable of also causing PHF was identified in 
a horse from Findlay, Ohio and is now known 
as N. findlayensis. In 2017, this entity was 
identified in two symptomatic horses in 
Ontario via culture that were PCR negative 
for N. risticii. Therefore, N. finlayensis 
infection may present as a potential con-
founder when PHF is suspected but PCR 
testing is negative.1 

 
Additional causes of equine abortion 
discussed by the moderator included 
numerous bacterial, mycotic, and viral 
etiologies in addition to toxins, genetic and 
nutritional disorders, twinning, umbilical 
cord torsion, and placental separation.   
 
Both the moderator and conference 
participants believed the histologic lesions in 
the submitted tissues were non-specific and 
definitive diagnosis of equine neorickett-
siosis without the use of additional 
diagnostics, such as PCR in this case, would 
be challenging. Additional differentials 
discussed associated with similar lesions in 
fetal tissue include Neospora sp., Toxo-
plasma gondii, equine herpesvirus-1, equine 
arteritis virus, and N. risticii.  Differentials 
for similar lesions in adult tissues included 
Anaplasma phagocytophilium, Lesimania 
sp., Trypanosoma sp., Neospora sp., equine 
herpesvirus-1, and Toxoplasma gondii.  
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WSC 2021-2022 Self-assessment 

Conference 14 

 

1. What is the main mode of transmission of small ruminant lentivirus? 

a. Aerosol 

b. Orofecal 

c. Urine 

d. Infected milk 

 

2. Which of the following lesions is NOT seen with Mycoplasma agalactiae? 

a. Pneumonia 

b. Keratoconjunctivitis 

c. Septicemia 

d. Polyarthritis 

 

3. Which of the following is NOT true of seminoma in the dog? 

a. It is the most common sex cord tumor in the dog. 

b. They are typically benign. 

c. They are hormonally inactive. 

d. They are occasionally seen in cryptorchid testes. 

 

4. Canine transmissible venereal tumor arises from which of the following? 

a. Histiocytes 

b. Schwann cells 

c. Fibrocytes 

d. Endothelium 

 

5. Which of the following is used as a host species by Neorickettsia risticii? 

a. Nematode 

b. Trematode 

c. Cestode 

d. Insect 
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by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 20N-0086 (JPC 4153158)    
 
Signalment:  
9-year-old, spayed female, Otterhound 
(Canis familiaris), canine 
 
History:  
The dog had an approximately 3-week 
history of right forelimb lameness with a 
swollen, warm, painful elbow joint that was 
nonresponsive to nonsteroidal anti-inflam-
matory drugs. Bilateral elbow radiographs 
showed a right fragmented medial coronoid 
process with mild degenerative joint disease. 
A complete blood count was performed and 
revealed a mild thrombocytosis (651 x 
103/μL), leukocytosis (15.6 x 103/μL), and 
neutrophilia (13.3 x 103/μL) and a 
presumptive diagnosis of septic arthritis was 
made. The night before presentation to 
necropsy, the owner reported an increased 
respiratory rate and effort. The following 
morning, the dog was found deceased. 

Gross Pathology:  
Gross examination revealed diffuse 
generalized muscle wasting. The lungs were 
diffusely heavy. Scattered throughout all 
lung lobes were pinpoint to 2 mm in diameter 

tan to red to dark red foci that extended into 
the parenchyma on cut surface. On cut 
surface, the lungs exuded a moderate amount 
of dark red watery to foamy fluid. The 
trachea contained a moderate amount of tan 
to red foamy fluid.  

Lateral to the right elbow joint, there was a 
multicavitated structure that exuded a mild 
amount of tan watery fluid and extended 
caudally and proximally encircling the 
olecranon and dissecting through the 
surrounding musculature. This structure did 
not directly communicate with the elbow  

 
Figure 1-1. Lung, dog.  At subgross magnification, fully 
half of the alveoli are filled with a cellular infiltrate, 
and another 30% are filled with edema fluid. (HE, 4X)  

 



 

 

joint but did infiltrate the synovium 
externally. The olecranon also had multifocal 
areas of boney lysis and the proximal tip was 
markedly friable. There was a fragment on 
the proximal-medial surface of the ulna that 
was similar in color and texture to the 
adjacent bone (fragmented medial coronoid 
process). There was also mild roughening 
and thinning of the articular cartilage in the 
right elbow joint (degenerative joint disease). 
The synovial fluid in the joint was clear with 
the viscosity of saliva. 
 
Laboratory Results: 
4DX SNAP: Negative x 4 

Bilateral elbow radiographs revealed a right 
fragmented medial coronoid process with 
mild degenerative joint disease. The left 
elbow was within normal limits. 

Synovial fluid analysis revealed a markedly 
increased protein concentration; however, 

interpretation was inconclusive due to 
hemodiluted sample. 

Aerobic and anaerobic culture of the right 
joint demonstrated no growth after 7 days. 

CBC: mild thrombocytosis (651 x 10^3/ μL), 
leukocytosis (15.6 x 10^3/ μL), and 
neutrophilia (13.3 x 10^3/ μL) 

Serum chemistry: Within normal limits 

Microscopic Description:  
Lung: Affecting approximately 50 to 90% of 
the examined sections, there is marked 
infiltration, expansion, and replacement of 
alveoli, terminal bronchioles, and less often 
alveolar septa by a densely cellular inflam-
matory infiltrate. Inflammatory cells are 
composed predominately of foamy and 
epithelioid macrophages and viable and 
degenerative neutrophils with fewer multi-
nucleated giant cells (foreign body and 

 
Figure 1-2.  Lung, dog.  Alveoli are filled with varying combinations of spindled epithelioid macrophages, foamy alveolar 
macrophages, neutrophils, and lymphocytes.  Yeasts consistent with B. dermatitidis are scattered throughout the section. (black 
arrows) There are rare siderophages (upper left). (HE, 4X)  



 

 

Langhans types), lymphocytes and plasma 
cells. Inflammatory cells form disorganized 
loose aggregates that expand nearly all 
alveoli and bronchioles to varying degrees 
but also occasionally form poorly organized 
pyogranulomas that are variably surrounded 
by a thin wall of fibrous connective tissue. In 
the most severely inflamed regions, there is 
multifocal to coalescing coagulative necrosis 
with retention of cellular architecture but loss 
of differential staining, which affects 
approximately 20%-60% of the tissue.  

Within areas of inflammation and necrosis, 
there are numerous extracellular and 
intrahistiocytic (including multinucleate 
giant cells), 5-30 μm in diameter, round yeast 
with a 1-2 μm distinct double-contoured 
refractile wall. They typically lack nuclear 
material / protoplasm and rarely exhibit 
broad-based budding. In less affected areas, 
alveoli contain fibrillar material (fibrin), 
hemorrhage, eosinophilic proteinaceous 
edema fluid and mildly increased numbers of 
foamy macrophages and neutrophils. Vessels 
are diffusely congested and variably lined by 
hypertrophied endothelial cells. Large caliber 
bronchioles and bronchi are largely 
unaffected but do contain a small amount of 
sloughed epithelial cells (postmortem 
autolysis) and erythrocytes, and the 
submucosal connective tissue is infiltrated by 

individual to loosely arranged small clusters 
of lymphocytes and plasma cells with fewer 
macrophages and neutrophils. 

Tissue from around the right elbow (not 
submitted) is affected by pyogranulomatous 
inflammation containing numerous yeasts 
similar to those described in the lung. 
 
Contributor’s Morphologic Diagnoses:  
Lungs: marked, multifocal to coalescing, 
pyogranulomatous interstitial pneumonia 
with myriad intrahistiocytic and extracellular 
broad-based budding yeasts consistent with 
Blastomyces dermatitidis (pulmonary blasto-
mycosis) 
 
Contributor’s Comment:  
The histologic changes in this case represent 
a classic presentation of pulmonary blasto-
mysosis caused by Blastomyces dermatitidis. 
Blastomycosis is a fungal disease that 
primarily affects dogs and humans and most 
commonly presents as pulmonary disease. 
Infection is typically acquired through 
inhalation of the environmental saprophytic 
mycelial form of the fungus (Ajellomyces 
dermatitidis) that, once within airways and at 
body temperature, propagates into yeast 
forms and establishes a primary infection in 
the lungs.3,8 After a primary infection is 
established, it can spread hematogenously 
throughout the body, with the eyes, skin, 
subcutis, lymph nodes, bones, and joints 
among the most common sites of 
dissemination.3,8 Although there have been 
rare reports of focal cutaneous infections 
from direct inoculation, and, within humans, 
rare reports of extrapulmonary infection, 
notably bone, without a known route of 
inoculation, in cases where the lungs are 

 
Figure 1-3. Lung, dog.  High magnification of 
extracellular B. dermatitidis. (HE, 1100X) 

 



 

 

affected, the extrapulmonary lesions are 
generally regarded as sites of dissemination 
from the lungs rather than sites of primary 
inoculation.3, 5-9 In the dog of this case, along 
with the lungs, the connective tissue and 
skeletal muscle surrounding the right elbow 
were also affected. Although the dog initially 
presented for clinical signs referring to the 
elbow, based on the severity of pulmonary 
lesions, known pathogenesis of Blastomyces, 
and absence of a clinical history of 
penetrating trauma to the elbow, we favor 
primary pulmonary infection with dissem-
ination to the joint. The lack of nuclear 
material / protoplasm in the yeasts in this case 
was interpreted as autolytic change.  
 
Within the United States, Blastomyces 
dermatitidis is endemic to the Ohio River 
valleys, Mississippi, Missouri, and the mid-
Atlantic states and is considered highly 
endemic along waterways in North Central 
Wisconsin, specifically near Eagle River.1,3 
Defining the environmental niche of 
Blastomyces has been challenging due to 
difficulty isolating the organism from soil; 
however, a study of the endemic area of 
North Central Wisconsin revealed close 
proximity to waterways to be a risk factor for 
blastomycosis, which is part of what makes 
this region ideal for growth of the 
organism.1,11 Other environmental conditions 
that have been demonstrated to support its 
growth include acidic sandy soil, animal 
waste products, and wood by-products.3,8 

Immunologic response to the Blastomyces 
infection is primarily mediated though a T-
helper-1 (TH-1) immune response, which 
targets the primary virulence factor for 
Blastomyces, Blastomyces adhesion 1 (BAD- 

1) antigen. BAD-1 antigen has been 
demonstrated to promote cellular adhesion 
and invasion of mononuclear phagocytes and 
non-phagocytic cells and evades immune 
defenses by increasing production of 
transforming growth factor β and suppressing 
the production of tumor necrosis factor-α.3,11 

Clinical signs of infection include cough, 
dyspnea, anorexia, weight loss, uveitis, and 
skin ulceration with drainage. Infection 
typically presents with purulent to 
pyogranulomatous lesions, with the most 
consistent finding being generalized coa-
lescing, grey-white granulomatous nodules in 
the lungs.3,8 Histologically, infection is 
characterized by the presence of coalescing 
granulomas which surround round yeasts that 
measure 5-30 μm in diameter, have 1-μm 
thick double-contoured refractile walls, and 
central granular protoplasm. Yeasts 
occasionally exhibit broad-based budding. 
Infrequently, filamentous and pseudohyphal 
forms and conidia are found within tissues. 
Histologic diagnosis can be aided by the use 
of special stains, including histochemical 
staining by Gomori’s methenamine silver 

 
Figure 1-4. Lung, dog.  A Gomori methenamine silver 
demonstrates the yeasts cell wall and internal 
contents but yields little detail (GMS, 400X) 

 



 

 

(GMS) and periodic acid-Schiff (PAS) 
reaction.3,8 

 
Contributing Institution:  
University of Wisconsin 
School of Veterinary Medicine 
Department of Pathobiological Sciences 
https://www.vetmed.wisc.edu/departments/p
athobiological-sciences/ 
 
JPC Diagnosis: 
Lung: Pneumonia, interstitial, 
granulomatous, diffuse, severe, with 
intrahistiocytic and extracellular yeasts, 
etiology consistent with Blastomyces 
dermatitidis. 

 
JPC Comment:   
Although the pulmonary form is the most 
common manifestation of blastomycosis, this 
entity was first described in humans with 
cutaneous lesions.  In 1894, Thomas Casper 
Gilchrist described “peculiar parasitic 
bodies” he initially believed to be protozoans 
in sections of cutaneous tissue submitted 
from a patient in Philadelphia.  However, he 
later realized the organism was a fungus after 
its isolation and named the agent Blasto-
myces dermatitidis; blastomycosis was 
subsequently known for some time as 
Gilchrist's disease.2,4 

 
In 1898 Gilchrist published a report detailing 
a second case in a human patient, including 
detailed characteristics of the organism’s 
characteristic budding and also noting yeasts 
were often enclosed within giants cells “…in 
various stages of germination”. Gilchrist then 
injected a suspension of the cultured 
Blastomyces dermatitidis into the jugular 

vein of a dog, which over the next two 
months became emaciated and had a nasal 
discharge.  Both lungs “presented a striking 
picture” upon opening the thoracic cavity, 
with numerous pea sized or larger, discrete, 
firm, light yellow nodules that upon 
histologic examination contained the char-
acteristic yeast. The fungus was then cultured 
from the samples, essentially fulfilling 
Koch’s postulates. Furthermore, Gilchrist 
intravenously inoculated two additional dogs, 
a sheep, and a horse with suspensions 
composed of lung nodules containing the 
organism. Pulmonary lesions containing the 
B. dermatitidis were identified in both dogs, 
the sheep, and the horse.4   
 
Blastomycosis was initially thought to be 
restricted to North America and caused by a 
single species, Blastomyces dermatitidis.  
However, in 1952 a case was reported in 
Tunisia, with additional cases since reported 
in Africa and less commonly in India, the 
Middle East, and occasionally in Europe.  In 
addition to B. dermatitidis, additional species 
have since been added to the genus, including  

 
Figure 1-5.  Lung dog.  A periodic acid-Schiff stain 
demonstrates yeasts with better illumination of 
internal detail, but may miss non-viable fungal 
structures, unlike GMS. (PAS, 400X) 
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B. gilchristii, B. percursus, and B. silverae.  
In addition, both Emmonsia parva and E. 
helica were reclassified as B. parva and B. 
helicus following a taxonomic revision in 
2017 based on DNA sequence analysis. 
Interestingly, human cases of blastomycosis 
in Africa typically present as cutaneous 
lesions or osteomyelitis compared to 
pulmonary disease in North America. A 
recent retrospective study evaluating 20 
human cases of blastomycosis in South 
Africa between 1967 and 2014 that had been 
attributed to B. dermatitidis were found to 
actually B. percursus and B. emzantsi based 
in ITS sequences. In addition, BAD-1, the 
important adhesion-promoting protein and 
virulence factor associated with B. 
dermatitidis could not be identified in these 
strains.  Although BAD-1 has clearly been 
demonstrated to be an important virulence 
factor in North American strains, the 
significance of its absence in these African 
strains is unclear.  However, it is possible the 
difference in virulence genes associated with 
the different strains may contribute to the 
variations of clinical manifestations between 
North American and African blasto-
mycosis.10   
 
Clinically, most canine patients present with 
normal complete blood count although mild 
anemia and mild neutrophila +/- mild left 
shift may be present.  Hypoproteinemia is the 
most common abnormality noted on blood 
chemistry panels and mild hypercalcemia is 
present in approximately 10% of cases; most 
chemistry panels are normal.  Radiographs 
reveal an interstitial pattern in approximately 
70% of canine cases although nodular, 
bronchointerstital, and alveolar patterns have 

also been described.  Osteolytic lesions may 
also be identified radiologically, particularly 
those affecting the long bones of the distal 
limbs, with the forelimbs affected more often 
than the pelvic limbs.  An antigen enzyme 
immunoassay (EIA) for galactomannan, a 
sugar present in the cell wall of B. 
dermatitidis, can detect the substance in both 
urine and serum samples. However, 
galactomannan is only useful for determining 
the presence for a fungal infection in general 
as the test shows cross reactivity for 
blastomycosis, histoplasmosis, coccidio-
mycosis, penicilliosis, and paracoccidioi-
domycosis in humans and therefore most 
likely canines as well.  Serology for 
antibodies is generally considered to be 
insensitive and non-specific, with one study 
reporting only 50% of dogs with confirmed 
blastomycosis to be positive. Agar-gel 
immunodiffusion (AGID) is the most 
commonly utilized serologic test although 
additional types include complement 
fixation, enzyme linked immunosorbent 
assay (ELISA), counterimmunoelectro-
phoresis, and agar-gel precipitation.12 

 
Similar to as noted in WSC21-22 Conf. 14 
Case 2 with coccidiomycosis, the microbio-
logy lab should be informed when samples 
are submitted for culture that are consistent 
with blastomycosis.  This dimorphic fungus 
presents a serious risk to laboratory personnel 
as they may be exposed to the infective 
mycelial form if plates are mishandled.12     
 
Conference participants discussed the 
variable patterns of pneumonia, including 
bronchopneumonia, interstitial, broncho-
interstitial, and embolic.  Bronchopneumonia 



 

 

is characterized by exudative lesions that 
originate at the bronchiolar-alveolar junction 
due causative agents entering via the airborne 
route and typically has a cranioventral 
distribution.  Depending on individual and 
institutional preference, interstitial pneumon-
ia may be used to describe a broad range of 
diseases that damage the interstitium 
(alveolar or interlobular septa) or be 
restricted to simply indicate increased 
numbers of leukocytes within alveolar septa.  
Diffuse alveolar damage is the most 
commonly recognized form of interstitial 
lung disease.  Interstitial pneumonia typically 
has a diffuse distribution due to the causative 
agent being hematogenously distributed, 
such as in cases of endotoxemia and 3-
metylindole toxicity in cattle.  Broncho-
interstitial pneumonia is also associated with 
two forms of use. In most cases, 
bronchointerstitial pneumonia indicates the 
presence of both bronchiolar necrosis and 
diffuse alveolar damage.  However, the term 
has also been used to describe lesions in 
which airways are encircled by mononuclear 
cells that also infiltrate the alveolar septa.  
Embolic pneumonia occurs as the result of 
hematogenous distribution of infectious 
agents or inflammatory processes within the 
lung, such as with disseminated 
aspergillosis.3 

 

The moderator also discussed additional 
infectious causes of granulomatous inter-
stitial pneumonia in veterinary species, 
including other fungal agents such as 
Coccidioides, Histoplasma, and Crypto-
coccus, as well as bacterial agents such as 
Mycobacterium, Rhodococcus, Actinoba-
cillus, Actinomyces, and Nocardia.  

Additional viral etiologies to be considered in 
canines with interstitial pneumonia include 
canine influenza, canine adenovirus-2, and 
canine distemper virus. 
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CASE II: C-23638-17 (JPC 4119604)     
 
Signalment:  
5 mont- old, intact, female, Nova Scotia duck 
tolling retriever, Canis lupus familiaris 
 
History:  
The owners report that until the morning of 
presentation the dog had been an apparently 
normal active puppy, although they thought 
she always appeared to drink and urinate 
excessively.  On the morning in question, she 
refused her breakfast, went outside to urinate 

and had a semi-solid bowel movement, then 
came back in the house and laid down on her 
bed.  The owners looked in on her 30 minutes 
later and she was not moving and did not 
appear to be breathing.  The owners rushed 
her to their vet where she was pronounced 
dead on arrival. The owners consented to a 
postmortem. 
 
Gross Pathology:  
The puppy was thin, having small visceral 
and subcutaneous fat stores.  A few streaks of 
hemorrhage were noted on the abdominal 
surface of the diaphragm. The urinary 
bladder was small and empty. The 
caudodorsal lung lobes were red, heavy and 
wet, while cranioventral areas were pale pink 
and pliable.   
 
Otherwise, significant postmortem findings 
were restricted to the kidneys. Both were 
mildly enlarged, slightly pale and the 
capsules were mildly, diffusely adhered to 
the cortices. When sectioned, much of the 
cortical parenchyma is effaced by poorly  
defined, multifocal to coalescing, pale, 
white-tan, streaks which extend into the 
peripheral medulla.  
 
Laboratory Results: 
A scant growth of E. coli (2 colonies) was 
isolated from the kidney.   
 
Immunohistochemistry performed on 
sections of kidney revealed moderate, 
multifocal, staining for Leptospiral antigens 
within areas of inflammation.  The staining 
was cytoplasmic in inflammatory cells  



 

 

 (largely macrophages) and was also 
occasionally noted at the luminal surface of 
tubular epithelial cells. 
 
Microscopic Description:  
The white-tan areas noted grossly in the renal 
cortices and peripheral medullary areas 
represents numerous, multifocal to coalesce-
ing, areas where the interstitium is expanded 
and the parenchyma is replaced by dense 
infiltrates of lymphocytes admixed with 
fewer plasma cells, and sometimes central 
aggregates of pale epithelioid macrophages.  
Sparse cell debris is scattered amongst these 
infiltrates which are associated with a mild to 
moderate increase in collagenous stroma that 
often extends into the adjacent medulla.  
Scattered cortical and medullary tubules 
within the intervening parenchyma contain 
small amounts of proteinaceous fluid and, 
rarely, sparse cell debris.  These tubules are 
often lined by epithelial cells which appear 
slightly floccular with unapparent nucleoli 

and/or the epithelium has partially sloughed. 
Gram, PAS and acid-fast staining does not 
reveal infectious agents. Warthin-Starry 
staining reveals finely stippled black material 
(putative bacteria or possibly cell debris) and 
occasional fine, thin bacilli-like structures 
within macrophages and loose in areas of 
inflammation, and rarely within epithelial 
cells lining adjacent intact tubules. 
 
Contributor’s Morphologic Diagnoses:  
Kidney: Severe, bilateral, chronic, multifocal 
to coalescing, lymphohistiocytic, interstitial 
nephritis 
 
Contributor’s Comment:  
The sudden death of this puppy was 
attributed to renal failure caused by chronic 
interstitial nephritis due to leptospiral 
infection. The diagnosis was confirmed by 
immunohistochemistry; leptospiral antigens 
were demonstrated within macrophages in 
areas of inflammation, as well as within the 
lumen of occasional adjacent renal tubules.  
Unfortunately, further serotyping/genotyping 
of the bacteria was not performed.  
  
Leptospirosis is a zoonotic spirochetal 
bacterial infection with worldwide distri-
bution that affects many animal species.  The 
taxonomy of leptospires is complicated, 
confusing, and evolving. Leptospires were 
originally subdivided via culture and 
immunologic reactivity into 2 species; L. 
interrogans sensu lato (pathogenic strains) 
and L. biflexa sensu lato (all saprophytic 
strains from the environment).  Within these 
2 species Leptospires were then classified  

 
Figure 2-1.  Kidney, dog.  Sagittal sections through 
each kidney.  In both, the cortices and peripheral 
medullary areas contain poorly defined, coalescing, 
white-tan areas which partially obscure the normal 
architecture.  (Photo courtesy of:  Atlantic Veterinary 
College, University of Prince Edward Island  
www.upei.ca/avc) 

http://www.upei.ca/avc


 

 

into approximately 25 serogroups which have 
been further subdivided to more than 250 
serovars of Leptospira.3  Serogroups include 
serovars that share common antigens 
resulting in cross-reactions with antibody 
detection methods, while serovars are 
identified by distinct antibody reactivity to a 
variety of carbohydrate moieties in the outer 
lipopolysaccharide membrane.3 Unfortu-
nately, due to the nature of this type of 
antibody testing, it has limited value in trying 
to definitively identify these organisms by 
species because different species and 
serovars often share common antigenic 
determinants and cross-reactions are 
extremely common.  That is, antigenically 
similar serovars may belong to different 
Leptospira species.  Serogrouping and 
serovar typing, although not perfect, has had 
practical uses in epidemiologic studies and it 

has been thought that the protection induced 
by current vaccines is restricted to the 
serogroup used for their production.7 
Serotyping is increasingly being replaced by 
restriction enzyme analysis of chromosomal 
DNA which has resulted in the identification 
of approximately 20 genomospecies of 
Leptospira.3 

 
In general, serovars of leptospires are carried 
and spread in the environment by specific 
maintenance hosts to which that serovar is 
well adapted.  The maintenance host does not 
typically develop clinical disease but carries 
the bacteria in renal proximal tubules, or, in 
some hosts (cattle, sheep, horses), the genital 
tract.  These animals shed bacteria in the 
urine for several months or throughout life.  
Rodents, raccoons, skunks, dogs, cattle, 
sheep, and horses have all been identified as 

 
Figure 2-2. Kidney, dog. Large often coalescing linear inflammatory infiltrates effaced the renal parenchyma from the cortex to 
medulla. (HE, 5X) 



 

 

maintenance hosts for one or several of the 10 
serogroups/serovars of Leptospires that are 
associated with clinical disease in veterinary 
medicine.  Clinical disease is generally seen 
when an “incidental” host becomes infected.  
Transmission is typically via contact with 
contaminated urine, or less commonly, 
through contact with contaminated placental/ 
fetal tissues or by venereal transmission.1  
Leptospires do not replicate outside of the 
maintenance host but they can survive in 
warm, moist, environmental conditions (such 
as stagnant water and water logged soil) for 
weeks to months.  Because of this, the 
incidence of disease is often seasonal with 
clinical disease most commonly occurring in 
the fall in temperate climates (“fall fever”), in 
the winter in tropical climates, or following 
periods of heavy rainfall or flooding.1    
 
In dogs, several serovars of Leptospira are 
associated with clinical disease.  Historically, 
canicola and icterohaemorrhagiae are best 
recognized as a cause of disease and 
mortality.  In the 1970’s, a bivalent vaccine 
for dogs targeting these serovars became 
available, and now, disease in dogs due to 
these serovars is rare.  However, in recent 
years, northeastern North America, including 

areas within the maritime provinces of 
Canada6, has seen an apparent resurgence of 
leptospirosis in urban dogs. Serovars identi-
fied in these dogs include grippotyphosa, 
pomona, autumnalis, bratislava and other 
serovars typically seen in wildlife.  This 
resurgence may be due to a combination of 
factors including, vaccination (current vacc-
ines do not offer protection against these 
serovars), changes in climate (increased 
periods of heavy rain and flooding, etc) and 
increased contact with wild maintenance 
hosts in urban environments (skunks, 
rodents, raccoons, etc).7 

 
The severity of clinical signs induced by 
leptospiral infection varies widely from 
subclinical disease to peracute or chronic 
manifestations of disease and depends on 
factors such as age, immune status or the 
host’s ability to contain infection, infective 
dose, serovar type and virulence.  Leptospires 
can penetrate intact mucous membranes of 
the mouth, nose, eyes and abraded, water-
softened skin. The organisms then enter  

 
Figure 2-4. Kidney, dog. A silver stain demonstrates 
numerous spirochetes in proximity to the apical 
surface of proximal convoluted tubular epithelium. 
(Warthin Starry 4.0, 400X) 

 
Figure 2-3. Kidney, dog.  Large numbers of lymphocytes 
and fewer macrophages and plasma cells entrap and 
efface cortical tubules and glomeruli.  (HE, 328X) 



 

 

systemic circulation and quickly begin to 
replicate.  Severe peracute infection resulting 
in septicemia has been reported in puppies 
(usually infected with icterohemorrhagiae)  
and death may occur in a few hours to 2-3 
days.1,7  Endothelial damage and hemorrhage 
are commonly seen in these animals.  In most 
infected dogs this stage of infection is 
subclinical or associated with vague clinical 
signs.  Organisms then disperse and replicate 
in many tissues, most commonly the kidney 
and liver.  Acute death has been reported in 
dogs in this stage of infection. At 
postmortem, these dogs may have areas of 
hepatic necrosis and microscopic lesions 
consisting of dissociation of hepatic cords, 
canaliculi plugged with bile, acute hepato-
cellular degeneration and early regeneration, 
and organisms may be noted with silver 
stains in sinusoids and within hepatocytes.   
 
Subacute to chronic leptospirosis is the form 
of disease most often seen in dogs with 
leptospirosis. This typically manifests as 
renal insufficiency resulting from subacute to 
chronic interstitial nephritis as the bacteria 

localize and replicate in the kidney. The 
severity and progression of disease may be 
quite variable.  In acute renal lesions, tubular 
degeneration and regeneration predominates.  
As lesions progress, tubular lesions resolve, 
interstitial infiltrates of lymphocytes and 
plasma cells increase and then often 
generally decrease, as interstitial fibrosis 
becomes gradually more prominent.  The 
organisms may be noted in areas of 
inflammation and within cortical tubules with 
Warthin-Starry stains in subacute lesions but 
generally become less numerous with 
chronicity.1 

 
Leptospirosis is of zoonotic concern.  
Humans (usually pet owners, veterinary staff, 
etc.), may be infected via contaminated urine, 
or rarely via bite wounds, so special care and 
hygienic precautions should be taken when 
handling infected dogs.3    
 
Contributing Institution:  
Atlantic Veterinary College, University of 
Prince Edward Island 
www.upei.ca/avc 
 
JPC Diagnosis:  Kidney:  Nephritis, tubulo-
interstitial, lymphoplasmacytic and histio-
cytic, chronic, multifocal to coalescing, 
marked, with tubular degeneration, necrosis, 
and loss, and interstitial fibrosis. 

JPC Comment:   
The contributor provides an excellent review 
of leptospirosis, the most common zoonotic 
infection in the world.7 German physician 
Adolf Weil first described leptospirosis in 
1886 after recognizing a “new” infectious 
disease characterized by splenomegaly,  

 
Figure 2-5. Kidney, dog. Immunohistochemical staining 
demonstrates leptospiral antigen within areas of 
inflammation.  (anti- Leptospira, 200X) (Photo courtesy 
of:  Atlantic Veterinary College, University of Prince 
Edward Island   www.upei.ca/avc). 

http://www.upei.ca/avc
http://www.upei.ca/avc


 

 

jaundice, and nephritis which was 
subsequently known as “Weil’s disease” in 
humans. Inada et al. at Kyushu University 
first successfully isolated Leptospira spp. 
nearly three decades later during a 1914-1915 
outbreak of Weil’s disease in Japanese coal 
miners. Although Weil typically receives 
credit for first recognizing the distinct 
clinical disease, historical records indicate 
knowledge of this condition since ancient 
times based on its seasonality, occupational 
exposure, and duration of symptoms with 
names such as “rice-harvest jaundice” in 
ancient China as and “7-day fever” and 
“autumn fever” in Japan.4 As noted by the 
contributor, certain leptospiral serovars are 
associated with specific maintenance hosts 
that are often asymptomatic, such as 
Leptospira borgpetersenii serovar Hardjo 
and Leptospira interrogans serovar Hardjo in 
cattle, Leptospira interrogans serovar 
Canicola in dogs, Leptospira interrogans 
serovar Pomona in pigs, and Leptospira 
interrogans serovar Copenhageni in rats.  In 
contrast, “incidental” hosts typically develop 
clinical disease.4   

 
The pathogenesis of subclinical chronic 
tubulointerstital nephritis in maintenance 
hosts has been the subject of interest.  Based 
on experimental L. interrogans serovar 
Copenhageni infection in rats, the pathogen 
disseminates hematogenously to nearly all 
tissues shortly after infection, followed 
shortly afterward by its elimination from 
nearly all tissues, with the exception of the 
kidneys, which is likely facilitated by 
circulating anti-leptospiral immunoglobulin 
(IgM and IgG).  However, the kidneys 
present a permissive environment for the 
organism’s survival and proliferation, and 
leptospiruria develops within a week of 
infection. Given the clearance of 
leptospirosis from nearly every organ with 
the exception of the kidneys, it is likely that 
kidneys are not a specific target of Leptospira 
spp. but rather their survival in this organ, 
specifically in the renal tubules, is facilitated 
by an immunologically permissive enviro-
nment that is exploited by the pathogen.5   
 
A possible explanation for this survival 
despite the presence of anti-leptospiral IgG in 
the renal tubules is the absence of comp-
lement in the renal tubules. In addition, 
pathogenic Leptospira genomes encode a 
group of proteins known as Len (leptospiral 
endostatin-like) proteins that bind comple-
ment regulatory proteins such as plasma 
factor H, which promote deactivation of the 
compliment cascade, essentially preventing 
destruction of the cell.  Interestingly Len 
proteins are not present in non-pathogenic 
Leptospira, further supporting the hypothesis 
of their role in immune invasion. In addition, 
human complement regulator C4BP is also 

 
Figure 2-6. Kidney, dog.  Immunohistochemical staining 
demonstrates leptospiral antigen lining proximal 
convoluted tubules.  (anti- Leptospira, 200X) (Photo 
courtesy of:  Atlantic Veterinary College, University of 
Prince Edward Island   www.upei.ca/avc) 



 

 

bound by pathogenic Leptospira spp., which 
provides additional host complement 
resistance.5 

 
In addition to affecting the kidney and liver, 
leptospirosis may also cause meningitis, 
uveitis (suspected etiologic agent of equine 
recurrent uveitis), abortion and infertility, 
and pulmonary hemorrhage secondary to 
previously described vasculitis.2   
 
Key features noted by conference partici-
pants in this case included lympho-plasma-
cytic interstitial nephritis in addition to 
relatively minimal glomerular changes in 
regions with minimal inflammation and 
necrosis. Two additional differentials pro-
posed by the moderator in this case include 
Leishmania spp. and Borrelia burgdorferi.  
Both of these entities are also associated with 
lymphoplasmacytic interstitial nephritis; 
however, the primary lesion associated with 
these etiologies in the kidney is glomerulo-
nephritis whereas the glomerulus is not 
typically affected in cases of leptospirosis.    
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CASE III: 525/20 (JPC 4167685) 
 
Signalment:  
21-year-old, male (gelding), Connemara, 
(Equus caballus), equine 
 
History:  
Initially presented in July with multiple 
suspected cutaneous melanomas mainly in 
the perineal region and along the tail as well 
as a suspected squamous cell carcinoma of 
the penis. The pony was initially treated with 
penile amputation and sheath ablation. 
Enlarged inguinal lymph nodes were re-
moved. A number of the melanomas were 
removed at a second surgery. Presented again 
in November with neurological signs 
include-ing head pressing and ataxia. Given 
the rapidly deteriorating clinical condition, 
the pony was euthanized. 
 
Gross Pathology:  
Carcass preservation and body condition 
were good. Multiple, firm, well-demarcated 
darkly pigmented dermal masses were 
observed around the anus and along the tail 
base. Black pigmentation was observed 
throughout these masses on sectioning. 
Further masses of similar appearance and up 
6 cm in diameter were found over the ribs, in 
the region of the brachial plexus, in the dorsal 
lumbar and gluteal fascia and in the tensor 
fascia latae muscle. Masses were focally 
embedded on the pleural aspect of the ribs: 
approximately 0.5 cm thick and extending to 
the width of the affected rib. The deep 
inguinal lymph node was markedly enlarged  
and subtotally effaced by yellow firm 
irregular masses. A firm pale yellow lesion 
infiltrated the psoas muscles and iliac lymph 

nodes and surrounded the aorta, the ureter 
and the renal hilus over a distance of some 
50cm. This mass was 30cm wide and 15cm 
deep and abutted the lumbar vertebrae. On 
sagittal sectioning the lumbar spinal column 
multiple small pigmented masses (melan-
omas) were noted embedded within the pale 
yellow mass. Similar pigmented masses 
infiltrated numerous lumbar vertebral bodies. 
On sagittal sectioning of the skull a 5 cm 
diameter pigmented mass infiltrated the 
sphenoid bone midline at the level of the 
pituitary fossa and protruded approximately 
1 cm into the cerebral cavity. 
 
Laboratory Results:  
None submitted. 
 
Microscopic Description:  
Inguinal lymph node: sub-totally effaced by 
a poorly demarcated densely cellular mass 
that infiltrates the surrounding capsule and 
adipose tissue. The mass is composed of 
nests and islands of large polygonal cells in a 
fibrovascular stroma. The majority of the 
cells have distinct borders and moderate to 

 
Figure 3-1. Pleura, horse.  Pigmented masses infiltrate 
and expand the pleura. (Photo courtesy of:  Veterinary 
Sciences Centre, School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland  
http://www.ucd.ie/vetmed/) 



 

 

abundant eosinophilic cytoplasm. The 
nucleus is either relatively large and ovoid 
with coarse stippled chromatin or vesicular 
with a prominent nucleolus. There is marked 
anisocytosis and anisokaryosis. More than 40 
mitotic figures are counted in 10 high power 
fields. Multifocally the neoplastic islands 
show areas of central necrosis. In addition to  
this neoplastic lesion there is a second 
neoplastic cell population within the node. 
This consists of more loosely arranged large 
polygonal cells with distinct cell borders and 
moderate to abundant cytoplasm featuring 
myriad large brown granules (melanin). 
Nuclear details are obliterated by the dense 
cytoplasmic pigment. Pigmented polygonal 
cells are occasionally admixed with more 
spindled cells that contain lesser amounts of 
cytoplasmic granulation and have a more 
elongated nucleus. Clustered neoplastic 
pigmented cells noted in subcapsular sinus. 
 
Histopathology confirmed that the penile 
squamous cell carcinoma had also 

metastasized to the iliac lymph nodes and had 
severely infiltrated the psoas muscles and 
retroperitoneal region. The melanoma had 
metastasized widely: skeletal muscles, lymph 
nodes, fascia, peripheral nerves and bones of 
the vertebral column and the skull 
 
Contributor’s Morphologic Diagnoses:  
Inguinal lymph node: 

(1) Squamous cell carcinoma 
(2) Melanoma 

 
Contributor’s Comment:  
These ‘two for the price of one’ diagnoses 
showcase two ‘classic’ equine tumors 
occurring contemporaneously in the same 
lymph node as a result of metastasis from 
different anatomical sites.  
 
Between 4 and 15% of all equine skin tumors 
are melanocytic.6 Melanoma is a result of 
uncontrolled proliferation of melanocytes 
that can arise within the epidermis but can 
also originate from mucosal surfaces and the 
eye. Although the vast majority of cutaneous  
melanomas in the horse are benign at initial 
presentation, over 60% can progress to 
malignancy with attendant widespread meta-
stasis.6 As in this case, the majority of 
melanocytic tumors occur in grey or white 
horses, usually at or before the age of 5 years: 
the time at which they undergo changes in  
coat colour.9 A retrospective study of the 
pathological features of 53 cases of equine 
melanoma proposed four categories of tumor: 
melanocytic naevus; discrete dermal melan-
oma (benign and malignant forms); dermal 
melanomatosis; and anaplastic malignant 
melanoma.13 Equine melanomas result from 
the activation of oncogenes (e.g. NRAS) or 

 
Figure 3-2. Lumbar spine and posterior aorta:  A 50m 
non-pigmented mass infiltrates the psoas muscles and 
iliac lymph nodes and surrounded the aorta, the ureter 
and the renal hilus .Pigmented masses are scattered 
throughout.  (Photo courtesy of:  Veterinary Sciences 
Centre, School of Veterinary Medicine, University 
College Dublin, Belfield, Dublin 4, Ireland  
http://www.ucd.ie/vetmed/) 



 

 

from the loss of tumor suppressor genes (e.g. 
TP53).18 In contrast to melanomas in 
other/non-grey horses, which are highly 
malignant, those in grey horses have a longer 
benign growth phase prior to malignant 
transformation and metastasis.6,10 Up to 80% 
of grey horses over 15 years old have 
melanocytic tumors at some anatomical 
location.16  
 
The STX17 (syntaxin 17) gene is central to 
the inheritance of skin pigmentation in grey 
horses. Both this and the adjacent NR4A3 
gene are overexpressed in melanomas from 
grey horses: elevated STX17 expression is 
associated with activation of the extracellular 
signal-regulated kinase (ERK) pathway in 
melanocytes.5 Increased signaling of the 
melanocortin-1 receptor (MC1R) gene, a 
gene that regulates skin pigmentation, also 
promotes melanoma development in grey 
horses, as in human patients.16  
 
As in this case, equine melanomas occur 
most frequently on the perineum/ventral tail 
region, as well as on the vulva, lips, and 
eyelids.3,9 One unifying feature of these 
locations is their adjacency to mucosal 
epithelium. Equine melanomas are typically 
positive for S100, PCNA, Ki-67, and CD44 
on immunohistochemistry.13,14 In addition, 
RACK1, has also been found to be effective 
in distinguishing benign melanocytic tumors 
from melanomas in horses.1 

 
After sarcoids, squamous cell carcinomas 
(SCC) are the most common equine 
neoplasm.14 Around 10% of all equine 
neoplasms are found on the penis, vulva and 
ocular adnexa, of which penile SCC is the 

most common15: between 50–80% of all 
tumors of the external genitalia. While there 
is no breed predisposition, a higher incidence 
of penile SCC is reported in ponies relative to 
horses.7 Although SCC can develop at any 
location on the skin surface, like melanoma, 
it is over-represented on regions contiguous 
to mucocutaneous junctions. Horses are 
typically diagnosed with SCC between the 
ages of  9 and 15 years.7 Risk factors 
associated with the development of SCC in 
horses include lightly pigmented skin and 
chronic exposure to excessive sunlight. It is 
suspected that SCC frequently develops from 
pre-existing lesions such as actinic keratosis, 
carcinoma-in-situ, and the chronic keratosis 
associated with exposure to accumulated 
smegma.7 As in human patients, evidence 
suggests cutaneous SCC in horses result from 
mutations in the p53 tumor suppressor  

 
Figure 3-3. Inguinal lymph node, horse. The lymph node 
is expanded by two separate neoplasms, one of which 
is deeply pigmented. (HE, 4X) 



 

 

gene.11 Other research points to oncogenesis 
being initiated, in part, by equine papillo-
mavirus type 2-infection, similar to the 
sexually-transmitted infection model 
proposed for cervical cancer in human 
patients.2,17,19 

 
Most SCC in horses arise as solitary masses 
but the adjacent skin may be at similar risk of 
tumor development, particularly the pre-
puce.6 Cutaneous SCC are locally invasive, 
metastasizing to local lymph nodes in some 
19% of cases (as described here). These 
tumors can ulcerate or become traumatized 
leading to secondary bacterial infections and 
purulent inflammation. 
 
Contributing Institution:  
Room 012, Veterinary Sciences Centre, 
School of Veterinary Medicine, University 
College Dublin, Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed/ 
 
JPC Diagnosis: 
1.  Lymph node: Metastatic squamous cell 
carcinoma. 
2.  Lymph node: Metastatic melanoma. 
 

JPC Comment:   
We would like to thank the contributor for 
this unique submission of two classic equine 
neoplastic entities in one tissue section.  In 
addition, the contributor concisely highlights 
key features of each entity.   
 
As noted by the contributor, both graying and 
melanoma in horses have been linked to a 
duplication of the syntaxin-17 (STX17) gene.  
The significance of this duplication is the 
STX17 gene plays a regulatory role in the 
regulatory binding sites for micropththalmia-
associated transcription factor (MITF) and 
NR4A3, both of which play key roles 
regulating melanocyte gene expression and 
cellular function.  Horses homozygous for the 
STX17 duplication have two additional 
copies of this regulatory element and have a 
higher incidence of melanoma as well as a 
higher mean melanoma grade in comparison 
with heterozygous grey horses.12   
 
An additional mutation associated with 
increased melanoma severity is the deletion  

 
Figure 3-4. Inguinal lymph node, horse.  Trabeculae and 
keratinizing nests of squamous epithelium efface the 
capsular sinus and infiltrate the underlying cortex. (HE, 
108X) 

 
Figure 3-5. Inguinal lymph node, horse.  Nests of 
polygonal to spindles and deeply pigmented neoplastic 
melanocytes infiltrate the lymph node (HE, 106X) 



 

 

of exon 2 in the agouti-signaling protein 
(ASIP) gene, which regulates the melano-
cortin-1-receptor (MC1R) pathway.  NR4A3 
and MITF transcription is dependent on the 
MC1R pathway and cause an increase in the 
cellular concentration of cAMP.  Under 
normal conditions, the MC1R signaling 
pathway is inhibited (i.e. regulated) by 
agouti-signaling protein, which in turn 
decreases cAMP, MITF, and NR4A3 
expression. Horses homozygous for the 
deletion of the exon 2 of the ASIP gene are 
unable to antagonize the MC1R pathway, 
resulting in increased signaling and has been 
associated with increased melanoma severity 
in horses.12   
 
In contrast, “chestnut” horses occur as the 
result of a loss-of-function mutation of the 
MC1R gene, resulting in reduced melanocyte 
cAMP levels and decreased MITF and 
NR4A3 transcription.  In humans, similar loss 
of function mutations in the MC1R gene do 
not decrease the risk of developing 
melanoma but are associated with better 
survival rates.  Although the MC1R loss of 
function mutation may be associated with 
similar outcomes in horses, this phenomenon 

has yet to be definitively validated in this 
species.12  
 
Horses are affected by nine types of Equus 
caballus papillomavirus (EcPV), which are 
non-enveloped double stranded DNA 
viruses.  As noted by the contributor, EcPV-
2 has been associated with genital lesions and 
that in some cases undergo neoplastic 
transformation to squamous cell carcinoma.  
Potential ongogenic mechanisms have not yet 
been definitively determined.  However, 
genomic sequencing has shown the presence 
of both E6 and E7 genes.4  In contrast to high 
risk-human paplillomaviruses (hr-HPVs) 
which are known to cause cervical cancer, 
EcPV-2 E7 lacks the RB-binding motif.  
Therefore, the primary oncogene of interest 
EcPV-2’s is E6, which in hr-HPVs 
inactivates p53 by signaling for its 
proteosomal degradation.4  Also known as 
“the guardian of the genome”, p53 is a tumor 
suppressor gene that regulates the cell cycle, 
DNA repair, cellular senescence, and 
apoptosis.  Loss of p53 function results in the 
accumulation of damaged (i.e. unrepaired) 
DNA resulting in the accumulation of driver 
mutations in oncogenes that ultimately 
predispose the cell to malignant 
transformation.8 
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Figure 3-6. Inguinal lymph node, horse.  Nests of 
neoplastic melanocytes infiltrate the tumor stroma of 
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CASE IV: 487/0821 (JPC 4165420)     
 
Signalment:  
45-day-old, female, Canary Black Pig (Sus 
scrofa domesticus) 
 
History:  
One female piglet, from a farm with 28 
breeders (25 sows and 3 boards), had been 
found outside the farm wandering near 
rubbish dumps. Two days later, it exhibited 
lethargy, dehydration, hypothermia, and 
cachexia, along with vomit and muco-
purulent nasal discharge. The animal died 
within a day after the signs were noticed. No 
specific treatment was administered other 
than fluids and electrolytes. No other pigs 
from the farm showed any clinical signs. 
The animal was submitted to our diagnostic 
laboratory for a complete necropsy. 
 
Gross Pathology:  
The most remarkable macroscopic lesions 
were observed in the caecum, colon, liver, 
and palatine tonsils. Multiple well-
demarcated white nodules were observed on 
the serosa of the spiral colon. The mucosa of 
both caecum and colon show numerous 
multifocal to coalescent well-demarcated 

ulcers, covered with fibrinosuppurative 
(diphteroid) membranes. In the liver, on the 
visceral surface of the caudate lobe, a locally 
extensive 5 cm-wide area of necrosis was 
observed. On cut surface, the necrotic lesion 
extends deep into the parenchyma. The 
palatine tonsils have focal and bilateral areas 
of necrosis and congestion. Other gross 
findings included serous abdominal effusion, 
and enlarged and congested mesenteric 
lymph nodes. 
 
Laboratory Results:  
Bacterial analyses including typing 
(Reference Laboratory, Algete-Madrid, 
Spain) identified Salmonella enterica 
subspecies enterica Serotype: Enteritidis 
9,12: g.m. from samples of large intestine, 
liver and mesenteric lymph nodes. 
 
Microscopic Description:  
Colon: affecting the full thickness of the 
mucosa and extending into the submucosa 

 
Figure 4-1. Spiral colon, pig.  Multiple well-demarcated 
white nodules are scattered through the serosa of the 
spiral colon (arrows). The nodules correspond to areas 
of ulceration visible in the inset.   (Photo courtesy of :  
Unit of Veterinary Histology and Pathology. University 
Institute of Animal Health and Food Safety (IUSA), 
Veterinary School, University of Las Palmas de Gran 
Canaria, c/ Trasmontaña,  s/n, 35413, Arucas, Canary 
Islands, Spain.) 



 

 

there are large, segmental, well-demarcated 
areas of necrosis covered with fibrin (button 
ulcers). These areas are characterized by loss 
of differential staining, loss of tissue 
architecture and replacement by abundant 
eosinophilic amorphous material, cellular 
debris, fibrin and degenerated neutrophils, 
admixed with abundant short rod bacteria. 
The underlying submucosa is severely 
infiltrated by viable neutrophils, macro-
phages and cellular debris, and expanded by 
edema. Few blood vessels are occluded by 
fibrin thrombi, together with occasional 
small number of short rod bacteria. Vascular 
walls show karyorexis/karyolisis and loss of 
cellular detail and are replaced by 
eosinophilic amorphous material and debris 
(fibrinoid necrosis). Moderate numbers of 
neutrophils and macrophages, with rare 
lymphocytes, infiltrate vascular walls and 
occasionally fully occlude the lumen (vascu-
litis). There is marked hypertrophy and  
hyperplasia of submucosal fibroblasts with 
plump nuclei (reactive). Multifocally, the 
same inflammatory infiltrate extends into the 
muscular layer, dissecting the myofibers. 
 
Contributor’s Morphologic Diagnoses: 
Colitis, necrotizing, fibrinosuppurative 
(diphtheroid), multifocal, severe, subacute, 
with vasculitis, thrombosis and intralesional 
colonies of short rod bacteria. 

 
Contributor’s Comment:  
In addition to the lesions observed in the 
colon and caecum, other significant histo-
logical findings were hepatitis, necrotizing 
and lymphohistiocytic, tonsilitis necrotizing 
and neutrophilic, pneumonia, broncho-
intersticial, lymphohistiocytic, and 

microthrombosis in the spleen, lymph nodes, 
brain and leptomeninges. Gram stain 
highlighted intralesional positive and, to a 
lesser extent, negative rod-shaped bacteria in 
palatine tonsils, and small to moderate 
numbers of negative bacteria in the liver. 
 
The Canary Black Pig (Cochino Negro 
Canario) is a breed exclusive to the territory 
of the Canary Islands archipelago. It seems to 
come from North African pigs, mixed with 
breeds introduced during the Spanish and 
British occupation of the islands in the 15th 
century. The breed was officially recognized 
once included in the Official Register of 
Spanish Livestock Breeds published in the 
Real Decreto (Royal Decree) 1682/19974 
and it is currently under a Special Protection 
Status due to the reduced number of 
individuals and high risk of extinction. 
However, since the 80s, the population has 
been increasing, thanks to the numerous 
initiatives taken by both local authorities and 
a group of farmers who decided to introduce 
the breed in their facilities.6  
 
Salmonellosis is known to be one of the main 
causes of food-borne enteric disease in 
humans worldwide. Salmonella Enteritidis 
and S. Typhimurium are the most commonly 
reported serovars associated with human 

 
Figure 4-2. Spiral colon, pig.  Multiple well-demarcated 
areas of full-thickness mucosal necrosis extend into the 
underlying submucosa.  (HE, 5X) 



 

 

cases. These zoonotic strains are carried by 
both livestock and wild animals, with avian 
species and pigs being the main reservoirs. In 
general, infection in birds is caused by 
serovar Enteritidis, while porcine infections 
are usually due to serovar Typhimurium or 
serovar Derby. However, in several European 
countries, S. Enteritidis has also been 
reported, in both domestic and wild 
suids.2,5,8,9 Thus, in swine, salmonella 
infections are of concern for two main 
reasons: clinical disease in animals 
(salmonellosis) and the threat to human 
health by  means of contaminate pork 
products with a broad range of serotypes.3  
 
Fecal–oral transmission is the most common 
route of transmission of virulent salmonellae. 
Transmission can occur from pig to pig, 
contaminated environment to pig, or dam to 
offspring. Tonsils, and thus oropharyngeal 
secretions, become rapidly contaminated, 
favoring nose-to nose transmission. Aero-
solized secretions, faeces, and contaminated 
dust particles are potential sources for short-
distance aerosol transmission as well.3 Over 
200 virulence factors have been associated 
with salmonellae but only few have been 
completely characterized. Generally, these 

factors are involved in adhesion, invasion, 
cytotoxicity, and resistance to intracellular 
killing.  The ability to invade is a requirement 
for pathogenesis and depends on a serotype-
specific plasmid coding for virulence 
factors.3 Many epithelial cell types as 
enterocytes, goblet cells or M cells in the 
jejunum and ileum may be invaded. Invasion 
of M cells seems to be the preferred route due 
to the shorter glycocalyx that coats these 
cells.3 Attachment of the bacteria to epithelial 
receptors triggers microfilament-controlled  
uptake, vacuole formation, vacuole transport 
through the cell cytoplasm, and entry into the 
lamina propria via exocytosis through the 
basement membrane. 
 
During the invasion process, there is selective 
induction of synthesis of new proteins that 
enhance intracellular survival within macro-
phages and neutrophils in the lamina 
propria.3 Salmonella uses mucosal macro-
phages and dendritic cells to spread 
systemically, reaching, for instance, liver and 
lymph nodes, which are common sites of 
secondary infection (septicemic form). 
Salmonellae produce disease via 
enterotoxins, cytotoxins (verotoxins), and 
endotoxins causing microvascular 
thrombosis and endothelial necrosis in the 
submucosa and lamina propria. Mucosal 
ischemia is most likely the result of 
microvascular thrombosis and the action of 
enzymes and mediators released during the 
inflammatory process.10 The systemic signs 
and lesions of septicemic salmonellosis, are 
commonly attributed to the endotoxemia that 
follows bacterial dissemination.  
The number of potential sources of 
Salmonella infection in a swine population is 

 
Figure 4-3. Spiral colon, pig. Ulcers are well-demarcated 
with a dense band of cellular debris at their margins. 
(HE, 108X) 



 

 

virtually endless, 3 and many stressors can be 
involved (e.g. overcrowding, transportation, 
concurrent diseases, feed changes, parturition 
and antibiotic treatments).7,10 Although none 
of those were identified in this specific case, 
individual susceptibility and the age of the 
animal could be considered predisposing 
factors, as disease is usually more common 
and severe in young individuals.10 In the 
present case, it is possible that contaminated 
material at the reported small rubbish dump 
was the source of infection. The fact that all 
the other animals at the farm tested negative 
for Salmonella supports this hypothesis. 
Housing of pigs in facilities other than total 
confinement is a factor associated with 
infection.3 

 
Contributing Institution:  
Unit of Veterinary Histology and Pathology. 
University Institute of Animal Health and 
Food Safety (IUSA), Veterinary 
School, University of Las Palmas de Gran 
Canaria. 
http://iusa.ulpgc.es/ 
https://hcv.ulpgc.es/web2/?page_id=3601 
 
JPC Diagnosis: 
Colon:  Colitis, ulcerative, multifocal, 
severe, with vasculitis and thrombosis. 
 
JPC Comment:   
With the notable exception of the host 
adapted Salmonella Cholerasuis, the majority 
of porcine Salmonella infections result in 
self-limiting diarrhea or are asymptomatic.  
As mentioned by the contributor, the majority 
of porcine infections are caused by 
Salmonella Typhimurium, which has been 
linked to numerous outbreaks of human 

salmonellosis directly related to the 
consumption of pork products.1 

 
As noted by the contributor, the jejunum and 
ileum are believed to be the primary sites of 
Salmonella invasion following ingestion.  
Utilizing previously described mechanisms, 
the organism breaches the mucosal 
epithelium, enters the lamina propria, 
undergoes leukocyte trafficking to the 
subepithelial dome of Peyer’s patches and 
then quickly spreads to mesenteric lymph 
nodes where in most cases its dissemination 
is halted by cellular and inflammatory 
responses.  However, it is believed high 
numbers of infected pigs become carriers 
with latent organisms remaining in the tonsils 
and mesenteric lymph nodes, which presents 
a challenge for control of the disease within a 
herd.1   
 
A recent study assessed the persistence of 
Salmonella Typhimurium infection of 
weaned pigs using using Taqman qPCR to 
quantify Salmonella in the contents of the 
ileum, cecum, colon, and feces and while also 
performing histologic examination of tissues.  
Mucosal epithelium was severely damaged 1 
day post infection (dpi) and 2 dpi with large 
quantities of Salmonella detected in the 
ileum, cecum, and colon early in the 

 
Figure 4-4. Spiral colon, pig.  At the base of each ulcer, 
vessels are occluded byfibrin thrombi. (HE, 380X) 

http://iusa.ulpgc.es/
https://hcv.ulpgc.es/web2/?page_id=3601


 

 

infection, likely bearing resemblance to 
lesions seen in this case.  After 6dpi, signs of 
recovery with progressive epithelial 
restoration, reduction of inflammatory 
infiltrate, and elimination of Salmonella from 
the mucosa were noted.  Although clinical 
recovery correlated with decreased shedding, 
Salmonella continued to be passed four 
weeks post infection. In addition, the bacteria 
were identified within the mesenteric lymph 
nodes up to 30dpi, the end point of the study.  
This further supports the latent risk of 
reinfection of pigs as well as potential food 
chain contamination.1  
 
Interestingly, recent studies have demon-
strated Salmonella infects and survives not 
only within macrophages but also fibroblasts, 
which both may serve as Trojan horses, 
shielding the organism from immune 
surveillance until conditions are favorable for 
reinfection.1 
 
Although Salmonella Enteritidis was isolated 
in this case, the lesions observed are 
essentially identical to those caused by 
classical swine fever virus (hog cholera), an 
endotheliotropic Pestivirus. This virus pre-
dominantly affects the immune system, 
vascular endothelium, and epitheial cells.  
CSFV replicates within lymphoid tissue 
macrophages and causes lymphocytolysis via 
expression of cytokines such as TNF-α.  
Lesions consistent with this phenomenon in 
the submitted tissue sections include GALT 
abscessation and lymphoid depletion, 
although these findings in this case are likely 
secondary to circulation endotoxin.  
Epithelial damage due to CSFV is also as the 
result of macrophage derived cytokines.  

Damage to the endothelial cells can 
ultimately result in disseminated intra-
vascular coagulopathy and hemorrhage.7   
 
The moderator discussed additional etio-
logies that may cause similar lesions of the 
colonic mucosa in swine, including classical 
swine fever virus, Brachyspira hyodys-
enteriae and B. hampsonii, Lawsonia 
intracellularis, and in very young piglets, 
Clostridium difficile. 
 
Additional sections stained with Warthin-
Starry revealed numerous argyrophilic spiro-
chetes associated with the superficial aspect 
of mucosal epithelial cells.  It is possible 
these represent a coinfection with 
Brachyspira spp. in addition to S. Enteritidis. 
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1. Which of the following is NOT a function of the Blastomyces adhesion antigen, BAD-1?
a. Production of transforming growth factor β 
b. Suppression of TNF- α
c. Promote cellular adhesion
d. Facilitate intracellular replication

2. True or false.  Commonly used canine vaccines against leptospirosis offer wide protection 
against most serovars.

a. True
b. False

3. True or false.  Leptospire numbers increase over time so that demonstration of leptospires is 
increased with longer duration of infection.

a. True
b. False

4. Which of the following genes is overexpressed in melanomas in grey horses?
a. 1ADAM12
b. STX17
c. 4FR39
d. T42

5. Which of the following is the site of Salmonella colonization which facilitates nose-to-nose 
transmission in swine?

a. Nasal mucosa
b. Tonsil
c. Laryngeal mucosa 
d. Gingival crevice

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE.
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CASE I:  
 
Signalment:  
4-month old, male common marmoset 
(Callithrix jacchus) 
 
History:  
This 4-month old, male marmoset presented 
for being down in his cage and unresponsive. 
On physical exam, he was noted to be 
laterally recumbent, hypothermic, and 
dehydrated. The animal was minimally 
responsive to repeated supportive care 
attempts, and humane euthanasia was elect-
ed, followed by a necropsy. Prior to 
presentation, a sibling in this same family 
was submitted for necropsy, where post-
mortem culture and subsequent serotyping 
identified Salmonella typhimurium. 
 
Gross Pathology:  
At necropsy, the stomach was filled with tan 
to white feed material. The small intestines 
were variably distended with gas and con-
tained scant to moderate mucoid ingesta. 
Additionally, a focal area of necrosis (~1 cm 
in diameter) was observed on the left lateral 
liver lobe. 
 
 
 
 

Laboratory Results:  
Blood smear prior to euthanasia demon-
strated few neutrophils, mostly bands, with 
evidence of toxic change. 

 
Microscopic Description: 
The slide consists of multiple sections of 
small intestine. The villi are mildly blunted 
with occasional fusion. The epithelial cells 
are minimally to mildly hypertrophied and 
somewhat disorganized. Adhered to the 
surface and within the microvilli of the 
epithelial cells are moderate numbers of 
small, 2-4 micron diameter, basophilic, 
spherical protozoa. A separate population of 
protozoa is present within the lumen 
(numbers vary from section to section). 
These organisms are piriform to crescent-
shaped, measure 5-7 microns in maximum 
dimension, and have two internal, parallel, 
oval, basophilic nuclei. 

Contributor’s Morphologic Diagnoses:  
1. Small intestine, villus blunting and 

fusion, multifocal, mild with epithelial 
cell hypertrophy and dysplasia with 
intralesional protozoa (morphology 
consistent with Cryptosporidium sp.) 
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2. Small intestine, intraluminal diploma-
nads, rare (morphology consistent with 
Giardia sp.) 

Contributor’s Comment: 
This is a case of a concurrent infection of 
both Giardia sp. and Cryptosporidium sp. in 
a laboratory animal species and setting.  
 
Cryptosporidium sp. are a group of zoonotic, 
protozoa of the phylum Apicomplexa. They 
are small, approximately 2-5 microns in 
diameter (depending on the life cycle stage) 
and are found on the epithelia of the 
gastrointestinal, respiratory, pancreatic, and 
biliary tracts of multiple animal species. 
There are many known species of Crypto-
sporidium, with some showing species 
specificity. The following are a few known 
species affecting domestic and exotic animal 
species: C. parvum in cattle, ruminants, and 
humans; C. andersoni in cattle; C. suis in 
pigs; C. felis in cats; C. canis in dogs; C 
baileyi and C. meleagridis in birds; and C. 
serpentis in reptiles.4,12 Transmission of the 
protozoa is direct via fecal-oral route and 
often occurs due to contaminated drinking 
water as well as close contact with infected 
animals.6 Pre-mortem diagnosis can be 
achieved by the rapid fecal antigen-capture 
ELISA or examining fresh feces 
microscopically.9 
 

The life cycle of Cryptosporidium is similar 
to that of other apicomplexans.4,12,14 After 
ingestion or inhalation of the oocyst stage, 
the sporozoites within the oocyst exit via 
excystation and adhere to mucosal epithelial 
cells. The sporozoites invade the cells and 
become surrounded by host cell membranes 
to form parasitophorous vacuoles. These 
vacuoles are often described as “extracyto-
plasmic” because they communicate with the 
host cell cytoplasm only via a feeder 
organelle. Within the parasitophorous vacu-
oles, the sporozoites develop into tropho-
zoites, which then undergo asexual repro-
duction to form first generation meronts or 
schizonts that contain 4-8 merozoites. These 
merozoites are released into the lumen, which 
in turn infect additional epithelial cells. 
Merozoites then form second generation 
meronts (merogony) with additional 
merozoites, or undergo sexual reproduction 
and develop into gametes (gametogony). 
Male gametes are designated as micro-
gamonts, and female gametes are known as 
macrogamonts. When combined, the gametes 
form an oocyst that then sporulates to contain 
four sporozoites. Once released, thin-walled 
sporocysts break down, released the 
sporozoites and allowing for autoinfection of 
the host. Thick-walled oocysts are passed in 
the feces.  
 
Cryptosporidium sp. classically causes 
disease in immunocompromised animals and  

 
Figure 1-1. Jejunum, common marmoset. Three 
sections of jejunum are submitted for 
examination. There is diffuse blunting of villi. (HE, 
6X)  
 

 
Figure 1-2. Jejunum, common marmoset. There is 
mild blunting of the villi (left), and villar fusion 
(right). (HE, 176X) 
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humans, particularly neonates and adults 
with underlying immunosuppressive diseas-
es. In humans, Cryptosporidium is a very 
important zoonotic agent, typically affecting 
infants and young children as well as those 
with immunosuppressive conditions, most 
notably HIV.2 Interestingly, disease in SIV-
macaques has been reported to mimic an 
extraintestinal disease seen in HIV-infected 
patients.8,13 In most animal species, espec-
ially young cattle, the protozoan generally 
causes a malabsorptive diarrhea of varying 
severity as a result of damage to the villi of 
enterocytes and, to a lesser extent, due to a 
reduction in overall absorptive surface area 
by the organisms themselves. Furthermore, 
the organism can incite a variable inflamm-
atory response in the mucosa.2 Infected 
marmosets may develop enterocolitis but 
usually remain subclinical.9 Asymptomatic 
animals may become carriers and continue to 
intermittently shed the organism. 
 
Giardia sp. are zoonotic, diplomonads that 
belong to the family Hexamitidae. They are 
typically found in the lumen of the small 
intestinal tract and are one of the more 

common flagellates of mammals and birds.4 

Unlike other members of the family 
(Spironucleus, Trichomonas), Giardia lack 
an undulating membrane – the trophozoite 
form contains two nuclei, two median bodies, 
two axonemes, and four pairs of flagella. 
Currently, there are six known species that 
infect a wide range of animal species: G. 
agilis in amphibians, G. ardeae and G. 
pstittaci in birds, G. muris and G. microti in 
rodents, and G. duodenalis in mammals.10 
Furthermore, Giardia duodenalis (a.k.a. 
Giardia lamblia or Giardia intestinalis) has 
several known, morphologically similar 
genotypes, each of which show some species 
specificity: assemblages A and B commonly 
infect humans; assemblages A and E infect 
hoofstock; assemblages C and D infect dogs; 
and assemblage F infects cats.10 
 
The life cycle of Giardia sp. is rather simple 
in comparison to Cryptosporidium. There are 
two stages of the parasite: cyst and 
trophozoite.4,12 The environmentally-
resistant cyst is the infective form of the 
parasite, and is passed in the feces. Once 
ingested, excyzoites are released, and 

 
Figure 1-3. Jejunum, common marmoset. Cryptosporidial schizonts (smaller) and gamonts (larger) line the villar 
epithelium. (HE, 716X) 
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transform into trophozoites, which then 
adhere to the microvilli of intestinal epithelial 
cells by an adhesive disk on the ventral 
surface of the organism.16 The trophozoites 
will then replicate and encyst, followed by 
passage in the feces. Transmission is direct 
via fecal-oral route and, like Crypto-
sporidium, often occurs due to contaminated 
food and water sources. Diagnosis is 
typically made by demonstrating protozoal 
cysts in fecal floats or trophozoites in fecal or 
intestinal smears. Additionally, an ELISA 
and immunofluorescent staining of the cyst 
wall can be used for detection of the organism 
in feces. 
 
Disease caused by Giardia is generally 
asymptomatic in humans and most animal 
species6 and usually does not incite a 
significant host inflammatory response.2 

However, in young dogs and cats, Giardiasis 
is an important cause of chronic diarrhea. 
Moreover, Giardia is associated with enteric 
disease in neonatal calves, especially those 
with a poor growth rate. Infected marmosets 
do not usually show evidence of clinical 
disease, but will intermittently shed the 
organism.9 Furthermore, Giardia may be a 
contributing factor to marmoset wasting 
syndrome.7  
  
Contributing Institution:  
Johns Hopkins University School of 
Medicine 
Department of Molecular and Comparative 
Pathobiology 
http://www.hopkinsmedicine.org/mcp 
  
JPC Diagnosis:  
1. Jejunum: Villar blunting and fusion, 

diffuse, mild to moderate with numerous 
intracellular apicomplexans, etiology 
consistent with Cryptosporidium sp. 
  

2. Jejunum, lumen: Few extracellular 
flagellates, etiology consistent with 
Giardia sp. 

 
3. Mesentery: Fat atrophy, diffuse, marked. 
 
JPC Comment:  
The contributor provides a thorough review 
of Cryptosporidium sp. and Giardia sp., two 
important zoonotic apicomplexan parasites 
encountered in many veterinary species.  
 
Cryptosporidum sp. was first identified in 
laboratory mice by Tyzzer in 1907, but its 
role as a pathogen wasn’t recognized until the 
1970s when it was identified to cause disease 
in mammals, particularly calves. In immuno-
competent mammalian hosts, cryptospor-
idiosis is generally a self-limiting disease. 
When infected, humans typically exhibit a 3-
7 day incubation period followed by an acute 
onset of diarrhea and abdominal cramping 
with symptoms typically lasting 7-10 days. 
As noted by the contributor, crypto-
sporidiosis presents a serious risk to 
immunocompromised hosts and is one of the 
most serious opportunistic infections facing 
AIDs patients.5    
 
Additional flagellates other than Giardia sp. 
that parasitize the intestinal tract include 
Spironucleus sp. and trichomonads. Each 

 
Figure 1-4. Jejunum, common marmoset. A 
Giemsa stain is useful for demonstrating 
cryptosporidia. (Giemsa, 400X) 
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have distinguishing characteristics, some of 
which are more apparent in tissue sections 
whereas others are best demonstrated in fresh 
fecal preparations. All are similar in size, 
with Spironucleus sp. being the smallest (5-
12µm x 2-7µm trophozoites), followed by 
trichomonads (8-14µm trophozoites), and 
Giardia sp. being the largest (10-20µm x 5-
15µm trophozoites with 10-14µm x 8-10µm 
cysts). In fresh fecal smears, Spironucleus sp. 
can be identified as small piriform flagellates 
that lack a sucking disk. Trichomonads are 
also characterized by a pear shape but are 
larger with a pointed posterior end from 
which a linear axostyle may protrude, a 
single nucleus, 3-5 anterior flagella, and an 
undulating membrane contiguous with the 
posterior flagellum. Trichomonad tropho-
zoites are destroyed by floatation solutions 
but can be identified in preparations using 
saline. In tissue sections, Giardia sp. are 
often closely opposed to the mucosal 
epithelium with a ventrally flattened 
appearance due to the ventral adhesive disk, 
which is a specialized feature allowing for 
close association to the mucosal epithelium. 
In contrast, trichomonads have a rounder 
profile without ventral flattening in 
association with the small intestine mucosal 
epithelium, lack a cyst stage, have a single 
nucleus, and an undulating membrane. 

Centrifugation floatation using 33% ZnSO4 is 
preferred over fresh feces for the detection of 
Giardia sp. cysts. In addition, Giardia sp. 
trophozoites have a characteristic “falling 
leaf” or wobbling swimming motion in fresh 
fecal smears, which aids in distinguishing 
them from trichomonads.11 

 
Although marmosets (Callithrix sp.) have a 
long history of being kept as pets, biomedical 
research saw a dramatic rise in their 
utilization following the establishment of the 
National Institutes of Health (NIH) primate 
centers program in the early 1960s. Multiple 
factors make these New World primates ideal 
models for biomedical research, including an 
approximately 93% sequence identity to the 
human genome (similar to macaques), small 
size (adults typically weight 300-450g), 
relatively short lifespan in comparison to 
other primates (13 years on average), and 
they are the most fertile of the primates, 
reaching sexual maturity by 1.5 years of age 
and produce litters of 2-3 offspring every 5-6 
months. Marmosets are particularly well 
suited for cognition, behavior, and mental 
illness research studies given their shared 
functional brain architecture and behaviors 
with humans. Unlike Old World monkeys 
(OWM), marmosets have a lissencephalic 
(smooth) cortex, which greatly facilitates the 
recording and manipulation of brain activity 
in comparison to their OWM counterparts. 
Susceptible to a number of viruses, including 
hepatitis C, dengue, herpesvirus, SARS, 
Marburg, and Ebola, marmosets are ideal 
models for pharmacology and toxicology 
studies, especially since smaller amounts of 
test compounds are required due to their 
small body size. The most commonly used 
species is the common marmoset (C. 
jacchus), in addition to black-tufted and 
white-headed or Geoffroy’s marmosets.3 

 
One of the most significant problems facing 
captive marmoset colonies is ‘wasting 

 
Figure 1-5. Jejunum, common marmoset. Rare 
pyriform Giardia are present within the lumen 
and adjacent to the mucosal epithelium. (HE, 
716X) 
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marmoset syndrome’ (WMS), which affects 
28-60% of captive marmosets and is involved 
in 50-80% of deaths. Multiple reports state 
the primary disease of WMS is an 
inflammatory bowel disease (IBD) with 
chronic enteritis.14 Common symptoms 
include weight loss, decreased muscle mass, 
alopecia (commonly at the tail base), and 
chronic diarrhea. One study found most 
marmosets weighing less than 325g were 
affected by WMS and 100% of affected 
marmosets suffered chronic weight loss of 
0.05% of the peak body weight per day.1  

 

Common bloodwork abnormalities assoc-
iated with WMS include anemia, hyper-
proteinemia, hypoalbuminemia, and elevated 
serum alkaline phosphatase. However, post-
mortem examination is the gold standard for 
the diagnosis of WMS, with the hallmark 
lesion being chronic lymphoplasmacytic 
enterocolitis. The underlying cause of WMS 
is unknown with proposed etiologies 
including food allergies, parasitism, and 
autoimmune disease. WMS can significantly 
disrupt research studies and breeding 
programs as affected animals are often not 
identified until late in the disease process.1  
 
One study found matrix metalloproteinase 9 
(MMP9) serum levels are be significantly 
elevated in marmosets affected by WMS. 
This enzyme is thought to play a role in the 
pathogenesis of similar inflammatory 
conditions, including human and murine 
inflammatory bowel disease, by degrading 
extracellular matrix components. Therefore 
MMP9 may not only be useful as a biomarker 
for WMS diagnosis but also as a target of 
therapeutic intervention.13 A more recent 
study found marmosets with WMS treated 
with transexamic acid, in combination with 
amino acid and iron supplementation, to have 
reduced serum MMP9 levels, ameliorated 
alopecia, and increased body weight and 
hematocrit. These animals continued to gain 

or maintain body weight for at least three 
months following the experiment. 
Transexmanic acid suppresses MMP9 by 
inhibiting its activator, plasmin.15  
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CASE II:  
 
Signalment:  
11-years-old, female, Miniature schnauzer, 
dog (Canis familiaris) 
 
 
 

History:  
The dog presented with subcutaneous mass in 
left submandibular area. The mass was 
resected, and submitted to pathological 
examination.  
 
Gross Pathology:  
The mass was solid. The cut surface of the 
mass was solid and firm, and brown-gray in 
color. The mass was considered as the 
mandibular gland because of the location 
adjacent to the parotid gland. 
 
Laboratory Results:  
No laboratory findings reported. 
 
Microscopic Description: 
Extensive coagulative necrosis of the 
mandibular gland was observed with 
presentation of the lobular architecture. 
There was thrombosis of small and large 
vessels in the necrotic areas. The affected 
lobule of the mandibular gland was 
surrounded by thick fibrous capsule. In the 
peripheral area of lobule beneath fibrous 
capsule, there was ductal hyperplasia and 
squamous metaplasia of ductal epithelium 
with edema, hemorrhage and inflammatory 
cell infiltration. The hyperplastic ducts 
sometimes reached to lobular capsule. Ductal 
epithelium had vesicular nuclei with mild 
anisokaryosis and small number of mitoses, 
but no plemorphism or atypia. Hyperplastic 
ducts were lined by basement membranes 
and did not show any invasion to surrounding 
tissues. In the parotid gland adjacent to the 
mandibular gland, there was slight 
enlargement of ducts, however no necrosis or 
other histological abnormalities were found. 
 
Contributor’s Morphologic Diagnoses:  
Necrotizing sialometaplasia. 
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Contributor’s Comment: 
Necrotizing sialometaplasia (NS) is rarely 
reported in animals, although naturally 
occurring cases have been reported in dogs 
and cats, in addition to one spontaneous case 
in rabbit and one experimentally induced 
case in a rat.1,3,5,7 NS has been reported to 
account for 6% (9/160) of canine salivary 
gland diseases and most cases were seen in 
small breed dogs, primarily terriers. NS most 
commonly affects the mandibular gland in 
dogs, although the parotid salivary gland was 
reported to be affected in one case.3,5 Any 
salivary gland may be affected in  humans; 
most cases have been reported in the oral 
cavity, commonly at the junction of hard and 
soft plates.9 

 
The exact etiology and pathogenesis NS is 
not known. The causes are thought to be 
vascular injury, type III hypersensitivity, 
Bartonella spp. infection, or immune 
mediated vasculitis.3,5,7 The most widely 
accepted theory explaining the etiology of 
NS is injury of the blood vessels, leading to 
ischemic and infarction of the salivary gland 
acini. It is unclear if the dog in this case had 
traumatic vascular injury, as vasculitis is not 
observed in the examined tissue sections. 
 
The main histological features of NS 
observed in this case include extensive 
coagulative necrosis of salivary tissue, 
vasculopathy including vascular thrombosis 
and/or fibrinoid degeneration, squamous 
metaplasia of ducts and acini, and variable 
inflammation and fibrosis. These features are 
easily and often misinterpreted as malignant 
transformation. Hyperplastic ductal elements 
and squamous metaplasia are often mistaken 
for squamous cell carcinoma. Some 
characteristics used to distinguish NS from 
squamous cell carcinoma include presser-
vation of the general lobular structure of 
salivary gland and absence of atypical nuclei 
in the metaplastic squamous epithelium. 

Fibrinoid necrosis of arteries was not 
observed on our case, however, the 
histological features were identical to the 
characteristics of NS and sufficient to 
diagnose as NS. 
  
Contributing Institution:  
Laboratory of Pathology, Faculty of 
Pharmaceutical Sciences, Setsunan 
University,  
45-1 Nagaotohge-cho, Hirakata, Osaka 573-
0101, Japan 
 
JPC Diagnosis:  
Salivary gland, submandibular: Coagulative 
necrosis (infarct), focally extensive, with 
ductular degeneration, necrosis, and 
regeneration, and acinar atrophy. 

JPC Comment:  
The contributor provides a concise review of 
a unique lesion frequently mistaken for a 
neoplastic process by neophyte pathologists. 
A recent retrospective study of salivary gland 
diseases in 179 dogs found only 2.2% of 
salivary glands submitted to be consistent 
with necrotizing sialometaplasia. In contrast, 
the most common diagnosis was non-specific 

 
Figure 2-1. Submandibular salivary gland, dog. A 
section of a bisected salivary gland is presented 
for examination. Several lobules are necrotic and 
have lost stain affinity (lower right). There is 
ductal proliferation at top center. (HE, 6X) 
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sialoadenitis(20.1%), and lipomatosis 
(3.9%). Nearly 70% of the lesions noted in 
this case series affected a major extraoral 
salivary gland, with the mandibular salivary 
gland being the most common.4  
 
 In regard to neoplastic disease, 88.8% of 
neoplasms were epithelial, followed by round 
cell (5.5%), carcinosarcoma (2.7%), and 
undetermined (2.7%). Of the 36 epithelial 
neoplasms, the most common type was 
adenocarcinoma (14/36), followed by 

mucoepidermoid carcinoma (10/36), acinic 
cell carcinoma (7/36), and squamous cell 
carcinoma (1/36). Lipomatosis was char-
acterized by widespread expansion of 
salivary glands by adipocytes with secondary 
lobular atrophy.4 

 
Patients affected by necrotizing sialo-
metaplasia may present with mild to severe 
clinical signs. Mild cases are typically 
characterized by unilateral swelling of the 
affected salivary gland with occasional 
pyrexia and anorexia. These cases typically 
resolve within 10 days regardless of medical 
intervention. In contrast, severe cases 
manifest with extreme pain, nausea, 
dysphagia, anorexia, gagging, and vomiting. 
These cases are rare and nearly always affect 
young small terrier breeds. Unfortunately, 
excision of the affected gland is not curative 
in these severe cases and euthanasia is often 
elected due to intractable pain and vomiting. 
 

 
Figure 2-2. Submandibular salivary gland, dog. The lobule at right is infarcted. The lobule at left is effaced by 
granulation tissue and proliferating regenerating salivary ducts. (HE, 35X) 
 

 
Figure 2-3. Submandibular salivary gland, dog. 
Higher magnification of the infarcted lobules and 
edematous interlobular septa. (HE, 164X) 
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Although both the mild and severe forms 
have identical histologic features, some 
authors suggest using the term “salivary 
gland infarction” to define patients with 
clinical signs consistent with the mild form of 
the disease whereas “necrotizing 
sialometaplasia” should be reserved for small 
terrier breeds demonstrating severe clinical 
signs.6  
 
As noted by the contributor, necrotizing 
sialometaplasia in histologic sections is 
characterized by extensive, well-demarcated 
areas of coagulative necrosis bordered by 
mixed inflammatory cells and fibrosis, 
vascular thrombosis, and hyperplastic ducts 
with squamous metaplasia. Necrotizing 
sialometaplasia can closely resemble salivary 
gland carcinoma or squamous cell 
carcinoma, particularly if only small tissue 
sections are examined. However, key 
distinguishing features consistent with 
necrotizing sialometaplasia include 

extensive, well-demarcated regions of 
infarction with normal adjacent salivary 
gland tissue with a lack of solid acinar 
proliferation.4   
 
Humans are similarly affected by necrotizing 
sialometaplasia, though the distribution 
differs from those described in companion 
animals. In humans, necrotizing sialometa-
plasia most commonly affects the minor 
salivary glands of the hard palate whereas the 
mandibular salivary gland is most commonly 
affected in canines and felines. As in 
veterinary species, the underlying patho-
genesis is unclear but the disease is believed 
to occur due to ischemia of the salivary gland 
lobules with subsequent infarction. Potential 
causes of ischemia identified in humans 
include direct trauma, alcohol and cocaine 
use, radiation, administration local 
anesthetics with vasoconstriction agents, 
surgical procedures, tobacco products, and 
bulimia. In humans, immunohisochemical 

 
Figure 2-4. Submandibular salivary gland, dog. Higher magnification of the ductal regeneration. Lining epithelium 
is hyperplastic and hypertrophic. Ducts with lumina contain moderate numbers of neutrophils. (HE, 226X) 
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stains for cytokeratin 7 (CK7) and α-smooth 
muscle actin are often used to definitively 
differentiate necrotizing sialometaplasia 
from neoplastic disease. Squamous cells 
associated with necrotizing sialometaplasia 
are commonly immunopositive for CK7 
while most squamous cell carcinomas are 
not. In cases of necrotizing squamous 
metaplasia, islands of epithelial cells are 
typically surrounded by a residual layer of 
myoepithelial cells immunoreactive to α-
smooth muscle actin whereas most squamous 
cell carcinomas and mucoepidermoid 
carcinomas are negative.2 
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CASE III:  
 
Signalment:  
Male NSG (NOD.Cg-PrkdcscidIl2rgtm1Wjl/ 
SzJ) mouse. Age unknown. 
 
History:  
The colony was recently treated with 
trimethoprim sulfamethoxazole for an 
outbreak of diarrhea. Several animals have 
been found dead or presented moribund. 
 
Gross Pathology:  
The mouse was in poor body condition with 
scant amounts of visceral fat. The left cranial 
lung lobe was effaced by a 1 X 0.8 X 0.8 cm 
mass (abscess) containing some white to 
yellow/green material (pus), with multifocal 
nodules throughout the rest of the left lung. 
Right lung was not affected.  
 
Laboratory Results:  
Bacterial culture of the lungs returned 
Klebsiella pneumoniae (string test negative).  

 
Figure 2-5. Submandibular salivary gland, dog. 
Some lobules are fibrotic, with ductal 
regeneration apposing acinar atrophy. (HE, 115X) 
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Microscopic Description: 
Lung: The submitted lung section consists of 
a large expansile abscess that severely 
effaces the pulmonary parenchymal archi-
tecture as well as multiple discrete foci of 
severely distended bronchioles plugged with 
basophilic necropurulent and proteinaceous 
exudative material. The abscess is composed 
of large core of necrotic and proteinaceous 
material surrounded by massive numbers 
degenerate neutrophils, karyorrhectic debris, 
basophilic lytic chromatin and mineralized 
material admixed with multifocal aggregates 
of intralesional bacilli. The periphery of the 
abscess is composed of a variable thick band 
of collagen fibers admixed with hypertrophic 
stromal cells, numerous large foamy 
macrophages and abundant neovascular-
ization. The affected bronchioles, are filled 
with basophilic concretions of large numbers 
of degenerate neutrophils, ghost cells, 
karyorrhectic debris, fibrin deposition, 
aggregates of bacilli, with few dispersed, 
eosinophilic, linear to rhomboid crystalline 
material. There is also marked attenuation of 
bronchiolar epithelium or loss of epithelium 
lining. There is expansion and splitting of the 

bronchial walls by edema and associated 
inflammation. Most of the alveoli between 
these dilated bronchioles are filled with 
aggregates of degenerate neutrophils, pro-
teinaceous material along with prominent 
alveolar septal necrosis, type II pneumocyte 
hyperplasia, edema, vascular congestion, and 
mild hemorrhage. In less affected areas, the 
alveolar space is occupied by a few foamy 
macrophages, and multinucleated giant cells 
are also rarely noted.  
 
Contributor’s Morphologic Diagnoses:  
1. Lung: Severe, multifocal to coalescing, 

acute, necrotizing fibrinosuppurative 
bronchopneumonia, with pulmonary 
abscessation, septal necrosis, type II 
pneumocyte hyperplasia, pulmonary 
edema, congestion, and intralesional 
bacilli. 
 

2. Mild, multifocal, chronic, histiocytic 
pneumonia, with intraalveolar eosino-
philic crystals, lung, mouse. 

 
 
 

 
Figure 3-1. Lung, mouse: Large areas of the lung are replaced by an abscess (left) and lytic necrosis which are 
centered on airways. (HE, 5X) 
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Contributor’s Comment: 
This case presents a classic Klebsiella 
pneumoniae lesion: bacterial pneumonia with 
extensive lytic necrosis.1 This mouse also had 
a severe multifocal fibrinosuppurative 
meningitis (not shown), a lesion commonly 
seen in human patients.6 Klebsiella pneu-
moniae is a common commensal bacterial 
species found in the gastrointestinal tract of 
healthy mice, but can be an opportunistic 
pathogen especially for immunocomp-
romised mice.6 In recent years the emergence 
of hypervirulent strains, characterized by 
their thick capsule which produces a 
hyperviscomucoid phenotype (as identified 
using the “string test”) have emerged as 
important pathogen in nosocomial and 
community acquired infections in humans.8 
The strains of Klebsiella pneumoniae isolated 
from this colony of the present case were 
overwhelmingly “classical” or non-hyper-
virulent.  
 
The presented mouse came from a colony, 
which were previously treated with 
TMP/SMX for an outbreak of diarrhea; many 
of the Klebsiella pneumoniae strains isolated 
from this colony were resistant to this 
antibiotic; Klebsiella pneumoniae commonly 
contain multiple antibiotic resistance genes.7 
While it is unclear in this case what role the 
antibiotic treatment played, it is well 
established that antibiotic induced dysbiosis 
can allow the overgrowth of normal 
microbiome species, leading to disease.1 This 
mouse, along with several in this room, also 
had a high burden of trichomonads, later 
confirmed on PCR to be Tritrichomonas 
muris. These organisms are normally thought 
of as non-pathogenic and was considered an 
incidental finding.1  
 
NSG (NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ) mice 
contain several critical mutations 
(NOD/ShiLtJ background with severe 
combined immune deficiency mutation (scid) 

and an interleukin-2 (IL-2) receptor gamma 
chain deficiency). These mice do not have 
functional T and B cells, NK cells, and 
hemolytic complement; they lack cytokine 
signaling due to deficiency of IL-2 gamma 
chain as the common receptor.3 Because of 
profound immunodeficiency, NSG mice have 
been widely used for research of 
xenotransplantation, serving as “humanized 
mice”.3 Severe immunocompromised con-
dition also put NSG mice in high risk of 
opportunistic bacterial infections. A report 
has revealed that spontaneous mortality had 
occurred in NSG mice, and 10-20% of 
mortality was caused by nephritis associated 
with Enterococcus sp. or Klebsiella oxytoca, 
both of which were opportunistic pathogens.3 
Previously, there have been case reports with 
thorough reviews regarding Klebsiella 
pneumonia in CyBB knockout mouse (Mus 
musculus, JPC 4101147) and Klebsiella-
induced meningoencephalitis in NSG mouse 
(Mus musculus, JPC 4128009). This case 
will be a great comparison for previous cases. 
 
In humans, the K. pneumoniae infection 
could turn into serious nosocomial diseases, 
also known as Klebsiella-associated 
syndromes (KAS). The pathological 
manifestations are liver abscesses, 
pneumonia, and bacteremia, potentially 
meningoencephalitis and endophthalmitis.2,5 
In non-human primates, K. pneumoniae 
infection is not common. A study in 20205 

 
Figure 3-2. Lung, mouse. Within the abscess, 
admixed with cellular debris, are large aggregates 
of deeply basophilic nuclear protein (HE, 335X)  
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revealed that a total number of 9 
predominantly outdoor-housed rhesus maca- 
ques (Macaca mulatta) presented for 
pneumonia (n=6), meningoencephalitis 
(n=7), endophthalmitis/optic neuritis (n=3), 
liver abscess (n=2), and other nonspecific 
findings such as gastric rupture (n=1), 
endometriosis (n=1), amyloidosis in 
liver/kidneys/intestines (n=2), thyroid tumor 
(n=1), and colonic adenocarcinoma (n=1). 
These animals tested positive for K. 
pneumonia through PCR or bacterial culture, 
from tissues of lung, brain, bone marrow, 
pleura, and peritoneum.5 Another study 
showed that 7 African green monkeys 
(Chlorocebus aethiops) presented multi-
systemic abscesses in abdominal cavity or in 
lungs, with positive bacterial culture of K. 
pneumonia with a hyperviscous mucoid 
phenotype in the string test.10 

 
There are very few case reports of K. 
pneumonia in other animal species. A case 
report revealed 7 California Sea Lions 
(Zalophus californianus) presented with 
severe purulent bronchopneumonia, 

fibrinonecrotizing pleuritis, and pyothorax, 
and infection of hypervirulent (hypervis-
comucoid) strain of K. pneumoniae was 
confirmed through serotyping, PCR, 
sequencing, and immunohistochemistry.9 

 
Klebsiella pneumonia posted a zoonotic 
potential, since the bacteria shares the 
common molecular/phenotypes between 
humans and animals.11 Eosinophilic 
crystalline pneumonia, also known as 
acidophilic macrophage pneumonia (AMP), 
is a common background lesion in lab 
animals. The eosinophilic crystals are 
composed of Ym1 and Ym2 chitinase, with 
iron, alpha-1 antitrypsin, immunoglobulin, 
and fragments of granulocytes. 4  
  
Contributing Institution:  
The Division of Comparative Medicine, 
Massachusetts Institute of Technology 
https://comp-med.mit.edu/ 
  
 
 
 

 
Figure 3-3. Lung, mouse. In the other half of the lung, airways are expanded by large numbers of necrotic neutrophils 
and cellular debris. (HE, 27X)  
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JPC Diagnosis:  
Lung: Bronchopneumonia, necro-suppur-
ative, multifocal to coalescing, severe, with 
abscessation. 
 
JPC Comment:  
The contributor provides an excellent review 
of manifestations of Klebsiella sp. infection 
reported in various species. 
 
Klebsiella pneumoniae is a gram-negative, 
non-motile, encapsulated, facultative 
anaerobic, non-spore forming, non-
flagellated, bacillus in the Enterobacter-
iaceae family. K. pneumoniae has numerous 
virulence factors, including (but not limited 
to) its capsule, lipopolysaccharide (LPS), 
siderophores, and fimbriae (also known as 
pili).  
 
The capsule is composed of an extracellular 
polysaccharide matrix that surrounds the 
bacteria. Classic strains of K. pneumoniae 
produce capsules with serotypes K1 to K78, 
with K1 and K2 being more pathogenic. 
Highly virulent (HV) strains amplify the 
production of capsular material, resulting in a 
hypercapsule, and are predominately of the 
K1 serotype with fewer in the K2 serotype. 
The capsule significantly contributes to K. 

pneumoniae’s pathogenesis by inhibiting 
phagocytosis, hindering the bactericidal 
action of antimicrobial peptides such as β-
defensins and lactoferin, preventing 
complement-mediated lysis and opsonization 
by blocking the binding of complement (e.g. 
C3), and downregulates the immune response 
by decreasing reactive oxygen species, IL-8, 
IL-6, and TNF-α production via activating a 
NOD-dependant pathway and shielding LPS 
recognition by TLR receptors. Enhanced 
capsule production may occur in HV strains 
in multiple ways, including expression of 
mucoid phenotype A (rmpA) and rmpB as 
plasmid-borne transcription regulators, 
chromosomal expression of rmpA, and 
regulation of the capsule synthesis A and B 
genes (rcsA and rcsB). In addition, 
hypercaspule production may also be 
initiated independantly by the chromosomal 
mucoviscosity-associated gene A (magA), 
which is restricted to K1 strains.8 

 
LPS is a component of gram-negative 
bacteria and is composed of three major 
components: lipid A, an oligosaccharide 
core, and O antigen. Lipid A is connected to 
the bacteria’s membrane and is a well-known 
pathogen associated molecular pattern 
recognized by TLR4. TLR4 activation leads 

to the recruitment of 
neutrophils and macro-
phages via production 
of cytokines and che-
mokines. However, 
multiple strains of K. 
pneumoniae evade 
TLR4 activation thr-
ough various mechan-
isms, including mask-
ing of LPS with the 
capsule (K1, K10, and 
K16 strains), damp-
ening TLR4 signaling 
using the capsule, or 
potentially modify LPS 

 
Figure 3-4. Lung, mouse. Areas of lytic necrosis are partially to circumferentially 
bound by cuboidal airway epithelium, demonstrating that they arise in airways. 
(HE, 27X) 
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into a no longer recognizable form. LPS 
remodeling has been reported to occur in 
other bacteria such as Yersinia pestis and 
Helicobacter pylori.7  
 
The O antigen of LPS also protects the 
bacterium from complement mediated 
destruction. Although K. penumoniae is 
recognized by the classical, alternative, and 
lectin complement pathways, strains with the 
full length O antigen (or “smooth LPS”) are 
protected from the effects the membrane 
attack complex by binding complement (i.e. 
C3b) far away from the cell membrane, 
rendering the membrane attack complex 
ineffective. Strains with a truncated or absent 
O antigen (or “rough LPS”) are more 
susceptible to killing via the classical 
complement pathway due to the increased 
ability for C1q to bind to the cell’s surface.8    
 
 Fimbriae are a common feature of almost all 
members of Enterobacteriaceae, including 
K. pneumoniae, which has both type 1 and 
type 3 fimbriae. Type 1 fimbriae are 

composed of FimA subunits with the FimH 
subunit at the tip. These filamentous, 
membrane-bound, adhesive structures facil-
itate K. pneumoniae's ability to colonize the 
urinary tract in addition to biofilm formation. 
However, type 1 fimbriae are also 
immunogenic, as they amplify lectino-
phagocytosis by macrophages and neutro-
phils while the FimH subunit also binds to 
mast cells, resulting in increased immune cell 
activation and recruitment of neutrophils. 
Interestingly, K. pneumoniae appears to 
regulate the expression of type 1 fimbriae 
genes as they’re expressed within the urinary 
tract but not in the gastrointestinal tract or 
lungs. Type 3 fimbriae are helix-like, 
membrane bound, adhesive structures that 
are notably required for the formation of 
biofilm production and adhesion on medical 
devices such as endotracheal tubes, giving 
the bacteria access to the lungs.8 

 
The fourth major virulence factor utilized by 
K. pneumoniae is its use of siderophores to 
scavenge iron from the host. As with many 

bacteria, the pathogen 
requires iron in order to 
thrive, which corre-
lates to iron seques-
tration by the host as a 
component of the 
innate immune respon-
se. Under normal con-
ditions, iron is typ-
ically bound to trans-
port molecules such as 
transferrin; however, 
mammalian species 
shift iron to lactoferrin, 
an innate defense 
protein, during bac-
terial infections. Sid-
erophores possess 
higher affinities for 
iron than host transport 
proteins and also have 

 
Figure 3-5. Lung, mouse. A Brown-Hopps Gram stain demonstrates small bacilli 
within macrophages. (BH, 600X) 
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the ability to liberate iron from chelating 
proteins while also scavenging iron from the 
environment. K. pneumonia has been found 
to produce one or more of the following 
siderophores: enterobactin aerobactin, 
salmochelin, and yersiniabactin. Nearly all 
classical and HV strains of K. pneumoniae 
produce enterobactin, which is considered to 
the primary iron uptake system utilized by 
this species.8 

 
K. pneumoniae possesses many additional 
virulence factors, including outer membrane 
proteins (OMPs), porins, efflux pumps, and 
transporters, which in combination with the 
previously described factors impart a high 
level of resiliency to this pathogen, making it 
particularly well suited to resist both host 
immune defenses as well as therapeutic 
intervention.8 

 

Conference attendees discussed the sig-
nificance of eosinophilic crystals consistent 
with acidophilic macrophage pneumonia 
(MAP). It is unclear if MAP is simply a 
background lesion or developed secondary to 
the severe bronchopneumonia observed in 
this case. In addition, most participants noted 
bacteria consistent with K. pneumoniae were 
inapparent in their sections, highlighting the 
importance of bacterial culture in regard to 
the determination of an etiologic diagnosis in 
similar cases. 
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CASE IV:   
 
Signalment:  
4-month-old, female intact (Mustela putorius 
furo) ferret. 
 
History:  
A mass was noted in the caudal abdomen and 
the ferret was euthanized. Coronavirus was 
suspected. 
 
Gross Pathology:  
The adrenal gland is markedly enlarged (up 
to 3x). The normal parenchyma is extensively 
replaced by multiple cysts filled with serous 
fluid, regions of haired skin, and bone 
/cartilage, which markedly compress a thin 
rim of adrenal cortex. 
 
Laboratory Results:  
No laboratory findings reported. 
 
Microscopic Description: 
The adrenal gland is extensively effaced and 
replaced by a well demarcated, expansile, 
encapsulated population of neoplastic cells 
derived from the ectoderm, mesoderm, and 
(suspected) endoderm. Ectodermal compo-
nents occupy 60% of the mass and consist of 
attenuated stratified squamous epithelium 
that lines a large cystic space filled with 
lamellated keratin, eosinophilic fluid, 
degenerate neutrophils, and foamy 
macrophages. The underlying dermis 
contains dilated hair follicles, sebaceous 
glands, and dilated apocrine glands overlying 
sheets of well-differentiated adipose tissue. A 
second type of cyst occupying 10% of the 
mass is lined by an attenuated simple 
columnar to cuboidal ciliated epithelium with 
rare goblet cells and is filled with 
eosinophilic and basophilic flocculent 
material, foamy macrophages, and 

karyorrhectic debris. This mass markedly 
compresses a thin rim of remnant 
adrenocortical cells characterized by sheets 
of eosinophilic foamy polygonal cells with 
central round nuclei. Mesodermal compo-
nents occupy 30% of the mass and consist of 
large islands of mature trabecular bone lined 
by a single layer of osteoblasts surrounded by 
bone marrow, rare partially mineralized 
islands of cartilage, and dense fibrous 
connective tissue. 
 
Contributor’s Morphologic Diagnoses:  
Adrenal: teratoma, ferret (Mustela putorius 
furo) 
 
Contributor’s Comment: 
Teratomas are germ cell neoplasms derived 
from at least two of the three embryonic germ 
layers: the ectoderm (that gives rise to 
epithelia, adnexa, and the nervous system), 
the mesoderm (connective tissue, muscu-
loskeletal, urogenital, and cardiovascular 
system) and the endoderm (gastrointestinal 
epithelium, respiratory glandular epithelium, 
liver, and pancreas).1 In domestic animals, 
the majority of teratomas occur in the gonads 

 
Figure 4-1. Adrenal gland, ferret. The adrenal 
gland is enlarged. Upon section, large cysts 
containing hair shafts and a focal area of bone 
(left) are visible. (Photo courtesy of : Michigan 
State University VDL, 4125 Beaumont Road, 
Lansing, MI 48910-8104.) 
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but interestingly in ferrets, teratomas most 
commonly arise within the adrenal gland.5 In 
one report of adrenal teratomas in four 
ferrets, the majority of neoplasms contained 
tissues form all three germ cell layers 
including bone, bone marrow, cartilage, 
teeth, haired skin, brain tissue, peripheral 

nerves, respiratory epithelium, and gut 
epithelium. They reported that teratomas 
were rarely bilateral and rarely metastasized 
to the mesenteric lymph node.14 The 
histogenesis of extra-gonadal teratomas is 
unclear; however, neoplastic cells are 
thought to arise from diploid pluripotent 
precursor cells.13 In addition to ferrets, 
adrenal teratomas have been reported in 
humans, an ox, and a rat.6,7,11 
 

In the ferret, gross differentials for an adrenal 
mass include (from most to least common): 
adrenocortical hyperplasia, carcinoma, 
adenoma, pheochromocytoma, leiomy-
oma/sarcoma, spindle cell sarcoma, and 
neuroblastoma.2 Adrenal teratomas are not 
hormonally active. They are therefore, easy 
to clinically differentiate from adrenocortical 
tumors and/or hyperplasia, which produce 
excess estrogen and estrogen precursors. The 
excess estrogen induces the telltale signs of 
adrenal-associated endocrinopathy including 
bilaterally symmetric truncal alopecia, 
pruritis, vulvar swelling, inappropriate sexual 
behavior (neutered males), and dysuria 

 
Figure 4-2. Adrenal gland, ferret. Subgross 
magnification of the submitted gland 
demonstrates a large central cyst containing 
abundant proteinaceous granular fluid and 
debris, bordered dorsally by well-differentiated 
haired skin and a focal area of bone. (HE, 5X) 

 
Figure 4-3. Adrenal gland, ferret. Higher magnification demonstrating (from top to bottom): adrenal capsule and 
thin rim of adrenocortical cells, mesodermal fibrous connective tissue containing well-formed bone and marrow 
(bottom left), a thick segment of well differentiated haired skin, and a cystic area containing abundant granular 
proteinaceous debris, lamellar keratin debris, and aggregates of neutrophils. (HE, 33X) 
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(males).9 Histologically, while 
differentiating between adrenocortical 
hyperplasia vs carcinoma vs adenoma is 
challenging, distinguishing these entities 
from teratomas is straightforward.  
 
In this case, while there is clear 
differentiation into ectodermal and meso-
dermal components, suspected endodermal 
components are limited to the dilated cyst 
lined by ciliated columnar to cuboidal 
epithelium with goblet cells, which may 
represent some form of respiratory 
epithelium. Given that only two germ cell 
layers are confirmed in this case, a 
differential diagnosis to consider is a dermoid 
cyst. Dermoid cysts are defined as mature 
teratomas composed predominantly of a cyst 
lined by stratified squamous epithelium 
variably filled with lamellated keratin and 
associated with hair follicles, sebaceous 
glands, and apocrine glands. Less prominent 
components of the mass may include bone, 
cartilage, fat, or muscle.8 Teratoma remained 
the favored diagnosis in this case given that 
adrenal teratomas are a well-established 
entity in ferrets; adrenal dermoid cysts are  
rarely reported in the literature and have not 
been described in the ferret.  
  
Contributing Institution:  
Michigan State University 
https://cvm.msu.edu/vdl 
 
JPC Diagnosis: 
Adrenal gland: Teratoma.    
 
JPC Comment:  
This case represents a classic presentation of 
this entity in ferrets, while the gonads are the 
most commonly affected location in other 
domestic species.  
 
Reports of neoplasms likely to be teratomas 
(or dermoid cysts) have been found in ancient 
literature, with the earliest likely description 

of a teratoma being found on a Babylonian 
cuneiform papyrus dating to 2,000 B.C. 
Galen also described a lesion likely a 
dermoid cyst during the first century A.D.  
The first unequivocal description of an 
ovarian dermoid cyst was published by 
Johannes Scultetus in 1659, describing the 
results of an autopsy of a woman with an 
ovarian tumor. However, Leblanc first used 
the term “dermoid cyst” while describing a 
lesion in the base of a horse’s skull, 
emphasizing its gross resemblance to skin. 
The first to describe the microscopic features 
of dermoid cysts was Kohlrausch in 1843, 
who noted their histologic resemblance to 
skin. The term “teratoma” (teras; Greek for 
“monster”) was first introduced by Rudolf 
Virchow in 1863, in the first edition on his  
 book on tumors. As noted by the contributor, 
both terms are still in use today, with dermoid 
cysts restricted to dermal and epidermal 
elements (both composed of ectoderm) while 
teratomas also comprise mesodermal and 
endodermal elements.10  

 

During the Middle Ages, teratomas were 
thought to arise due to sins of the flesh, which 
is unsurprising given their often striking 
gross features. This notion was further 
supported in that the lesion often resembled a 
deformed fetus, strengthening suspicion that 
teratomas were the result of wicked sins such 
as fornication with the devil, sexual fantasies 
and dreams, and witchcraft. One account 

 
Figure 4-4. Adrenal gland, ferret. One smaller 
cyst is lined by attenuated ciliated respiratory 
epithelium (HE, 617X) 

about:blank
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describes “…a male child developed so 
completely in the thigh of its father, …as to 
permit being brought into the world alive by 
an operation at the end of nine months.” The 
report went on to discuss the need for baptism 
in such cases. Multiple theories have 
subsequently arisen over the following 
centuries to their cause, including a 
prerequisite of sexual relations, consumption 
of human teeth and bones, in situ pregnancies 
induced by misery and disgrace, a parasitic 
fetus, and parthenogenesis.10 

 
In companion animals, teratomas are most 
commonly benign but can also be malignant 
with distant metastasis of one or more of the 
components. The histogenesis of these 
neoplasms likely varies depending on the site 
of origin. Gonadal teratomas thought to 
develop from parthenogenetic development  
of haploid post-meiotic germ cells or diploid 
premeiotic germ cells whereas extragonadal  
 teratomas likely originate from undiffer-
entiated diploid pluripotent progenitor cells. 
Although the incidence of extragonadal 
teratomas is very low, they are not restricted 

to the adrenal gland. Non-adrenal 
extragonadal teratomas are typically 
congenital, found along the midline, and have 
been reported in humans, ducks, rabbits, rats, 
mice, an ox, a kitten, a sheep, a calf, and a 
blue heron.14 

 
Interestingly, the first case of malignant 
testicular teratoma (i.e. testicular terato-
carcinoma) in a ferret was recently reported 
in a 7 month old ferret that initially presented 
for an enlarged left testicle. The testicular 
mass was later found to be a teratoma with all 
three germ cell lines. The ferret subsequently 
developed an abdominal mass initially 
suspected to be an adrenocortical tumor and 

 
Figure 4-5. Adrenal gland, ferret. A strip of 
nervous tissue is also present in the neoplasm. 
(HE, 176X) 

Table 14,12 

Ectoderm Mesoderm Endoderm 

• Epidermis of skin and its 
derivatives (sweat 
glands, hair follicles, and 
sensory receptors)  

• Epithelial lining of 
mouth and anus  

• Cornea and lens of eye  
• Nervous system  
• Adrenal medulla  
• Tooth enamel  
• Epithelium of pineal and 

pituitary glands  

• Notochord  
• Musculoskeletal 

system  
• Muscular layer of 

stomach and intestine  
• Excretory system  
• Circulatory and 

lymphatic systems  
• Reproductive system 

(except germ cells)  
• Dermis of skin  
• Adrenal cortex  

• Epithelial linings 
(digestive tract, 
respiratory system, 
urethra, urinary bladder, 
and reproductive system)  

• Liver  
• Pancreas  
• Thymus  
• Thyroid and parathyroid 

glands 
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was euthanized following a decline in health 
over the following weeks. Upon histologic 
examination of the tissues, metastasis of the 
poorly differentiated epithelial component 
were identified in multiple tissues, including 
the urinary bladder, ureters, prostate, pelvic 
fat, abdominal and thoracic lymph nodes, 
kidney, and lung.3  
 
Participants discussed the multitude of 
tissues derived from the embryonic germ cell 
layers, which were previously outlined in 
2013 WSC#8, case 3 and are reflected in 
Table 1. 
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1. True or false? Cryptosporidia reside intracellularly in a parasitophorous vacuole. 

a. True 

b. False 

 

2. True or false.  Necrotizing sialometaplasia is most commonly seen in small breed dogs. 

a. True 

b. False 

 

3. Which of the following has been reported to develop fibrinosuppurative bronchopneumonia 

and pyothorax with hypervirulent strains of Klebsiella pneumonia?. 

a. Sea lions 

b. Elephants 

c. Cattle 

d. African clawed frogs 

 

4. What is the minimum number of germ cell lines present in a teratoma? 

a. 1 

b. 2 

c. 3 

d. 4 

 

5. Teratomas that are primarily composed of ectodermal components of haired skin forming a 

large cyst are called what? 

a. Pilonidal cysts 

b. Matrical cysts 

c. Dermoid cysts 

d. Malignant cutaneous teratomas 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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  C o n f e r e n c e 17       2 February 2022 
 

CASE I: Case 2 (JPC 4118311)   
 
Signalment:  
Approximately 5 year-old, intact, female, 
Indian-origin, rhesus macaque (Macaca 
mulatta)  

History:  
This macaque was humanely euthanized after 
reaching experimental endpoint criteria 8 
days following intramuscular challenge with 
a viral agent. 
 
Gross Pathology: 
Body as a whole:  Good body condition with 
moderate dehydration  
Liver: Severe, subacute, diffuse hepatic 
necrosis and lipidosis with severe hepato-
megaly  

Spleen: Moderate, subacute, diffuse necro-
tizing splenomegaly (fibrinoid necrosis)    
Kidneys: Severe, subacute, diffuse renomeg-
aly (congestion and edema)  
Lung:  Mild, acute, multifocal hemorrhage    
Tracheobronchial lymph nodes:  Moderate, 
subacute, diffuse lymphadenopathy  
Peripheral and mesenteric lymph 
nodes:  Moderate, subacute, diffuse lympha-
denopathy  
Adrenal glands:  Subacute, moderate, diffuse 
congestion    
Skin covering the chest:  Subacute, locally 
extensive, mild petechial hemorrhage  
Dorsal skin of the neck:  Subacute, focal, 
mild ecchymotic hemorrhage    
Stomach:  Mild, acute gas distention  
 
Laboratory Results:  
See Tables 1 and 2 
 

Pre- & Post- Challenge Day WBC 
x103/µL 

Neutrophils 
x103/µL 

Lymphocytes 
x103/µL 

Monocytes 
x103/µL 

Platelets 
x109/µL 

-14 6.65 3.31 2.78 0.47 311 

-7 6.14 2.97 2.62 0.44 328 

0 6.07 2.84 2.75 0.42 371 

3 6.60 5.24 1.12 0.24 313 

6 5.22 4.08 0.98 0.16 252 

8 8.90 3.36 4.63 0.56 379 

Normal 
Range 

6.4 3.5 1.6 0 313 

10.2 5.8 5.1 0.4 475 

Table 1 
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Ultrastructural Description: 
The image contains degenerate organellar 
cellular debris, variably electron-dense 
amorphous material (protein), two 
degenerate cells, approximately 25 single-
cell organisms, and myriad filamentous viral 
particles. The electron-dense, single-cell 
organisms are round, measure 0.8-1 micron, 
lack a nucleus, and have a prominent bi-layer 
cell membrane that is electron lucent 
centrally. These organisms are sometimes 
arranged in pairs (diplococci). The filament-
ous viral particles measure approximately 80 
nm in diameter and, within the image, up to 
800 nm in length. The viral nucleocapsids are 
electron-dense with a striated core and 
surrounded by a viral envelope. The free ends 
of occasional virus particles fold back onto 
themselves forming a hook- or loop-like 
structure multifocally. The two partially 
intact cells within the image are polygonal, 
with indistinct, organellar and cellular 
membranes. The nuclei in these cells are 
markedly swollen and moderately electron 
dense with fragmented, dispersed, electron-
dense chromatin. Viral particles are present 
adjacent to the nuclear membrane, but it 
cannot be definitively discerned if these are 
intracytoplasmic viral particles. A medium 
electron-dense, 1.5x1 micron, aggregate of 
proteinaceous material (viral nucleocapsids) 
formed by 20-25 nm tightly-arranged tubules 
is present in the upper left-hand side of the 

image (viral inclusion body). Adjacent to this 
inclusion body are approximately ten, 300-
500 nm, elongated clusters of electron-dense 
material composed of thousands of compact 
filaments (fibrin). 

Contributor’s Morphologic Diagnoses:  
Tissue: Severe, diffuse, fibrinous necrosis 
with intralesional myriad filamentous viral 
particles and multifocal diplococcal bacteria 
 
Contributor’s Comment: 
The tissue composing the TEM images 
cannot be discerned. The images are from the 

Pre- & Post- 
Challenge 
Day 

Albumin 
g/dL 

Total 
Protein 
g/dL 

ALT 
U/L 

AST 
U/L 

GGT 
U/L 

BUN 
mg/dL 

Creatinine 
mg/dL 

-14 3.5 7.0 40 28 53 22 0.6 

-7 3.5 6.5 52 22 52 16 0.6 

0 3.6 7.3 61 33 58 19 0.7 

3 3.8 6.7 68 37 55 21 0.9 

6 3.4 6.2 443 1,098 219 - 1.1 

8 2.5 5.2 1,244 ND 321 34 3.8 

Normal 
Range 

3.2 5.9 26 24 48 16 0.8 

4.1 7.9 52 38 76 22 1.2 

Table 2 

 
Figure 1-1. Indeterminate tissue, rhesus macaque: This 
electron micrograph demonstrates numerous linear to 
curled viral particles (center) as well as aggregates of 
homogenous and tubular viral proteins. (21,000X) 
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spleen of a five-year-old, intact, female 
macaque inoculated with Marburg virus 
(MARV) intramuscularly 8 days prior to 
euthanasia. Histologically, the normal 
architecture of the spleen was effaced by 
necrosis and bacterial colonies were 
numerous. Bacterial emboli were also seen in 
the inoculation site musculature, peripheral 
and visceral lymph nodes, liver, stomach, 
small intestine, adrenal glands, bladder, bone 
marrow, and brain. Bacteria commonly 
recognized to form diplococci include Gram 
positive cocci - Streptococcus pneumoniae 
and Enterococcus spp.; and gram-negative 
cocci: Neisseria spp., Moraxella catarrhalis, 
and Acinetobacter spp. The bacterial 
septicemia observed in this macaque 
histologically is thought to be peracute, as 
there is no clinical pathological evidence of a 
response to the bacteria in blood samples 
collected immediately prior to necropsy or in 
the tissues collected at necropsy. The bacteria 
seen in this case are thought to be 
Streptococcus pneumoniae but additional 
diagnostics were not performed to identify 
the bacteria in this case. 
 
The gross, clinical pathologic, and 
histopathologic lesions seen in this macaque 
are consistent with those seen in the macaque 

model of MARV disease.5,8 Pathogenic 
filoviruses include Ebola virus (Zaire 
ebolavirus, Sudan ebolavirus, Tai Forest 
ebolavirus, Bundibugyo ebolavirus) and 
Marburg virus.7 Reston virus (Reston 
ebolavirus) is only known to cause disease in 
primates and pigs; seropositivity alone has  
been observed in humans following 
occupational exposure.7 Following exposure, 
MARV infects, replicates, and disseminates 
throughout the body in monocytes and 
macrophages.1 The marked elevations in 
ALT, AST, and GGT seen in this macaque 
reflect direct infection and destruction of 
hepatocytes by MARV.8 The azotemia 
observed clinically is pre-renal though 
terminal thrombosis of the renal vasculature 
due to the coagulopathy induced by MARV 
is commonly seen.11 Hypoproteinemia is 
almost universally seen in MARV-infected 
macaques and thought to be secondary to 
both hepatic dysfunction and protein loss 
secondary to increased vascular permeability. 
Lymphocytes are not infected by MARV but 
a poorly characterized, “bystander” lympho-
cytolysis is thought to occur after the onset of 
infection.4 Widespread lymphoid depletion 
and necrosis were observed in this macaque 
terminally, consistent with the modest 
lymphoid response observed clinicopatho-
logically despite fulminant MARV infection. 
  
Contributing Institution:  
Pathology Department 
NIH/NIAID 
Integrated Research Facility 
https://www.niaid.nih.gov/about/integrated-
research-facility 
  
JPC Diagnosis:  
Undetermined tissue: Cellular degeneration, 
severe, with intracytoplasmic filoviral part-
icles and cocci. 
 
 
 

 
Figure 1-2. Indeterminate tissue, rhesus macaque:  Filovirus 
particles are free in the cytoplasm and one (arrow) curls 
back upon itself at one end. (21,000X) 

about:blank
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JPC Comment:  
Viral hemorrhagic fever (VHF) in humans is 
a syndrome characterized by acute fever with 
systemic involvement and generalized 
hemorrhage may occur in severe cases.  Viral 
families associated with VHF include genera 
of Arenaviriade (e.g. Lassa virus), Bunya-
viridae (e.g. Crimea-Congo hemorrhagic 
fever, Rift Valley fever, and Hantavirus), 
Flaviviridae (e.g. Dengue hemorrhagic fever 
and yellow fever), and Filoviridae as 
previously described by the contributor.  
Although HF viruses are diverse in 
morphology and size, all are single-stranded 
RNA viruses with a lipid envelope, which 
makes them vulnerable to detergents, low pH 
environments, and household bleach.  
However, these viruses are stable at a neutral 
pH, especially in the presence of protein.  For 
example, Ebola virus was cultured from 
desiccated blood found in syringes stored at 
room temperature for approximately a month 
during a Central African outbreak in 1995.  
All HF viruses, with the exception of dengue 

viruses, are biosafety level (BSL) 3 or 4 
agents due to their tendencies to remain 
stable and infectious as fine particle aerosols 
and their ability to produce disease with high 
morbidity and mortality; both Marburg and 
Ebola virus are BSL-4 agents.6 

 
Ebola and Marburg virus particles are very 
similar. Both contain a 19-kb, single, 
negative-stranded, linear genome encoding 
seven structural proteins. Three of these 
proteins, GP, VP24, and VP40, are associated 
with the membrane. GP is the effector protein 
for binding and membrane fusion.  
Interestingly, the GP gene is distinctly 
different between the Ebola and the Marburg 
viruses.  The Marburg virus GP gene encodes 
a single product (GP) in a conventional open 
reading frame whereas Ebola virus encode 
the GP in two open reading frames that are 
expressed through transcriptional editing.  
VP40 is a matrix protein and is responsible 
for the formation of the particle’s filamentous 
appearance.  VP24 may have a role in viral 
assembly and budding.6 

 
HF viruses exhibit a stereotypical patho-
genesis in both humans and non-human 
primates (NHPs).  Following initial infection, 
the virus spreads to the regional lymph nodes, 
liver, and spleen where tissue macrophages 
and dendritic cells are infected, which in turn 
release cytokines that recruit additional target 
cells to the site of infection. Although 
lymphocytes are not directly targeted by the 

 
Figure 1-3. Indeterminate tissue, rhesus macaque:  
There are several intracytoplasmic viral inclusions 
composed of tubular and homogenous aggregates of 
viral protein. (21,000X) 

 
Figure 1-4. Indeterminate tissue, rhesus macaque:  
Paired cocci are free within the cytoplasm. (21,000X) 
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virus, marked lymphocytolysis appears to be 
the most consistent pathological finding 
amongst HF viral infections of humans and 
NHPs, with the exception of hantaviruses.  
The underlying cause of lymphoid depletion 
is likely multifactorial, including second 
order effects from dendritic cell infection and 
the release of soluble factors from virus 
infected monocytes and macrophages, 
resulting in decreased lymphocyte survival 
signals and upregulation of proapoptotic 
proteins such as Fas and tumor necrosis 
factor-related apoptosis virus inducing ligand 
(TRAIL), respectively. Coagulation anoma-
lies vary in regard to both mechanism and 
severity between the etiologies. For example, 
Ebola causes overexpression of tissue factor 
(factor III), resulting in activation of the 
extrinsic coagulation pathway and the 
formation intravascular fibrin thrombi. Coag-
ulation and hemodynamic disturbances are 
common features of HFVs, largely due to 
hepatocyte and adrenal cortical cell infection.  
Hepatocellular infection results in impaired 
synthesis  of  both coagulation   factors   and 
albumin, predisposing to coagulopathy and 
decreased oncotic pressure, contributing 
toward both hypotension and edema.  

Infection of adrenal cortical cells results in 
impaired steroid production, resulting in 
hypotension and sodium loss with 
hypovolemia.6   
 
Most VHF infections in both humans and 
NHPs are associated with cutaneous flushing 
or macular rashes with varying charac-
teristics (though with significant crossover) 
depending on the agent.  More than 50% of 
humans and macaques infected with Marburg 
virus and Ebola virus develop nonpruritic 
petechial dermal rashes on the axillae and 
groin, forehead, and chest.  Arenavirus HF in 
humans and NHPs is associated with flushed 
erythematous rashes on the face and thorax, 
though axillary and oral petechiae are also 
commonly observed in human cases.6 

 

Histologically, fibrin and fibrinocellular 
thrombi in numerous tissues and deposition 
of fibrin in the splenic red pulp and marginal 
zones are common findings in infected 
cynomolgus and rhesus macaques.6   
 
As demonstrated by transmission electronic 
microscopy (TEM) in this case, filoviruses 
are characterized by their unique filamentous 
appearance for which they are named (filum; 
Latin for “thread”). Marburg virus was the 
first of the filoviruses to be discovered, 
following three geographically distant but 
simultaneous VHF outbreaks in European 
laboratory workers in 1967.  The majority of 
scientific and media attention focused on the 
most severely affected laboratory, which was 
in  Marburg, West Germany. Infections also 
occurred in laboratories in Frankfort, West 
Germany and Belgrade, Yugoslavia.6,10 All 
primary cases had either direct contact or 
contact with tissues derived from African 
green monkeys imported from a single 
Ugandan primate exporter.9 Secondary 
transmission to both medical personnel and 
family members was also reported. Thirty-
one patients were infected and seven died 

 
Figure 1-5. Indeterminate tissue, rhesus macaque:  
Aggregates of fibrin are present within the cystoplasm 
of this presumed macrophage. (21,000X) 
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(23% mortality).  Since 1967, there have been 
at least 13 additional reports of Marburg 
virus, most of which manifested as sporadic, 
isolated, and usually fatal cases in residents 
and travelers in southeast Africa.  However, 
larger outbreaks such as a 2004-2005 
outbreak in Angola that resulted in 200 
deaths with a 90% mortality rate have also 
been reported.6 

 

Notably, Ebola and Marburg virus are both 
reported to persist in immune-privileged 
tissues of survivors, including the aqueous 
humor, central nervous system, and testicles.  
Sexual transmission of both viruses has been 
reported.  In one case, Ebola virus RNA was 
detected by reverse transcription PCR in 
semen 531 days following onset of 
symptoms.2  
 
Variants of Marburg virus have been isolated 
from the Egyptian fruit bat (Rousettus 
aegypticus), which appears to be the natural 
reservoir, with seasonal circulation changes 
of Marburg virus in this species being shown 
to correlate with human infection.  
Experimentally infected R. aegypticus have 
been found to orally shed Marburg virus 
despite showing no clinical signs. Marburg 
virus has also been identified in the urban-
dwelling straw-colored bat (Eidolon helvum).  
In addition to fruit bats, insectivorous bats 
such as Miniopterus inflatus and Rhinolophus 
eloquens have also been implicated.3 

 
Interestingly, a third genus of Filoviridae was 
identified in 2011.  Cuevavirus consists of a 
single species, Lloviu cuevavirus, and was 
identified following a series of bat die-offs on 
the Iberian Peninsula.  Numerous carcasses 
of Schreiber’s bats (Miniopterus schrei-
bersii) and greater mouse-eared bats (Myotis 
myotis) were obtained from the Lloviu Cave 
in northern Spain, from which the virus is 
named. All the dead M. schreibersii were 
positive for the virus whereas none was 

detected in healthy M. schreibersii taken 
from the same location.  Although no gross 
lesions were noted, histopathological signs of 
viral pneumonia were present.3   
 
Participants were unable to definitively 
identify the cell in the submitted TEM image; 
however, the vast majority suspected the cell 
to be a macrophage given the pathogenesis of 
Marburg virus, in addition to the presence of 
intracellular cocci and the absence of 
distinguishing features of other cell lines, 
such as tight junctions with epithelial cells. 
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CASE II: 1235813-015 (JPC 4167863) 
 
Signalment:  
Juvenile male intact cynomolgus macaque 
(Macaca fascicularis) 
 
History:  
A laboratory primate that was in a control 
group was dosed intrathecally with 
radiolabeled imaging medium. Within an 
hour, the monkey developed vesicular lesions 

and skin sloughing on the tail, toes, and 
dorsal aspects of the feet. 
 
Gross Pathology: 
The skin of both hind feet was thickened, and 
there were multifocal abrasions and scabs on 
the hindfeet and tail. 
 
Laboratory Results:  
Haired skin, tail and glabrous skin, footpad:  
Dermatitis and folliculitis, necrotizing and 
vesicular, multifocal to coalescing, marked, 
with keratinocyte apoptosis. 

Microscopic Description: 
Within the haired skin of the tail and foot, 
there are multifocal intraepidermal vesicles 
and bullae characterized by variably sized 
open spaces within the stratum spinosum 
filled with loosely organized fibrillar material 
(fibrin), hemorrhage, small numbers of 
neutrophils, and few scattered melanin-laden 
macrophages. These vesicles are occasion-
ally subcorneal, and focally they coalesce 
resulting in an extensive region of dermal-
epidermal separation characterized by the 
stratum basale separating from the 
underlying superficial dermis. In a section 
specially stained with Periodic Acid-Schiff, 
the highlighted basement membrane is 
retained along the dermis in this area. The 
resulting space contains a large amount of 
fibrin, fluid, macrophages, and neutrophils. 
Within the separated epidermis and 
underlying follicular epithelium, keratino-
cytes of the stratum basale and stratum 
spinosum are swollen with pale eosinophilic 
to clear cytoplasm with multifocal large clear 
vacuoles (ballooning degeneration). 
Throughout all layers in the epidermis and 
follicular epithelium, there are multifocal 
shrunken and hypereosinophilic keratino-
cytes (apoptosis). Rarely, there are few 
lymphocytes adjacent to these apoptotic 
cells. Multifocally, there are small areas of 
lifted epidermis that have loss of cellular 
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detail, hypereosinophilic cytoplasm, and 
pyknotic nuclei (necrosis). Underlying the 
lifted epidermis, the superficial dermal 
collagen is mildly smudged, and superficial 
small vessels are lined by plump reactive 
endothelium and surrounded by small 
numbers of neutrophils and a small amount 
of hemorrhage and edema. Away from larger 
bullae and vesicles, the stratum basale and 
stratum spinosum are mildly to moderately 
vacuolated (spongiosis). Occasionally, there  
are free hair shafts within the bullae that are 
surrounded by moderate numbers of 
neutrophils and macrophages. There are 
occasional colonies of bacterial cocci in these 
areas and within rare follicles. 
 
Contributor’s Morphologic Diagnoses: 
Haired skin, tail and foot: Multifocal to 
coalescing subepidermal and intraepidermal 
vesicles and bullae, multifocal keratinocyte 
apoptosis and necrosis, locally extensive 
ballooning degeneration and spongiosis, and 
mild superficial neutrophilic dermatitis. 
 

Contributor’s Comment: 
Cutaneous adverse drug reactions can occur 
through several mechanisms and have been 
reported in macaques.1,3,6,8,10 First, there 
could be direct physical or chemical insult to 
the skin. There could also be indirect toxicity 
mediated by immune reaction. This occurs 
with immediate or delayed reactions. The 
most common cutaneous adverse drug 
reactions are irritant contact dermatitis and 
allergic contact dermatitis, which may both 
be characterized by erythematous macules or 
vesicles with underlying intercellular edema 
and superficial dermatitis.8 Irritant contact 
dermatitis occurs rapidly after the insult, and 
acute contact dermatitis is a delayed type IV 
hypersensitivity reaction. Other possible 
cutaneous adverse drug reactions include 
rash with eosinophilia and systemic 
symptoms (DRESS), generalized exanthe-
matic pustulosis, erythema multiforme (EM), 
fixed drug eruption, Stevens-Johnson 
syndrome (SJS) and toxic epidermal 
necrolysis (TEN).8 It is important to 
differentiate these types of lesions from other 
potential causes of these lesions in macaques 
such as measles, simian varicella virus, 
Simian immunodeficiency virus, and pox 
virus. 
 
In this case, multiple primates presented with 
similar lesions on the feet and tail after being 
dosed with a radiolabeled imaging comp-
ound. It is important to note that both control 
and test-article treated animals were affected 
in this case, and the only common exposure 
was the radiolabeled substance used for 
imaging purposes. The monkeys were housed 
in the same room; however, they were located 
far apart from each other within the room. 
There were also other monkeys on the study 
that had no skin lesions. Animals affected 
were dosed intrathecally, subcutaneously, or 
intravenously. Interest-ingly, after switching 
manufacturers of the isotope, no additional 
lesions occurred in any other monkeys.  

 
Figure 2-1. Paw, cynomolgus macaque. There are 
abrasions and epidermal loss on the digits. (Photo 
courtesy of:  Charles River Laboratories – Mattawan, 
Pathology Department, 54943 North Main St., 
Mattawan, MI) 
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Two monkeys with lesions recovered; 
however, the others were euthanized for 
welfare reasons. An inciting cause of these 
lesions and a precise syndrome were not able 
to be confirmed; however, this most likely 
represents an adverse cutaneous reaction to 
the radiolabeled imaging medium. There was 
a higher level of the radioactive substance 
present within the vesicles as compared to the 
serum of the animals. This accumulation 
within the vesicles may have exacerbated the 
lesions. The bacteria present within the 
lesions are considered to be a complicating 
factor and not the inciting cause. 
 
Several differential diagnoses were 
considered in this case based on the clinical 
presentation, presence of vesicles, bullae, 
apoptotic cells, and neutrophilic inflamm-
ation. Viral etiologies were excluded based 
on the clinical presentation and absence of 
characteristic lesions such as inclusions and 
syncytia.2,8 Based on the gross and histologic 
lesions, bullous and necrotizing epidermal 
diseases were considered as the primary 
differentials.  
 
The presence of apoptotic cells in all cell 
layers raised concern for a diagnosis of EM. 
Characteristically in this disease, there will 
be single or multiple keratinocytes in a group 
that are hypereosinophilic, shrunken, and 
have pyknotic nuclei. These will be present at 
all levels of the epidermis and extend into 
hair follicles. Apoptosis is induced by 
lymphocytes, and these lymphocytes will 
surround the apoptotic cells (satellitosis).4,11 
The presence of lymphocytes was not a 
prominent feature observed in this case. 
There were rarely single lymphocytes in the 
area of the apoptotic cells. Therefore, while 
remaining a differential, this condition was 
considered less likely. In cases of EM there 
may also be secondary ulceration, crusting, 
and neutrophilic inflammation. Parakeratosis 
may also be present in some cases of EM.4,11  

TEN has been reported to occur with adverse 
drug reaction, and has been reported in 
macaques.1,3 The large areas of apoptosis in 
this case also histologically resemble toxic 
epidermal necrolysis; however, the clinical 
picture does not fit with this condition. In 
TEN greater than 30% of the skin should be 
affected, and TEN is a life-threatening 
condition. In TEN there is also bullous 
detachment of the epithelium from the 
dermis, which was observed in some areas in 
this case. Ultimately this will lead to 
ulceration. While there may be some 
lymphocytes present, there are usually 
present in smaller numbers than in EM. There 
is also usually little inflammation present.4,11 
It is debated in both the human and veterinary 
literature whether TEN represents a 
fulminant form of EM or whether they are 
distinct disease entities. The clinical picture 
and progression of disease will aid in 
distinguishing the two diseases.11 Addition-
ally, Stevens-Johnson syndrome (SJS) is also 
considered by some to be related to TEN and 
EM, and can have similar histologic findings. 
Due to the clinical picture (less than 30% of 
skin affected), frequent presence of 
neutrophilic inflammation, and vesicles 
within the stratum corneum, TEN was 

 
Figure 2-2. Tail and digital skin, cynomolgus macaque. 
Large bullae are present within the epidermis of the 
foot and tail (arrows). (HE, 6X) 



10 
 

considered unlikely, even though there was 
an area in the tail with detachment of the 
epidermis from the dermis and presence of 
apoptotic cells with little inflammation. 
 
Bullous pemphigoid-like disease has also 
been reported in macaques.6 This is another 
disease that can cause blister lesions. In this 
condition there is development of 
autoantibody to the bullous pemphigoid 
antigen, a transmembrane glycoprotein in 
basal keratinocytes.4 The dermo-epidermal 
junction is then separated by proteinases 
released by granulocytes.6 The subepidermal 
separation differentiates this condition from 
pemphigus vulgaris which may have a 
similar gross appearance. This condition 
presents with erythematous macules and 
vesicles that progress to bullae and 
ulceration. Typically, both skin and mucous 
membranes will be affected. Histologically, 
there will be clean separation between the 
dermis and epidermis forming a cleft. 
Neutrophils, eosinophils, and fibrin may be 
present along the surface of the separated 
dermis.4,6 Since some vesicles were 
intraepidermal, this differential was consid-
ered less likely. 
 
Pemphigus vulgaris (PV) is a severe 
vesiculobullous and ulcerative disease that 
can occur as a drug reaction.4 This disease 
targets the autoantigen desmoglein 3 in the 
mucous membranes, which is expressed in 
suprabasilar keratinocytes.4 Autoantibodies 

binding to this autoantigen result in 
acantholytic cells.4 Cases of PV can present 
with symmetric transient vesicles, bullae, and 
ulcers/erosions on the mucous membranes 
and around areas with friction such as 
axillary, inguinal, and pressure point areas. 
Histologically cases will have a suprabasilar 
cleft. A row of basilar cells will remain along 
the dermis and will have a rounded 
“tombstone” appearance.4 The superficial 
dermis may be infiltrated by variable 
numbers of lymphocytes, plasma cells, and 
neutrophils. In some areas in the present case, 
there was a single remaining layer of basilar 
keratinocytes; however, these cells did not 
have the classic tombstone appearance, and 
this was not a consistent feature. There were 
some rounded keratinocytes around vesicles; 
however, these were interpreted as apoptotic 
rather than acantholytic cells. Thus, 
pemphigus vulgaris was also considered 
unlikely.  
 
One possible etiology for the lesions 
observed in this monkey was irritant contact 
dermatitis. It was speculated that perhaps the 
isotope may have been passed in urine, and 
the affected areas (feet and tail) would be the 
most likely to come into contact with the 
irritant. The initial gross lesions in irritant 
contact dermatitis are erythema and papules 
followed by exudation, scaling and crusting.4 
With chronic exposure, lichenification, 
hyperpigmentation, and alopecia can 
develop.4 The affected sites usually have 
sparse hair or are hairless due to the 
protective aspect of the hair-coat. Pruritus 
can occur but its presence is variable.4 

Histologically, the condition is characterized 
by epidermal necrosis with subepidermal 
separation and neutrophilic dermatitis. Early 
in the course of the disease, there may just be 
epidermal spongiosis and small vesicles. In 
chronic lesions, there may be parakeratosis, 
acanthosis, and serous and neutrophilic 
crusts. There may be variable superficial  

 
Figure 2-3. Digital skin, cynomolgus macaque. Vesicles 
arise within the granular cell layer. (HE, 130X) 
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perivascular mixed inflammation.4 Based on 
the intraepidermal vesicles, neutrophilic 
inflammation, irritant contact dermatitis was 
considered; however, again this does not 
entirely explain the clinical history and 
presentation. Ultimately, the disease process 
in this case is considered a cutaneous drug 
reaction to the radiolabeled imaging medium. 
While the histologic features do not entirely  
fit with the discussed differentials, the 
presence of vesicular and bullous lesions in 
combination with the clinical history support 
this conclusion. 
  
Contributing Institution:  
Charles River Laboratories, Mattawan, MI 
  
JPC Diagnosis:  
Oral mucosa and haired skin: Epithelial 
necrosis, coagulative, focally extensive, with 
subepithelial clefting, ulceration, nuclear 
streaming of the stratum basale, and subepi-
thelial collagen homogenization and edema. 
 
JPC Comment:  
The contributor provides a truly outstanding 
review of the clinical and histologic features 

of various forms of cutaneous drug reactions 
in addition their pathogeneses.   
 
The moderator discussed the importance and 
value of detailed written descriptions, 
particularly in regard to the research setting, 
with this case being a prime example.  Given 
the histologic lesions do not completely meet 
the criteria of the differentials, the histologic 
description itself is a useful tool for 
investigators. In addition, thorough descript-
tions of what are believed to be already 
known conditions at the time of writing may 
in turn retrospectively facilitate the discovery 
of new entities.   
 
Although unlikely in this case, especially 
given these cynomolgus macaques were 
housed indoors, an additional consideration 
in regard to the development of dermatitis in 
animals receiving a xenobiotic is cutaneous 
phototoxicity (i.e. photosensitivity).  Cutan-
eous photosensitivity is a nonimmunologic 
form of dermatitis induced by cutaneous 
photoactive agents in the presence of 
ultraviolet radiation (predominately type A 
(UVA) light).9 Photosensitivity is a dose-
dependent phenomenon with respect to both 

 
Figure 2-4. Tail skin, cynomolgus macaque. Vesicles arise within the granular cell layer (left) and as they coalesce, the full 
epidermis is lifted off the underlying dermis. Vesicles contain abundant proteinaceous fluid, fibrin, and infiltrating neutrophils. 
The roof of the vesicles is composed of necrotic epithelium, which incorporates hair follicles. (HE, 86X) 
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the photoactive compound and light 
exposure.5   
 

When exposed to ultraviolet radiation, 
phototoxic compounds form stable photo-
products that directly cause cell damage or 
enter an excited state, forming both free 
radicals and reactive oxygen species that 
cause direct cell damage and oxidize cellular 
lipids (e.g. membranes), respectively.5  
 

There are three types of photosensitivity 
(types I-III), which are classified in regard to 
the source of the photoactive agent.7 

 
Type I photosensitivity (also known primary 
photosensitization) predominately occurs as 
the result of photoactive compounds being 
ingested, absorbed, and deposited in the skin, 
although phytophotocontact dermatitis as the 
result of direct adsorption of compounds into 
the skin has also been reported.  Herbivores 
are commonly affected as plants are the most 
common source of ingested photoactive 
compounds. St. John’s wort (Hypericum 
performatum), buckwheat (Fagopyrum spp.), 
spring parsley (Cymopterus watsonii) and 
bishops weed (Ammi majus) are a few 
examples of plants containing photoactive 
pigments.7 

 

Type I photosensitivity may also occur 
following the administration of medications 
with photoactive properties. In general, these 
medications typically have a low molecular 
weight (200-500 Daltons) and have planar, 
tricyclic, or polycyclic configurations.  How-
ever, no elements or configurations 
automatically impart phototoxicity to comp-
ounds. Phototoxic medications include 
numerous commonly used prescription and 
over the counter products; one recent report 
identified 393 medications with evidence of 
photosensitization, although many medica-
tions were historical and are no longer in use 
today.  Medications with high evidence of 

photosensitization (i.e. ≥15 publications) 
include (but are not limited to) hydro-
chlorothiazide, furosemide, amioda-rone, 
naproxen, ketoprofen, piroxicam, leme-
floxacin, ciprofloxacin, tetracycline, doxy-
cylcine, griseofulvin, quinine, and 
promethazine.5   
 
An additional concern in regard to 
photosensitizing medications is the potential 
for photocarcinogenic effects, particularly in 
regard to the development of skin cancer (e.g. 
squamous cell carcinoma (SCC), basal cell 
carcinoma (BCC), and melanoma) in 
humans. Photocarcinogenesis is the subject 
of controversial scientific discussions and 
debate as probable mechanisms remain under 
investigation. The relationship between 
photosensitive medications and photocarcin-
ogenesis is likely based on multiple factors, 
including patient age, susceptibility to solar 
radiation, cumulative dose of medications, 
and other unknown factors. Psoralens 
(furocomarins) are associated with the 
strongest evidence for photocarcinogenic 
effects; these substances have been 
investigated in animal and human models, 
with studies demonstrating increased risk of 
SCC, BCC, and melanoma.  However, 
multiple medications have been reported to 
be associated with an increased risk of skin 
cancer in humans, including NSAIDs and 
fluroquinolones, thiazide diuretics, 
tetracyclines, amiodarone, and voriconazole 
amongst others.5    
 
Type II photosensitivity occurs as the result 
congenital enzyme deficiencies that result in 
the accumulation of photodynamic 
endogenous pigment in the skin due to 
abnormal heme-synthesis. Deficiency of 
uroporphyrinogen III cosynthase is a classic 
example in bovines that results in the 
deposition and accumulation of porphyrin 
pigments in many tissues, including the bone 
and teeth, as well as the skin.  Uroporphyrins 
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in the skin are particularly reactive to UVA 
radiation. Following activation, these pig-
ments cause the formation of membrane 
damaging reactive oxygen species either 
directly and/or potentially via activation of 
the xanthine oxidase pathway.7 

 
Type III photosensitivity is the most common 
form of photosensitivity in domestic animals 
and occurs as the result of impaired hepatic 
clearance of phylloerythrin as the result of 
either hepatocellular damage or biliary 
obstruction.  Phylloerythrin is a photoactive 
substance derived from chlorophyll that is 
normally formed within the digestive tract, 
absorbed, transported to the liver via portal 
circulation, and then excreted in the bile.  
Hepatotoxic plants such as lanata (Lantana 
camara) or mycotoxins such as sporidesmin, 
inhibit the hepatic clearance of 
phylloerythrin, resulting in its accumulation 
in the skin and subsequent development of 
cutaneous lesions.7 

 

Histologic lesions associated with cutaneous 
photosensitization include coagulative 
necrosis of the epidermis with variable 
extension to adnexal structures and the 
superficial dermis, subepidermal clefts, 
dermal edema, and swollen or necrotic blood 
vessels that may demonstrate fibrinoid 
degeneration with variably present throm-
bosis. There is typically scant inflammation 
early in the process; however, the tissue is 
soon infiltrated by neutrophils.7   
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CASE III: 18-33 (JPC 4135937)   
 
Signalment:  
8-week-old female ragdoll kitten (Felis 
catus) 
 
History:  
The kitten was shut in a closet overnight, and 
in the morning was found by the owner curled 
up on the floor in the closet with red-brown, 
gelatinous material oozing from her mouth. 
The owner identified a live wire protruding 
from the floor that shocked her when 
touched. The kitten was subsequently 
presented to an emergency veterinarian for 
further evaluation. On physical examination, 
the cat was markedly painful around the 
mouth, dull, and weak. Numerous extensive 
burn wounds were identified on the lips, 
tongue, and palate. Given the extent of the 
lesions and poor prognosis for healing of  
wounds in the oral cavity, the kitten was 
euthanized. 
 
Gross Pathology: 
There was moderate, regional swelling 
within the soft tissues surrounding the 
mandible and ventral neck. Multifocally at 
the oral commissures, along the mandibular 
and maxillary gingiva, on the rostral 1/3 of 
the tongue, and the rostral half of the hard 
palate to the level of the maxillary incisors, 
were variably sized (2 – 20 mm diameter) full 
thickness ulcerations covered by brown to 
gray to black, friable and sloughing tissue. 
Multifocally, tissue surrounding ulcers was 
discolored pale tan to gray. Additionally, on 
internal examination there was regional dark 
red discoloration of caudodorsal lung fields. 
 
Laboratory Results:  
Upon admission to the veterinary hospital, a 
complete blood count (CBC) and serum 
biochemistry panel were performed. CBC 
revealed a mild neutrophilia (interpreted as a 
stress leukogram) and moderate 

thrombocytosis. Significant serum biochem-
istry panel findings included a markedly 
elevated creatinine kinase (10,397 IU/L; RR 
60 – 531 IU/L), mildly elevated AST (166 
IU/L; RR 11 – 40 IU/L), and a mild 
hyperkalemia (5.7 mmol/L; RR 3.5-5.1 
mmol/L). All of these findings were 
considered attributable to regional skeletal 
muscle damage from electrothermal injury. 
 
Microscopic Description: 
Tongue and Lips: Four sections of tongue and 
three sections of lip skin are examined and 
have similar histologic features that are 
described together. Multifocally, there is 
variable intraepidermal/mucosal and/or 
subepidermal/mucosal clefting, resulting in 
multifocal vesicle formation, erosion, and 
regionally extensive detachment of the 
epithelium/mucosa (ulceration). There is 
multifocal to coalescing nuclear elong-
ation/streaming of basal cells in a “fish bone” 
type pattern, and affected nuclei are 
hyperchromatic to pyknotic. At the areas of 
ulceration and vesicle formation, there are 
multifocal aggregates of mixed bacterial 
organisms (rods and cocci), mild multifocal 
hemorrhage, and occasional aggregates of 

 
Figure 3-1. Oral cavity, cat. There is multifocal to 
coalescing ulceration, necrosis, and brown to black 
discoloration of the tongue, lips, and hard palate, 
consistent with electrothermal injury. (Photo courtesy 
of: North Carolina State University, College of 
Veterinary Medicine, Department of Population Health 
and Pathobiology.  
https://cvm.ncsu.edu/research/departments/dphp/pr
ograms/pathology) 
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black granular material (presumptive 
metallization). In the rostral third to half of 
examined sections of tongue, and variably 
identified in examined skin sections, there is 
loss of distinction of dermal/submucosal 
collagen fibers, which gradually merge into 
an amphophilic, amorphous coagulum 
(collagen homogenization). When viewed 
with polarized light, this collagen lacks 
normal birefringence. Multifocally within the 
dermis and submucosa, the walls of vessels 
are smudged with nuclear pyknosis and 
streaming. Multifocally, skeletal muscle 
fibers exhibit sarcoplasmic hypereosin-
ophilia and vacuolation, loss of cross 
striations, and nuclear pyknosis. In some 
sections, there is mild to moderate, multifocal 
edema with scattered intermixed hemorrhage 
within the submucosa and between individual 
myofibers.  
 
Perl’s Prussian blue and rhodanine histo-
chemical stains are applied to tissues. 
Multifocally, black granular material and 
adjacent necrotic tissue exhibits strong 
positive staining for copper 
 

Contributor’s Morphologic Diagnoses: 
Lips and tongue: Marked, regionally 
extensive, coagulative necrosis with 
subepidermal and intraepidermal clefting, 
multifocal ulceration, epidermal nuclear 
streaming, collagen homogenization, and 
metallization (consistent with electrothermal 
injury) 
 
Contributor’s Comment: 
This is a case of clinically confirmed 
electrocution for which multiple classic 
histologic features are present. 
 
In veterinary patients, electrical injuries most 
commonly occur as accidents or, in the case 
of outdoor grazing animals, lightning strike.4 
Accidental electrical injuries can be further 
delineated into either low or high voltage 
exposure. In this case, accidental electro-
cution occurred from chewing on a live 
electrical wire connected to a household 
circuit, which is most consistent with a low 
voltage exposure. In general, high voltage 
exposure should theoretically have a higher 
propensity for more extensive injury.  
However, as seen in this case, low voltage 
accidents can result in profound external 
injury (electrothermal burn) with prolonged 
contact 4, a small contact surface area, and 

 
Figure 3-2. Tongue and haired skin, cat. Four sections of 
tongue (top and left) and three of the haired skin of the 
lip (bottom and right) are submitted for examination.  
At subgross magnification of the tongue, there is 
peripheral loss of the mucosal epithelium and liftin of 
epithelium at the edge of the lesion. There is focally 
extensive bluish discoloration of soft tissues in both the 
tongue and skin. (HE, 6X) 

 
Figure 3-3. Tongue, cat. The mucosal epithelium is 
diffusely necrotic and lifted off of the lamina propria by 
coalescing subepithelial vesicles.  At the edge of the 
lesion, mucosal epithelium is reduced to a coagulum 
with a dark black discoloration.  Throughout the 
section, submucosal and interstitial collagen is 
homogenized and amphophilic.  There is loss of 
epithelium on the underside of the tongue as well. (HE, 
36X)   
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with a media (saliva) to further promote 
electrical conduction. 
 
Characteristic microscopic features of 
electrothermal burns resulting from 
electrocution include changes to both the 
epidermis and dermal collagen as well as 
deposition of metal within affected tissue, all 
of which are present in this case.  
 
First, within the epidermis, there is formation 
of both intra- and subepidermal vesicles, 
which form a “honeycomb pattern” when 
numerous vesicles are present adjacent to one 
another.4 Furthermore, there is profound 
elongation of epidermal cells, with tight 
packing of pyknotic, elongated nuclei, also 
termed a “fishbone-like” elongation.4  This 
feature was previously thought to be due to 
polarization of cells from the passing of 
electrical current, but has since been instead 
postulated to be secondary to heat injury, as  
the same morphologic feature can be seen in 
flame injury burns.2  
 
Second, within the dermis, collagen fibers 
lose distinction and instead can form a large 
coagulum, known as “collagen homogeny-
ization.2,3” Affected collagen stains 

basophilic, and has loss of birefringence 
when viewed under polarized light.  
Depending on the extent of injury, this 
homogenization can extend and affect 
collagenous stroma in various deeper tissues, 
such as those surrounding vessels and nerves 
in this case.  
 
Third, microscopic beads of metal can be 
transferred from conductive metals to the 
affected tissue, a phenomenon known as 
“metallization.4” This finding is not specific 
for electrocution, as it can also be seen in 
thermal injury from fires. However, metal-
ization in cases of electrocution has been 
noted more likely to be concentrated at the 
margins of wounds, or penetrate deeper into 
tissues. In contrast, in cases of flame injury 
metal tends to be more diffusely but 
superficially distributed.4 Histochemical 
stains for iron and copper can aid in 
identification of metal within tissues. In this 
case, black granular pigment was present in 
the epidermis of the tongue along margins of 
necrosis and in severely affected areas.  Perl’s 
Prussian blue and rhodanine histochemical 
stains were applied to tissues, and granular 
material exhibited strong positive staining 
with rhodanine stain, confirming the 
presence of copper metallization. Additional 
small positive staining beads were also 
present throughout the necrotic epithelium.  
 
From a forensic perspective, when investi-
gating the nature of external lesions in which 
electrocution is suspected, it can be 
challenging to both grossly and histologically 
differentiate lesions caused by electrocution, 
flame, or impact (abrasions).2 While the 
previously described microscopic features 
are most commonly seen in cases of 
electrocution, these features can also variably 
be seen in either flame injury or impact 
abrasions.2  In a study comparing histologic 
changes from these injuries in humans, tight 
packing of pyknotic nuclei was the most 

 
Figure 3-4. Tongue, cat. Black granular material present 
amongst necrotic epithelium as well as the necrotic 
epithelium itself exhibits multifocal positive staining 
for copper (consistent with metallization). (Rhodanine, 
400X) Photo courtesy of: North Carolina State 
University, College of Veterinary Medicine, 
Department of Population Health and Pathobiology. 
https://cvm.ncsu.edu/research/departments/dphp/pr
ograms/pathology) 
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specific feature distinguishing electrocution 
injury from flame injury or impact 
abrasions.2 Given the overlap in histologic 
features that can be seen in these injuries, 
extensive investigation into clinical history, 
if possible, is helpful in case work up.  In this 
case, the clinical history of this patient 
confirms that identified lesions can be 
attributed to electrocution. 
 
In addition to tissues on the submitted slide, 
similar lesions were also present on 
examined sections of hard palate and 
adjacent nasal turbinates, with rare evidence 
of Wallerian-type degeneration in peripheral 
nerve fibers captured in section. 
 
In addition to external injuries incurred from 
electrical injury, internal injuries are also 
possible, and organs affected depend on the 
flow of current through the body, with 
endothelial cells, muscle (skeletal and 
cardiac), and central nervous system most 
often being affected.  Internal injury is rare in 
cases of low-voltage electrocution, and in this 
case, there was no evidence either clinically 
or on postmortem examination of injury to 
the heart or central nervous system.  
However, this patient did have gross and 
histologic evidence of non-cardiogenic 
(caudodorsally distributed) pulmonary 
edema, which can be seen in cases of low 
voltage electrical injury.5,6 The patho-
physiology of electrocution-induced 
pulmonary edema is not completely 
understood, but is thought to be caused by 
either direct endothelial damage from 
electricity, or represent a form of neurogenic 
pulmonary edema, in which catecholamine 
release results in pulmonary hypertension 
and increased vascular permeability.1 
 
Contributing Institution:  
North Carolina State University, College of 
Veterinary Medicine, Department of 
Population Health and Pathobiology 

https://cvm.ncsu.edu/research/departments/d
php/programs/pathology 
  
JPC Diagnosis:  
Oral mucosa and haired skin: Epithelial 
necrosis, coagulative, focally extensive, with 
subepithelial clefting, ulceration, nuclear 
streaming of the stratum basale, and 
subepithelial collagen homogenization and 
edema. 

JPC Comment:  
The contributor provides an excellent review 
of histologic lesions associated with 
electrothermal injury, a potentially 
challenging diagnosis to determine in cases 
lacking sufficient history and context. 
 
There are multiple classifications in regard 
the voltages associated with the power grid, 
including high, moderate, and low.  High 
voltage transmission lines are typically equal 
to or greater than 60 kilovolts (kV).  
Moderate voltages are typically associated 
with local distribution lines, which carry 
electricity from distribution stations to 
residences and businesses; their voltage 
typically ranges from 2.4-60kV.  
Transformers lower the distribution line 
voltage to 600V or less (i.e. low voltage) 
prior to the current entering individual 
service lines connected to homes.  For 
simplification, some publications discussing 
electrocution associate the term "low-

 
Figure 3-5. Haired skin, lip, cat. There is diffuse necrosis 
of mucosal epithelium follicles and adnexa extending 
into the deep dermis. There is diffuse homogenization 
of collagen and individual collagen fibers can no longer 
be determined.  (HE, 73X) 
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voltage" with less than 600V whereas those 
with greater than 600V are “high voltage”.3   
 
Electrocution occurs when an animal makes 
contact with two pieces of electrical 
equipment (e.g. power lines) or is in contact 
with both electricity and a grounded object. 
Once the circuit is established, the 
electricity’s path determines which tissues 
are affected, which are typically those 
occupying the shortest distance between the 
entry and exit points in high-voltage 
situations.  The most likely cause of death in 
high-voltage situations is the result of current 
passing through the cardiac and/or 
respiratory centers of the CNS or directly 
through the heart, resulting in cardiac and/or 
pulmonary arrest. Notably, ventricular 
fibrillation precedes cardiac arrest in low 
voltage electrocutions but does not occur in 
high voltage electrocutions.3 

 
Two forms of electrothermal injury occur at 
the cellular level, with the type of injury 
dependent on the cell’s size as well as its 
resistance to electrical current.  The passage 
of electrical current through tissues generates 
heat, which in turn results in the formation of 
pores in cell membranes in a process known 
as electroporation.  Electroporation typically 
affects larger cells, such as neurons and 
myocytes, while also correlating with the 
current’s path.  In contrast, thermal injury is 
more likely to occur in regions of higher 
resistance, such as the epidermis and dermis 
in this case.3    
 
Electrocution is a significant problem in large 
birds, such as raptors.  A review evaluating 
necropsy methods and findings associated 
with power line electrocution in raptors 
found 18% had a single external burn 
measuring less than 3cm.  In cases where 
electrocution injury is not clear, the author 
recommends close evaluation of the 
undersides of wings distal to the elbow and 

lower legs and feet, which were the most 
common location for small isolated burns.  In 
addition, charred tissues (e.g. skin, feathers, 
and beak keratin) exposed to an alternate 
light source at 530-570 nm under a red filter 
will photoluminesce bright red; unaffected or 
dirty tissues will photoluminesce poorly or 
not at all.  Electrocution should always be 
considered as a differential for dead birds 
found under power lines; however, a 
thorough necropsy is required for this 
diagnosis as other possible causes of death in 
these areas include collisions and gunshot.  
The majority of avian electrocutions are 
reported to occur in association with 
distribution lines.3    
 
A historical review of the early study of the 
pathophysiology associated with electro-
cution, as well as electricity’s paradoxical 
ability to save lives, provides for an 
interesting detour.  
 

 
Figure 3-6. Tongue, cat. Homogenized collagen within 
the tongue has lost birefringence. (HE with polarized 
light, 40X). Photo courtesy of: North Carolina State 
University, College of Veterinary Medicine, 
Department of Population Health and Pathobiology. 
https://cvm.ncsu.edu/research/departments/dphp/pr
ograms/pathology) 
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Commercially available electricity became 
increasingly popular following the invention 
practical generators during the 1870s, which 
was inherently associated with many 
accidental deaths, particularly amongst utility 
workers. Early hypotheses in regard to the 
pathogenesis of electrocution included 
theories such as arterial blood's loss of 
magnetic properties.  Medical interest was so 
great at the time that 12 physicians attended 
the execution of William Kemmler, the first 
legal execution by electrocution, on August 
6th 1890.  Although an extensive autopsy was 
performed, the underlying cause of death 
remained largely unknown.1   
 
In 1899, Italian physiologists Jean Louis 
Prevost and Frederic Battelli as well as 
Columbia University’s RH Cunningham 
independently demonstrated strong electrical 
current stopped the hearts of experimental 
animals while weaker shocks caused 
ventricular fibrillation, also resulting in 
death.  In addition, Prevost and Battelli noted 
some cases demonstrating ventricular 
fibrillation were restored to a normal sinus 
rhythm after a second shock was applied to 
electrodes in the mouth and the intestine, 
unknowingly performing the first successful 
internal defibrillation.  The significance of 
the event went largely unnoticed at the time 
since ventricular fibrillation was thought to 
only occur in animals and the phenomenon 
could not be consistently replicated nor 
explained.1   
 
The invention of the electrocardiograph 
greatly facilitated the understanding of 
cardiac electrophysiology, with the first 
account of a recorded electrocardiograph 
attributed to Augustus Desire Waller in 1887.  
It was developed into a clinical tool over the 
following decades, greatly enhancing the 
understanding of arrhythmias and cardiac 
physiology.  Notably, researchers identified a 
refractory period in the cardiac cycle during 

which the ventricles were more susceptible to 
ventricular fibrillation as the result of an 
electrical shock. Carl Wiggers and Rene 
Wegria conclusively demonstrated this in 
1940, finding that a brief electrical shock 
only ‘induces fibrillation when the shocks 
fall during the vulnerable period of late 
systole’.1  
 
The first successful human defibrillation was 
performed by Claude Beck in 1947 on a 14-
year old boy suffering ventricular fibrillation 
during an operation for pectus excavatum 
during which the thorax was already open.  
The paddles were applied directly to the heart 
and four shocks of 110V were delivered, 
saving the boy’s life.1 
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CASE IV: 18042E (JPC 4136503)   
 
Signalment:  
Four-year-old, male rhesus macaque 
(Macaca mulatta) 
 
History:  
This animal was exposed to 10.7 Gy whole 
thorax irradiation using 6 MV linear 
accelerator-derived photons delivered at a 
dose rate of 100 cGy/min using methods 
similar to those previously described.2 The 
animal was euthanized 63 days post-
irradiation due to an elevated respiratory rate 
(experimental endpoint). 
 
Gross Pathology: 
The lungs were more than twice the normal 
weight with patchy mottled red/brown 
regions in all lobes (consolidation).  
 
Laboratory Results:  
None submitted. 
 
Microscopic Description: 
About 80% of alveolar lumina contain 
eosinophilic homogeneous material (edema), 
forming hyaline membranes in some, and 
foamy macrophages and eosinophils. 
Alveolar spaces are intermittently expanded 
2-8 times normal by clear space 
(emphysema) and adjacent alveoli are 
collapsed (atelectasis). Alveolar septa are 
thickened 4-5 times normal by fibrillar 
eosinophilic material (collagen), eosinophils, 
plasma cells, and macrophages. Type II 
pneumocytes are prominent, and many are  

binucleated with karyomegaly and loss of 
polarity. 
 
Contributor’s Morphologic Diagnoses: 
Lung: Pneumonitis, diffuse, chronic, severe 
with alveolar histiocytosis, type II  
pneumocyte hyperplasia and dysplasia, and 
interstitial fibrosis. 
 
Contributor’s Comment: 
Findings in this case are consistent with 
exposure to ionizing radiation. Radiation-
induced lung injury has been divided into two 
syndromes.3,6 The first is radiation-induced 
pneumonitis which occurs within months of 
exposure and is further subdivided into 
phases. The latent phase lacks histologic 
damage and is clinically silent. 
Ultrastructural studies, however, have 
revealed increased capillary permeability, 
degenerate mitochondria, and abnormal 
lamellar bodies in type II pneumocytes. The 
exudative phase is characterized by excessive 

 
Figure 4-1. Lungs, rhesus macaque. The lungs were 
more than twice the normal weight with patchy 
mottled red/brown regions in all lobes. (Photo courtesy 
of:  Section on Comparative Medicine, Wake Forest 
School of Medicine, Medical Center Boulevard, 
Winston-Salem, NC 27157, 
http://www.wakehealth.edu/Comparative-
Medicine/) 
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leakage of fibrin into alveolar spaces which 
contributes to the formation of hyaline 
membranes. During this acute pneumonitis, 
alveoli are hypercellular primarily due to 
foamy macrophages. The second syndrome is 
the late stage of radiation-induced lung injury 
and is characterized by pulmonary fibrosis. 
This phase is associated with abundant 
collagen fibers in the interstitium. Radiation-
induced fibrosis then results in progressive 
dyspnea due to decreased lung compliance 
and impaired gas exchange. 
 
The extent to which cells are damaged by 
radiation is based on both physical and 
biological factors.3 Physical factors include 
the dose of radiation, usually expressed in 
Gray, and the period of time over which the 
radiation is delivered (single, fractionated, or 
protracted). Biological factors include 
features of the cell type exposed and how 
often it divides. Rapidly proliferating cells 
are more sensitive to injury with irradiation, 
and differentiated cells are less sensitive. For 
example, proliferating hematopoietic stem 
cells in the bone marrow are relatively 

sensitive while differentiated nervous system 
cells are resistant. For single dose whole-
chest exposures in humans, the dose-
response curve is steep, with a 50% incidence 
of pneumonitis at around 10 Gy.10 The dose-
response relationship is similar for 
macaques.2,8 Concurrent cardiac effects may 
contribute to pulmonary edema or pleural 
effusion.   

 
Figure 4-2. Lung, rhesus macaque. At subgross 
magnification, 80% of the lung is consolidated and the 
remaining (top right) demonstrates mild emphysema.  
(HE, 5X) 

 
Figure 4-3. Lung, rhesus macaque.  Within the areas of consolidation, alveoli are filled with various combinations of edema, 
fibrin, macrophages, and neutrophils.  Septa are markedly expanded by edema, fibrin, and variable infiltrate of neutrophils 
and macrophages.  (HE, 171X) 



22 
 

As ionizing radiation passes through tissue, it 
interacts with intracellular water to generate 
highly reactive free radical species. Anti-
oxidants or detoxifying enzymes are then 
upregulated to enhance cellular defense 
mechanisms in response. The overexpression 
of manganese superoxide dismutase during 
the late fibrotic response in a mouse model of 
radiation-induced pneumonitis is one 
example.5 If injury persists, irradiation 
disrupts the cellular redox balance because of 
the production of abundant reactive oxygen 
species. This leads to oxidative damage to 
DNA, protein, and lipid peroxidation which 
incites an inflammatory response.9 Despite 
extensive research, target cells or clear 
mechanisms underlying radiation-induced 
lung injury are not fully understood. Among 
the inflammatory cells, macrophage 
polarization is considered as an important 
axis for the control of fibrosis. Radiation-

induced injury activates M1 macrophages 
leading to the initial stage of radiation-
induced pneumonitis, and the M2 phenotype 
has been linked with radiation-induced 
fibrosis.4 Among pro-fibrotic cytokines, TGF 
beta plays a major role in fibrogenesis, 
particularly in the transformation of 
fibroblasts to myofibroblasts, which is an 
important stimulus for the production of 
extracellular matrix.8  
 
Contributing Institution:  
http://www.wakehealth.edu/Comparative-
Medicine/  
 
JPC Diagnosis:  
Lung: Pneumonia, interstitial, fibrino-
necrotic and eosinophilic, diffuse, severe, 
with hyaline membranes, interstitial fibrosis, 
and type 2 pneumocyte hyperplasia. 

 

 
Figure 4-4. Lung, rhesus macaque. There is flooding of alveoli with fibrin, which occasionally compacts to form hyaline membranes 
lining damaged alveolar septa. (HE, 378X) 
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JPC Comment:  
Radiotherapy (RT) is a common and 
effective component of multiple oncologic 
treatment protocols and has been associated 
with decreases in local recurrence, distant 
metastases, and mortality of certain cancers.  
However, radiation induced lung injury is an 
inherent risk of RT, particularly in breast and 
lung cancer patients as lung tissue will 
invariably be exposed to the radiation portal.7  
Approximately 43% of lung cancer patients 
receiving a total dose of 27.5Gy or more will 
develop radiation induced lung injury1 and up 
to 16% of breast cancer patients are affected 
by radiation pneumonitis and subsequent 
fibrosis.7 These patients are affected by the 
two consecutive syndromes described by the 
contributor, with radiation pneumonitis 
occurring <6 months following RT followed 
by radiation induced pulmonary fibrosis.7  
 
As noted by the contributor, the development 
of radiation-induced lung injury is influenced 
by factors such as the radiation dose as well 
as the timespan of exposure.  Since individual  
cases vary, oncologists must carefully select 
optimal protocols based on individual patient 
factors.  For example, common breast cancer 
protocols utilize either hypofractionated 
(42.56Gy in 16 fractions) or conventionally 
fractionated (50Gy in 25 fractions) protocols 

over several weeks. Corticosteroids are 
commonly used a primary treatment of 
radiation induced pneumonitis, followed by a 
tapering schedule.7 

 
Clinically, radiation pneumonitis in human 
patients is a diagnosis of exclusion after 
differentials such as disease progression, 
tuberculosis, and asthma are ruled out, 
followed by chest radiographs, computed 
tomography scans, and/or pulmonary 
function tests. However, antemortem diag-
nosis of radiation pneumonitis is difficult as 
there are no definitive radiological or 
laboratory tests.7       
 
 Radiation-induced lung injury investigations 
have commonly utilized murine models, 
particularly the C57BL/6J strain. Similar to 
NHPs and humans, the threshold single dose 
required to elicit pathogenesis also appears to 
be 10Gy. C57BL/6J mice typically develop 
radiation pneumonitis 8-16wks following 
exposure, followed by pulmonary fibrosis 
starting at 24 weeks.  Interestingly, C3H and 
CBA strains develop radiation pneumonitis 
earlier and at lower doses than the C57BL/6J, 
making these strains good models for studies 
evaluating early radiation induced pneumon-
itis; however, these strains do not typically 
develop pulmonary fibrosis and are therefore 
poor models for the evaluation the full 
progression of radiation induced lung injury.1   
 
Although the pathogenesis in mice appears to 
be similar to humans and NHPs, their small 

 
Figure 4-5. Lung, rhesus macaque. At left, an airway 
lumen is filled with proliferating fibroblasts and 
collagen (bronchiolitis obliterans). At right, airway, 
there is a focus of septal necrosis with dystrophic 
mineralization.  (HE, 100X) 

 
Figure 4-6. Lung, rhesus macaque. There is mild 
emphysema of the adjacent less affected lung. (HE, 
52X)  
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size historically required irradiation of the 
entire thorax, which does not typically 
correlate with the clinical application of 
targeted small field RT in human patients. 
This limitation necessitated the use of larger 
animal models such as pigs and NHPs to 
allow for hemi-thorax or smaller targeted 
fields. However, the recent advent of small 
animal irradiators has provided researchers 
with the ability to replicate small field RT in 
murine models.1 

 

Differentials of similar lesions in various 
species proposed by the moderator include 
direct (i.e. inhaled) toxins such as oxygen, 
ozone, nitrous dioxide, and smoke; indirect 
toxins such as paraquat, 4-ipomeanol, purple 
mint, stinkwood, rapeseed, and kale; type III 
hypersensitivity reactions, and potentially 
infectious etiologies.  Conference attendees 
also noted increased eosinophils in the 
examined section, for which the underlying 
cause is unclear, but appears to be a 
stereotypical inflammatory response in some 
nonhuman primate species.  
 
References:  

1. Beach TA, Groves AM, Williams JP, 
Finkelstein JN. Modeling radiation-
induced lung injury: lessons learned 
from whole thorax irradiation. Int J 
Radiat Biol. 2020;96(1):129-144. 

2. Cline JM, Dugan G, Bourland JD, et 
al. Post-Irradiation Treatment with a 
Superoxide Dismutase Mimic, 
MnTnHex-2-PyP5+, Mitigates 
Radiation Injury in the Lungs of Non-
Human Primates after Whole-Thorax 
Exposure to Ionizing Radiation. 
Antioxidants (Basel, Switzerland). 
2018;7(3):40.  

3. Coggle JE, Lambert BE, Moores SR. 
Radiation effects in the lung. Environ 
Health Perspect. 1986;70:261-291.  

4. Duru N, Wolfson B, Zhou Q. 
Mechanisms of the alternative 

activation of macrophages and non-
coding RNAs in the development of 
radiation-induced lung fibrosis. 
World J Biol Chem. 2016;7(4):231-
239.  

5. Epperly M, Bray J, Kraeger S, et al. 
Prevention of late effects of 
irradiation lung damage by 
manganese superoxide dismutase 
gene therapy. Gene Ther. 
1998;5(2):196-208.  

6. Lombardini, Eric D; Pacheco-
Thompson, Michelle E; Melanson 
MA. Radiation and Other Physical 
Agents. In: Haschek and Rousseaux’s 
Handbook of Toxicologic Pathology. 
San Diego, United States: Elsevier 
Science & Technology; 2013.  

7. McKenzie E, Razvi Y, Bosnic S, et al. 
Case series of radiation pneumonitis 
in breast cancer [published online 
ahead of print, 2021 Dec 9]. J Med 
Imaging Radiat Sci. 2021;S1939-
8654(21)00296-4. 

8. Parker GA, Li N, Takayama K, 
Farese AM, MacVittie TJ. Lung and 
Heart Injury in a Nonhuman Primate 
Model of Partial-body Irradiation 
with Minimal Bone Marrow Sparing: 
Histopathological Evidence of Lung 
and Heart Injury. Health Phys. 
2019;116(3):383-400. 

9. Reisz JA, Bansal N, Qian J, Zhao W, 
Furdui CM. Effects of ionizing 
radiation on biological molecules--
mechanisms of damage and emerging 
methods of detection. Antioxid Redox 
Signal. 2014;21(2):260-292. 
doi:10.1089/ars.2013.5489 

10. Van Dyk J, Keane TJ, Kan S, Rider 
WD, Fryer CJ. Radiation pneumonitis 
following large single dose 
irradiation: a re-evaluation based on 
absolute dose to lung. Int J Radiat 
Oncol Biol Phys. 1981;7(4):461-467. 

 



WSC 2021-2022 Self-assessment 

Conference 17 

 

1. Ebola Reston virus only causes disease in primates and what other species?. 

a. Swine 

b. Bats 

c. Cats 

d. Ferrets 

 

2. Marburg virus infects and is disseminated throughout the body via? 

a. Lymphocytes 

b. Macrophages 

c. Erythrocytes 

d. Platelets 

 

3. Which cutaneous antigen is targeted in pemphigus vulgaris? 

a. Laminin-5 

b. Desmoglein-3 

c. Bullous pemphigoid antigen 

d. ADAMS12 

 

4. Which of the following ions may be transferred to tissue following electrothermal 
injuries? 

a. Aluminum 

b. Tin 

c. Copper 

d. Lithium 

 

5. Teratomas that are primarily composed of ectodermal components of haired skin forming a 

large cyst are called what? 

a. Pilonidal cysts 

b. Matrical cysts 

c. Dermoid cysts 

d. Malignant cutaneous teratomas 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 



RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: NO21-0000475 (JPC 4170014)   
 
Signalment:  
10-year-old male African Elephant 
(Loxodonta africana) 
 
History:  
This 10-year-old male African elephant had 
been diagnosed and treated over the last week 
for elephant endotheliotropic herpesvirus 
(EEHV) infection.  It had chronic anemia for 
several years. After several days of rapidly 
progressing debilitation, it went down in the 
elephant restraint device and died, despite 
antiviral treatment. 
 
Gross Pathology: 
The epicardium, myocardium, and endo-
cardium were diffusely dark red to black and 
there was a 5 x 5 cm region of hemorrhage at 
the base of the pulmonary artery.  Petechial 
hemorrhages were noted on the gastro-
intestinal serosa, mesentery, lymph nodes, 
and there was extensive mural edema 
multifocally in the intestine. The bone 
marrow was pale. 
 
Laboratory Results:  
Perimortem, elevated EEHV-2 levels were 
noted with plasma levels at 435,000 vge/ml. 
 
 

Microscopic Description: 
Within the heart, capillary vessels are 
frequently disrupted and infiltrated by 
neutrophils.  Edema and hemorrhage are 
extensive in these areas, disrupting the 
adjacent cardiomyocytes which are shrunken, 
fragmented, and hypereosinophilic with 
moderate to marked myofiber disarray. 
Endothelial cells rarely contain intranuclear 
inclusions. 
 
Contributor’s Morphologic Diagnoses:  
Heart: Severe myocardial necrosis, degen-
eration, and hemorrhage with intranuclear 
endothelial inclusion bodies. 

 
Figure 1-1. Heart, elephant:  There is suffusive 
hemorrhage over the epicardium. (Photo courtesy of: 
National Institutes of Health, Bethesda, MD 20892, 
https://www.ors.od.nih.gov/sr/dvr) 

about:blank
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Contributor’s Comment: 
The histologic findings are consistent with 
elephant endotheliotropic herpesvirus 
(EEHV) infection.  In this case, EEHV-2 was 
isolated. Elephant endotheliotropic herpes-
virus (EEHV) is a double stranded DNA, beta 
herpesvirus that causes an acute hemorrhagic 
syndrome (EEHV-HD) that mostly affects 
young Asian elephants.  Studies of Asian and 
African elephants have shown that most 
Asian elephants carry strains EEHV1b, 
EEHV4 and EEHV5, while African ele-
phants carry EEHV2, EEHV6 and EEHV7. 
Despite its widespread presence in African 
elephants, there have been only 13 confirmed 
cases of EEHV in African elephants with an 
approximately 50% mortality rate EEHV is 
known to infect endothelial cells, causing 
edema, hemorrhage, 
and coagulopathies, 
with capillary endo-
thelial cells being 
the most affected. 
The heart is also 
often severely aff-
ected. Nonclinical 
African elephants 
may have cutaneous 
papillomas along 
the trunk and lym-
phoid hyperplasia in 
the urogenital mu-
cosa and lungs. 

Currently, it is not known why some EEHV-
infected elephants develop EEHV-HD, while 
others do not.  The cause of chronic anemia 
in this elephant was not determined, but there 
was a marked decrease in the bone marrow in 
the samples examined. 
 
The described virus: dsDNA, betaherpesvirus  
Target  primarily young elephants 
Cause:  acute hemorrhagic syndrome 
(EEHV-HD) 
Asian Elephants EEHV1b, EEHV4, and 
EEHV5 
• only 13 cases; 50% mortality; targets 

endothelial cells; coagulopathy 
• non-clinical  papillomas along trunk; 

lymphoid hyperplasia in urogenital 
mucosa and lungs 

• Unknown why some develop disease 
and not 

• Unknown why anemia in this particular 
elephant, though marked bone marrow 
decrease 

African Elephants:  EEHV2, EEHV6, and 
EEHV7 
 
Contributing Institution:  
National Institutes of Health 
Bethesda, MD 20892 
https://www.ors.od.nih.gov/sr/dvr  

 
Figure 1-2. Heart, elephant. Multiple sections of cardiac 
muscle are submitted for examination. There are 
multifocal areas of hemorrhage scattered randomly 
throughout each section.  (HE, 7X) 

 
Figure 1-3. Heart, elephant. In some areas of hemorrhage, there is marked edema and 
separation of myofibers. (HE, 105X 
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JPC Diagnosis: 
Heart:  Vascu-
litis, necrotizing, 
multifocal, mod-
erate, with myo-
cardial hemorr-
hage and edema, 
and rare endo-
thelial intranu-
clear viral 
inclusions. 

JPC Comment:  
The contributor 
provides a con-
cise review of elephant endotheliotropic 
herpesvirus (EEHV), a significant cause of 
mortality in predominately juvenile Asian 
and African elephants.  
 
In 1988, a young Indian elephant in a Swiss 
circus died from an unknown acute 
hemorrhagic disease, which was followed by 
nearly 20 similar cases in North America and 
Europe during the 1990s.  In 1995, a 
veterinary pathology resident at the 
Smithsonian National Zoo, Dr. Laura 
Richman, identified herpesvirus-like 
particles using electron microscopy while 
investigating endothelial cell nuclear 
inclusion bodies in heart and liver samples 
from an Asian elephant from their collection.  
Four years later, Richman and her colleagues 
published a report describing the detection of 
DNA from a novel herpesvirus called 
“elephant endotheliotropic herpesvirus”.  
Since its discovery, EEHV has been 
identified in both captive and wild elephants 
and is the most common cause of mortality in 
juvenile Asian Elephants (Elephas maximus) 
in both North America and Europe.5 As a 
testament to the virus' significance, EEHV 
was responsible for the deaths of 29.6% of 
Asian elephants born in captivity in the 

United Kingdom and Ireland between 1995 
and 2013.3 

 
One retrospective review6 of 27 cases of 
EEHV in Indian elephants found the most 
common gross lesion to be myocardial 
hemorrhage, followed by multisystemic 
hemorrhage, blue or purple tongue 
discoloration, pericardial effusion, edema, 
and ascites.  Common areas of non-cardiac 
hemorrhage included the gastrointestinal 
mucosa and serosa, liver, pancreas, and 
lungs.  Histologically, all cases demonstrated 
hemorrhage within the heart, spleen, and 
thymus, with the most severe hemorrhage 
noted in the heart and spleen.  Cardiac 
hemorrhage was most severe in the sub-
endocardial and sub-epicardial regions.  
Microthrombi were present in 63% of cases, 
most commonly in the lungs in addition to 
other organs such as the kidneys and liver.  
100% of lung sections demonstrated 
endothelial cell damage characterized by 
separation, sloughing, denudation, or loss, 
followed by edematous expansion of the 
tunica intima (95%) and migrating 
leukocytes (67%).  Similar lesions were 
present within the hepatic blood vessels, 
predominantly within the sinusoids and 
portal capillaries.  The most consistent organs 

 
Figure 1-4.  Heart, elephant.  Rarely, endothelial cells within damaged vessels contain a single 
intranuclear viral inclusion. (HE, 600X) 
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demonstrating endothelial viral nuclear 
inclusions were the heart and liver.6   
 
The same study concluded disseminated 
intravascular coagulation (DIC) is likely 
associated with end stage EEHV, with key 
histologic features including the presence of 
microthrombi and widespread hemorrhage in 
multiple tissues. DIC is an acquired 
coagulopathy that commonly precedes 
multiorgan failure, cardiovascular failure, 
and death. The most likely pathogenesis 
associated with EEHV stems from endo-
thelial cell damage with secondary exposure 
of subendothelial tissue factor.  Exposure of 
tissue factor results in both platelet activation 
and initiation of the extrinsic coagulation 
pathway. Extensive endothelial damage, as is 
likely in cases of EEHV, can overwhelm 
localized homeostasis control mechanisms, 
resulting in generalized activation of the 
coagulation cascade.  If the underlying cause 
is unable to be resolved, both platelets and 
coagulation factors become depleted and 
hemostasis can no longer be maintained, 
resulting in multifocal areas of hemorrhage.6     
 
Asian elephants with EEHV have 
successfully been treated with famciclovir, 
an antiviral medication, in addition to 
supportive therapy such as rectal and intra-
venous fluids, conspecific plasma, diuretics 
for edema, antibiotics, and oxygen.  
However, administration of antivirals and 
supportive care is most likely to be successful 
when initiated prior to onset of clinical signs.  
Subclinical viremia has been detected in 
Asian elephants up to 28 days prior to onset 
of clinical signs. Therefore, the optimal 
method suggested for identification of 
subclinical cases is regular PCR analysis of 
blood samples of young Asian elephants.3 

Additional methods of sample collection for 
surveillance may include trunk washes, 
conjunctival swabs, and saliva swabs as viral 
shedding typically commences 10 days after 

onset of viremia.1 A recently published study 
demonstrated the ability to detect EEHV in 
elephant feces using qPCR, although 
sensitivity was significantly lower compared 
to saliva swabs.  However, a similar method 
may one day provide a suitable non-invasive 
method of early detection of EEHV in captive 
elephants while also facilitating surveillance 
of shedding in wild herds.1 

  
A notable feature of EEHV is severe and 
lethal disease is practically non-existent in 
animals less than one year of age, suggesting 
maternal antibodies likely provide protection 
against disease, if not infection.5   
 
During the conference, the moderator 
discussed encephalomyocarditis virus 
(ECMV) as a differential diagnosis in this 
case.  In comparison to EEHV, ECMV is 
typically associated with more severe 
myocardial degeneration and necrosis, less 
hemorrhage, and endothelial intranuclear 
viral inclusions are not associated with this 
entity.  However, based on the moderator's 
experience, viral inclusions are infrequently 
present cases of EEHV and additional 
diagnostics (e.g. PCR) are frequently 
required for definitive diagnosis. 
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CASE II: LE-2 (JPC 4120289) 
 
Signalment:  
3-year-old neutered male rabbit (Oryctolagus 
cuniculus forma domestica 
 
History:  
Two days after its partner-animal died 
without premonitory signs, the presented 
rabbit was vaccinated against myxomatosis 
and rabbit hemorrhagic disease virus 
(RHDV). The used vaccines were Nobivax 
Myxo-RHD® (owner of license: Intervet 
international) and Filavac VHD K C+V® 
(owner of license: Filavie). As the animal 
showed a good state of health, it was placed 
in a new group of rabbits 3 days after 
vaccination. On the next day it was found 
dead without any premonitory signs. 
 
Gross Pathology: 
The animal was in a good body condition. 
The liver showed a diffuse orange to reddish 

brown coloration and a moderate friable 
consistence. Multifocal mild to moderate 
acute hemorrhages were detectable within the 
lung. Bilateral in the axillary subcutis a 
lipoma (each 2 cm in diameter) was visible. 
No further pathomorphological alterations 
could be observed. 
 
Laboratory Results:  
The molecular testing of a pooled sample of 
liver and lung by real-time PCR to detect 
rabbit hemorrhagic disease virus (RHDV) 
was finished with a positive result. The 
sequence alignment of the PCR-product 
showed a 97% homology to RHDV type 2. 
The parasitological investigation of the 
intestine was finished with a negative result. 
 
Microscopic Description: 
Liver: Multifocal to coalescing a moderate to 
severe hepatocellular necrosis is detectable, 
which can predominantly be found in 
periportal and midzonal areas of the hepatic 
lobules. The affected hepatocytes are 
characterized by a hyper-eosinophilic, 
frequently shrunken and fragmented 
hepatocellular cytoplasma as well as 
karyopyknosis and karyolysis. Some necrotic 
areas show slight hemorrhages and are 
scattered infiltrated by mostly degenerated 
neutrophils. Due to dissociation of the 
damaged hepatocytes, the liver cords are 
multifocally discontinuous and irregular. 
Numerous of the remaining hepatocytes are 
enlarged and show a fine foamy cytoplasm, 
frequently revealing tiny lipid droplets or 
sometimes vacuoles. Infrequent, fatty cysts 
are visible. Binucleated hepatocytes are a 
common finding. Multifocally, the periportal 
areas show a proliferation of the connective 
tissue, characterized by a mild to moderate 
fibroplasia and scattered early proliferation 
of bile ducts. In these areas a mild to 
moderate mononuclear portal/periportal 
infiltration, predominantly characterized by 
lymphocytes as well as several plasma cells 
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and macrophages can be detected. In several 
of the remaining hepatocytes, Kupffer cells 
and periportal located macrophages, a mild 
storage of a dark brown coarse-grained 
pigment can be observed, consistent with 
hemosiderin (staining by Berlin-Blue: 
positive).  
 
Contributor’s Morphologic Diagnoses:  
Liver:  
1. Hepatocyte necrosis, acute, multifocal to 

coalescing, moderate to severe, 
consistent with the diagnosis of viral 
hemorrhagic disease of rabbits 

2. Proliferation of connective tissue, 
periportal, multifocal, mild to moderate 
with mononuclear infiltration, multifocal, 
mild to moderate 
 

Contributor’s Comment: 
The rabbit hemorrhagic disease (RHD), also 
referred as viral hemorrhagic disease (VHD) 
of rabbits, is an acute and highly contagious 
viral hepatitis with a mortality rate ranging 
between 70% and 100%. RHD affects both 
European domestic and wild rabbits 
(Oryctolagus cuniculus).1,6 First described in 
China (1984), the disease rapidly spread 
worldwide and occurs on almost all 
continents, being endemic in most parts of 
Europe, Asia, parts of Africa, Australia and 
New Zealand.1 The causative agent is the 
rabbit hemorrhagic disease virus (RHDV), a 

calicivirus belonging to the genus 
Lagovirus.12,22,25,28,29,33 Like other 
caliciviruses, it is a small sized (about 35-40 
nm in diameter), non-enveloped, icosahedral 
single-stranded RNA-virus.25,29,36,39 
 
RHDV is mainly transmitted directly by 
contact to infected animals which shed viral 
particles in their secretions and excretions 
(oral, nasal, conjunctival, parenteral), but 
indirect transmission (fomite-contaminated 
food, water, bedding, cages, clothing, 
equipment) as well as a vector-borne 
transmission (scavenging mammals, birds, 
blood-feeding insects insects) is 
described.4,7,9,24,39 In natural infections the 
fecal-oral route is considered to be the 
preferential way of transmission.4,24 Virus 
injected into bovine liver, which was used to 
mimic RHDV in rabbit carcasses, was still 
viable after 3 months.14 Due to this high 
resistance and stability, carcasses of RHDV-
infected animals are considered as an 
important source for viral spreading in the 
field.14,21,23 
 
The incubation period of RHD ranges 
between 24 and 72 hours, whereas the 
symptoms occur suddenly, often without 
conspicuous signs, and usually with an 
elevated temperature of up to 40-41.5°C.23 
Three clinical courses of the disease can be 
differentiated: peracute, acute and 
subacute/mild.23,39 No clinical signs are 
visible in the peracute form. In contrast, 
animals with acute infections show 
unspecific signs as anorexia and apathy, but 
also neurological symptoms (e.g. excitement, 
paralysis ophistotonus, ataxia) and 
occasionally respiratory signs (tracheitis, 
dyspnea and cyanosis), foamy or bloody 
nasal discharge, lacrimation, ocular 
hemorrhage, epistaxis, blood in feces, icteric 
coloration of the subcutis and skin of the ears, 
coagulation disorders, anemia and leuco-
cytosis are described.11,16,20,23,39 Subacute/ 

 
Figure 2-1. Liver, rabbit:  There is a diffuse retiform 
pattern of pallor in the submitted section of liver and 
mild hypercellularity in portal areas. (HE, 5X) 
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mild forms present similar but milder clinical 
symptoms and most rabbits survive and 
develop antibodies against RHDV, which 
confer protection upon re-infection.23,29 
 
Naturally occurring RHD due to infection 
with the “classical” RHDV is rarely seen in 
rabbits less than two months of age and the 
most studies on experimentally-infected 
animals were only able to detect viral 
antigens in rabbits older than 4-
weeks.20,30,34,39 The viral dissemination in 
these young (so-called “resistant”) animals is 
so far unclear, but is possibly due to 
differences in the leucocyte response to 
hepatocyte infection between adult and 
juvenile rabbits. In this context the 
lymphocytic rather than the heterophilic 
response is observable in younger animals, 
which possibly reflects a protective host 
response to viral antigens on the hepatocyte 
surface.1,8 
 
In adult rabbits the primary target tissues of 
RHDV are liver, lung and spleen.2,10,16,25,32 A 

viral replication in the cytoplasm of 
hepatocytes is detectable within the first 
hours post infection, reaching a maximum 
after 36-48 hours.2,11,15,30 Moreover, RHDV 
can be observed in macrophages within the 
red pulp of the spleen and lymph node sinuses 
as well as within alveolar macrophages of the 
lung and Kupffer cells of the liver but also in 
circulating monocytes of unaffected organs 
such as enteric submucosae, myocardium and 
thymus.2,16,30,32 Therefore it is supposed, that 
macrophages are important for spreading the 
infection.16,32  
 
The most conspicuous lesions at necropsy are 
mostly found in liver, trachea and lungs.20 
The pale yellow or grayish and friable liver 
can be enlarged and is often characterized by 
a fine lobular appearance and sometimes 
interspersed with haemorrhages.5,11,15,16,20,28 
Histomorphologically, the characteristic 
finding is a severe hepatocellular necrosis 
especially in the peripheral zones of lobules, 
which is infiltrated by neutrophils (acute 
necrotic hepatitis).10,11,16,20,30 As also shown 

 
Figure 2-2. Liver, rabbit: There is diffuse swelling of hepatocytes by abundant intracytoplasmic lipid microvesicles.  Randomly, 
individual and small aggregates of hepatocytes are rounded up with brightly eosinophilic granular cytoplasm and nuclear 
pyknosis, fragmentation and loss (apoptosis). (HE, 213X) 
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in the present case, affected hepatocytes are 
characterized by hyper-eosinophilia, karyo-
pyknosis and karyorrhexis. The liver cords 
become discontinuous and irregular as a 
consequence of hepatocyte dissociation and 
small, scattered intralobular foci of 
hemorrhage are present.10,20,30 Further 
hepatocytic lesions, also observed in the 
remaining hepatocytes of the present case, 
are a fine foamy cytoplasma (tiny lipid drop- 
lets or sometimes vacuoles) as well as bile 
pigment and/or iron pigment depo-
sition.10,20,30 In the present case, hepato-
cellular necrosis can not only be detected in 
the peripheral but also in the midzonal areas 
of the lobules. Only few, mostly 
karyorrhectic neutrophils are visible, whereas 
several hepatocytes are enlarged and 
binucleated. Moreover, the (peri-)portal areas 
show a proliferation of connective tissue, 
characterized by a mild to moderate 
fibroplasia and scattered early proliferation 
of bile ducts, accompanied by mild to 
moderate mononuclear infiltration of the 
portal tracts. Similar findings could be made 
in experimentally RHDV-infected animals 

killed 7 days post infectionem.10 Therefore 
the alterations can be interpreted as early 
signs of regeneration or rather reparation, 
which is in line with a subacute process and 
indicates a subacute/mild form of RHD in the 
present case. 
 
As a characteristic feature of disseminated 
intravascular coagulation (DIC) in RHD a 
frequent histopathological finding are 
microthrombi in small blood vessels 
especially from liver, spleen and kidney but 
also in the brain and alveolar capillaries.20,30 
Consequential, almost all organs, particularly 
lungs, heart and kidney are characterized by 
petechial haemorrhages.10,20,32 Moreover, 
congestions, especially of the lung, trachea, 
kidney and spleen, splenomegaly as well as 
an oedema of the lung and abundant frothy 
fluid in the trachea are frequent 
features.5,10,11,15,16,20,28,32   
 
As infrequent findings in RHD profuse 
bloody effusion in the thoracic and 
abdominal cavities, poor blood coagulation, 
icterus, catarrhal gastritis with mucosal 

 
Figure 2-3. Liver, rabbit: Aggregates of hepatocytes are apoptotic with loss of sinusoidal architecture. Within areas of apoptosis, 
Kupffer and sinusoidal lining cells are likewise necrotic. (HE, 481X) 
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erosions and hyperplastic enlargement of 
mesenteric lymph nodes, karyorrhexis and 
karyopyknosis in cells of the spleen and other 
lymphoid tissue (BALT, GALT, thymus, 
lymph nodes), leading to depletion and 
lymphopenia are described.5,20,30,39 Few 
authors report membranous glomerulo-
nephritis, non-suppurative encephalomy-
elitis, gastritis, adrenocortical necrosis, 
endometrial congestion and hemorrhages, 
degeneration of the pancreatic acinar 
epithelial and islet cells, focal necrosis in the 
mucosa of the gall bladder, and inflammatory 
cells and serous exudate filling pulmonary 
airways and alveoli.39 In pregnant rabbits, 
fetuses with multi-organ focal hemorrhages 
were found.5 

 
In summary, a severe necrotizing hepatitis, 
especially in the peripheal zones of lobules as 
well as a DIC, followed by hemorrhages and 
congestions, particularly in the lungs, heart 
and kidney and splenomegalia are the most 
consistent pathological findings in 
RHD.2,10,11,16,23,28,32  
 
In 2010, a new lagovirus was identified in 
France, spreading throughout Europe within 
a couple of years now reaching Aus-
tralia.17,18,26,27,31 This new virus showed a 
capsid protein sequence identity of about 80 
per cent with RHDV and was able to cause 
RHD, also in vaccinated animals.17 Therefore 
it was termed RHDV type 2 (RHDV2). As 
also shown in the presented case 
pathomorpholgical findings in rabbits 
infected by RHDV2 are consistent with those 
of RHD caused by the “classical variant” of 
RHDV.5,17 

 
In contrast to the “classical variant” of 
RHDV, RHDV2 causes not only RHD also in 
young rabbits (4 weeks old), but also a RHD-
like disease in different hare species, 
including European brown hares (Lepus 
europaeus).5,13,18,19,31,37 These special 

features of RHDV2 strongly suggest, that the 
virus did not originate from RHDV but rather 
that it had recently emerged from an 
unknown source.6  
 
While in experimental infections with the 
early detected strains of RHDV2 a mortality 
rate of only 20-30 per cent could be detected, 
experimental infections of rabbits with two 
Italian RHDV2-strains isolated in 2014 and 
2015 induced at least 80 % mortality rate.6,18 
These findings approaches the usual 
mortality rate of RHDV and is four times 
higher than that found in the early RHDV2-
isolates.6,18   
 
Nowadays, RHDV2 is the dominant virus 
causing RHD in most European countries, 
but “classical variants” of RHD still coexists 
in some areas, also in Germany.6,35 
Therefore, it is advisable to vaccinate not 
only against RHDV2 but also against the 
“original” RHDV strains.6,35 In the present 
case this advice was fulfilled by using two 
different vaccines: Nobivax Myxo-RHD® 
(owner of license: Intervet international) and 
Filavac VHD K C+V® (owner of license: 
Filavie). While the first one (live vaccine, 
antigens RHD/myxomatosis) is used to 
protect against myxomatosis and the 
“original” RHDV-strains, the second 
contains an inactive strain of RHDV and 
RHDV2, and is therefore used for the 
immunization of rabbits against “original” 

 
Figure 2-4. Liver, rabbit. Portal areas are infiltrated by 
moderate numbers of lymphocytes and plasma cells.  
Remaining hepatocytes often contain intracytoplasmic 
lipofuscin granules. (HE, 600X) 
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RHDV-strains as well as the new RHDV2-
variant.35 Nevertheless the presented animal 
died following RHDV2-infection. There are 
no datas given, nor regarding the state of 
health within the new animal group the rabbit 
was placed in, nor regarding the cause of 
death of the partner-animal. A complete 
immunization by Filavac VHD K C+V® is 
accomplished not until seven days after 
vaccination.35 Therefore, there are two 
possible sources of RHDV2 thinkable in the 
present case: First, the dead partner-animal 
and second an infected animal within the new 
group. In this context it has to be considered, 
that the histomorphological findings 
(proliferation of the connective tissue, 
fibroplasia, early proliferation of bile ducts, 
mononuclear infiltration of the portal tracts) 
are in line with a subacute process. Due to 
these findings, it can be assumed that the 
RHDV2-infection already occurred before 
vaccination. Therefore, the peracute death of 
the partner-animal two days before 
vaccination can, in all probability, be 
assigned to a peracute form of RHD and can 
be considered as the source of RHDV2 in the 
present case. Most rabbits survive subacute 
forms of RHD and develop antibodies.23,29 In 
the present case it is thinkable, that 
vaccination of an already infected animal 
worsened the course of disease. 
 
Contributing Institution:  
Institute of Pathology, Faculty of Veterinary 
Medicine, University of Leipzig; An den 
Tierkliniken 33, 04103 Leipzig, Germany; 
patho.vetmed.uni-leipzig.de 
 
JPC Diagnosis:  
Liver:  Hepatitis, necrotizing, acute, multi-
focal, random, moderate, with hepatocellular 
vacuolar change. 

JPC Comment:  
The contributor provides an outstanding and 
thorough review of the emergence, clinical 

signs, pathogenesis, and host factors 
associated with both classical RHDV and 
RHDV2, two significant causes of mortality 
in lagomorphs. Since the submission of this 
case to the WSC in 2019, RHDV2 has been 
reported in North America, with outbreaks 
occurring in both Canada and the western 
United States.3,38  
 
An outbreak of RHDV2 in the southwestern 
United States was first detected in New 
Mexico during March 2020.  Positive cases 
were later identified in Texas, Colorado, 
Arizona, Utah, Nevada, and southwestern 
California by August 2020.  Affected species 
predominantly included wild lagomorphs 
such as the black-tailed jackrabbit (Lepus 
californicus) and desert cottontail rabbit 
(Sylvilagus audubonii).  In addition, RHDV2 
was isolated from a domestic rabbit on July 
10th, 2020, indicating spillover into the 
domestic rabbit population.  In response, the 
California Department of Food and Agri-
culture banned the entrance of rabbits, hares, 
and any associated products and equipment 
from any affected state within the previous 12 
months.  In addition having a negative 
economic impact, this disease also poses a 
significant threat to the endangered riparian 
brush rabbit (Sylvilagus bachmani riparius).1 

 
An additional RHDV2 outbreak in the United 
States was identified along the northwestern 
coast of Washington State in July 2019, with 
affected regions including Orcas Island, San 
Juan Island, Whidbey Island, and Clallam 
County located on the Washington State 
mainland. This outbreak likely extended 
from a 2018 RHDV2 outbreak along the 
coastal region of British Columbia, Canada.  
Affected rabbits included a 2-year-old, 4-H 
pet, Norwegian dwarf buck, feral domestic 
rabbits, and 108 of 145 rabbits at rescue 
organization.  Samples of liver and spleen (14 
total) were submitted to the USDA-APHIS 
Foreign Animal Disease Laboratory 
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(FADDL; Plum Island, NY, USA) from the 
Washington Animal Disease Diagnostic 
Laboratory (WADDL) for antigen ELISA 
and reverse transcriptase PCR (RT-PCR), 
confirming RHDV2 in all submitted samples.  
Although histologic lesions of rabbits 
affected in this outbreak were similar to those 
described in European outbreaks of RHDV2, 
there were notable differences regarding 
gross and histologic findings.  Icterus has 
been historically described to be a prominent 
feature of this entity, which was absent in all 
cases submitted to the WADDL.  
Histologically, hepatic lesions in the 
WADDL cases were randomly distributed, 
with all lobular zones affected, which 
contrasts with the clear periportal 
hepatocellular necrosis described in 
European cases.  The underlying cause of this 
alternative pattern of distribution is unknown 
but may be due to differences in cellular 
tropism, pathogenesis, host factors, or other 
variables. Therefore, RHDV2 should be 
considered as a differential in cases of 
unexpected lagomorph death, including those 
cases lacking periportal hepatocellular 
necrosis.38   
 
There was spirited discussion amongst 
participants in regard to the distribution of 
hepatic lesions in this case.  A significant 
minority favored a periportal to midzonal 
distribution, as typically associated with this 
entity.  However, random hepatocellular 
necrosis has also been reported with this 
entity, as previously discussed with reference 
to the 2019 outbreak of RHDV2 in 
Washington State.  In addition, conference 
participants noted periportal lymphocytic and 
heterophilic inflammation, which is not a 
typical finding associated with rabbit 
hemorrhagic disease.  The cause of this 
inflammation is unclear, though participants 
suggested Eimeria stiedae, a common 
apicomplexan parasite of rabbit biliary 
epithelium, as a differential.  However, other 

features of this entity, such as biliary 
hyperplasia and the presence of 
apicomplexan gametocytes, schizonts, and 
oocysts were not observed. 
 
References:  
1. Abrantes J, van der Loo W, Le Pendu J, 

Esteves PJ. Rabbit haemorrhagic disease 
(RHD) and rabbit haemorrhagic disease 
virus (RHDV): a review. Vet Res. 
2012;43:12. 

2. Alonso C, Oviedo JM, Martίn-Alonso 
JM, Dίaz E, Boga JA, Parra 
F. Programmed cell death in the 
pathogenesis of rabbit hemorrhagic 
disease. Arch Virol. 1998;143:321-332.  

3. Asgari S, Hardy JR, Sinclair RG, Cooke 
BD. Field evidence for mechanical 
transmission of rabbit haemorrhagic 
disease virus (RHDV) by flies (Diptera: 
Calliphoridae) among wild rabbits in 
Australia. Virus Res. 1998;54:123-132. 

4. Asin J, Nyaoke AC, Moore JD, et al. 
Outbreak of rabbit hemorrhagic disease 
virus 2 in the southwestern United States: 
first detections in southern California. J 
Vet Diagn Invest. 2021;33(4):728-731. 

5. Camarda A, Pugliese N, Cavadini P, et al. 
Detection of the new emerging rabbit 
haemorrhagic disease type 2 virus 
(RHDV2) in Sicily from rabbit 
(Oryctolagus cuniculus) and Italian hare 
(Lepus corsicanus). Res Vet Sci. 
2014;97:642–645. 

6. Capucci L, Cavadini P, Schiavitto M, 
Lombardi G, Lavazza A. Increased 
pathogenicity in rabbit haemorrhagic 
disease virus type 2 (RHDV2). Vet Rec. 
2017; doi: 10.1136/vr.104132 

7. Cooke BD. Rabbit haemorrhagic disease: 
field epidemiology and the management 
of wild rabbit populations. Rev Sci Tech. 
2002;21:347-358. 

8. Ferreira PG, Costa-E-Silva A, Oliveira 
MJR, Monteiro E, Aguas AP. Leukocyte-
Hepatocyte interaction in calicivirus 



12 
 

infection: Differences between rabbits 
that are resistant or susceptible to rabbit 
haemorrhagic disease (RHD). Vet 
Immunol Immunopath. 2005;103:217-
221. 

9. Frölich K, Klima F, Dedek J. Antibodies 
against rabbit hemorrhagic disease virus 
in free-ranging red foxes from Germany. 
J Wildl Dis. 1998;34:436-442. 

10. Fuchs A, Weissenbock H. Comparative 
histopathological study of rabbit 
haemorrhagic disease (RHD) and 
European brown hare syndrome. J Comp 
Path. 1992;107:103-113. 

11. Gelmetti D, Grieco V, Rossi C, Capucci 
L, Lavazza A. Detection of rabbit 
haemorrhagic disease virus (RHDV) by 
in situ hybridisation with a digoxigenin 
labelled RNA probe. J Virol Methods. 
1998;72:219-226. 

12. Green KY, Ando T, Balayan MS, et al. 
Taxonomy of the Caliciviruses. J infect 
Disease. 2000;181(Suppl 2):322-330. 

13. Hall RN, Peacock DE, Kovaliski J, et al. 
Detection of RHDV2 in European brown 
hares (Lepus europaeus) in Australia. Vet 
Rec. 2017;180:121 

14. Henning J, Meers J, Davies PR, Morris 
RS. Survival of rabbit haemorrhagic 
disease virus (RHDV) in the 
environment. Epidemiol Infect. 
2005;133:719-730. 

15. Jung JY, Lee BJ, Tai JH, Park JH, Lee 
YS. Apoptosis in rabbit haemorrhagic 
disease. J Comp Pathol. 2000;123:135-
140. 

16. Kimura T, Mitsui I, Okada Y, et al. 
Distribution of rabbit haemorrhagic 
disease virus RNA in experimentally 
infected rabbits. J Comp Pathol. 
2001;124:134-141. 

17. Le Gall-Reculé G, Zwingelstein F, 
Boucher S, et al. Detection of a new 
variant of rabbit haemorrhagic disease 
virus in France. Vet Rec. 2011;168:137–
138. 

18. Le Gall-Reculé G, Lavazza A, 
Marchandeu S, et al. Emergence of a new 
lagovirus related to Rabbit Haemorrhagic 
Disease Virus. Vet Res. 2013;44:81–94. 

19. Le Gall-Reculé G, Evelyne Lemaitre E, 
Bertagnoli S, et al. Large-scale lagovirus 
disease outbreaks in European brown 
hares (Lepus europaeus) in France caused 
by RHDV2 strains spatially shared with 
rabbits (Oryctolagus cuniculus). Vet Res. 
2017;48:70 doi:10.1186/s13567-017-
0473-y 

20. Marcato PS, Benazzi C, Vecchi G, et al. 
Clinical and pathological features of viral 
haemorrhagic disease of rabbits and the 
European brown hare syndrome. Rev Sci 
Tech. 1991;10:371-392. 

21. McColl KA, Morrissy CJ, Collins BJ, 
Westbury HA. Persistence of rabbit 
haemorrhagic disease virus in 
decomposing rabbit carcases. Aust Vet J. 
2002;80:298-299. 

22. Meyers G, Wirblich C, Thiel HJ. Rabbit 
hemorrhagic disease virus–molecular 
cloning and nucleotide sequencing of a 
calicivirus genome. Virology 
1991;184:664-676. 

23. Mitro S, Krauss H. Rabbit hemorrhagic 
disease: a review with special reference 
to its epizootiology. Eur J Epidemiol. 
1993;9:70-78. 

24. Morisse JP, Le Gall G, Boilletot E. 
Hepatitis of viral origin in Leporidae: 
Introduction and aetiobogical 
hypotheses. Rev sci tech Off int Epiz. 
1991;10:283-295. 

25. Moussa A, Chasey D, Lavazza A, et 
al. Haemorrhagic disease of lagomorphs: 
evidence for a calicivirus. Vet Microbiol. 
1992;33:375-381. 

26. Mutze G, De Preu N, Mooney T, et al. 
Substantial numerical decline in South 
Australian rabbit populations following 
the detection of rabbit haemorrhagic 
disease virus 2. Vet Rec. 2018;182:574; 
doi:10.1136/vr.104734  



13 
 

27. Neimanis AS, Ahola H, Zohari S, et al. 
Arrival of rabbit haemorrhagic disease 
virus 2 to northern Europe: Emergence 
and outbreaks in wild and domestic 
rabbits (Oryctolagus cuniculus) in 
Sweden. Transbound Emerg Dis. 
2018;65:213–220. 

28. Ohlinger VF, Haas B, Meyers G, Weiland 
F, Thiel HJ. Identification and 
characterization of the virus causing 
rabbit hemorrhagic disease. J Virol. 
1990;64:3331-3336. 

29. Parra F, Prieto M. Purification and 
characterization of a calicivirus as the 
causative agent of a lethal hemorrhagic 
disease in rabbits. J Virol. 1990;64:4013-
4015. 

30. Prieto JM, Fernandez F, Alvarez V, et 
al. Immunohistochemical localisation of 
rabbit haemorrhagic disease virus vp-60 
antigen in early infection of young and 
adult rabbits. Res Vet Sci. 2000;68:181-
187. 

31. Puggioni G., Cavadini P, Maestrale C. 
The new French 2010 Rabbit 
Hemorrhagic Disease Virus causes an 
RHD-like disease in the Sardinian Cape 
hare (Lepus capensis mediterraneus). Vet 
Res. 2013;44:96–103. 

32. Ramiro-Ibáñez F, Martín-Alonso JM, 
García Palencia P, Parra F, Alonso C: 
Macrophage tropism of rabbit 
hemorrhagic disease virus is associated 
with vascular pathology. Virus Res. 
1999;60:21-28.  

33. Rodak L, Smid B, Valicek L, et al. 
Enzymelinked immunosorbent assay of 
antibodies to rabbit haemorrhagic disease 
virus and determination of its major 
structural proteins. J Gen Virol. 
1990;71:1075-1080. 

34. Shien JH, Shieh HK, Lee LH. 
Experimental infections of rabbits with 
rabbit haemorrhagic disease virus 
monitored by polymerase chain reaction. 
Res Vet Sci. 2000;68:255-259. 

35. Ständige Impfkommission 
Veterinärmedizin (StIKo Vet) am 
Friedrich-Loeffler-Institut 
Bundesforschungsinstitut für 
Tiergesundheit, Arbeitskreis kleine 
Haustiere (Hartmann K, Kohn B, Moritz 
A et al.). Hinweis auf neue RHDV-2-
Impfstoffe. Greifswald-Insel Riems, CA: 
StiKoVet; 2017 

36. Valiček L, Smid B, Rodak L, Kudrna J. 
Electron and immunoelectron 
microscopy of rabbit haemorrhagic 
disease virus (RHDV). Arch Virol. 
1990;112:271-275. 

37. Velarde R, Cavadini P, Neimanis A. 
Spillover events of infection of brown 
hares (Lepus europaeus) with rabbit 
haemorrhagic disease typ 2 virus 
(RHDV2) caused sporadic cases of 
european brown hare syndrome-like 
disease in Italy and Spain. Transbound 
Emerg Dis. 2017;64:1750-1761.  

38. Williams LBA, Edmonds SE, Kerr SR, 
Broughton-Neiswanger LE, Snekvik KR. 
Clinical and pathologic findings in an 
outbreak in rabbits of natural infection by 
rabbit hemorrhagic disease virus 2 in the 
northwestern United States. J Vet Diagn 
Invest. 2021;33(4):732-735. 

39. Xu ZJ, Chen WX. Viral haemorrhagic 
disease in rabbits: a review. Vet Res 
Commun. 1989;13:205-212. 

 
CASE III: EX57_19 (JPC 4152810)   
 
Signalment:  
2-years-old, male, inland bearded dragon 
(Pogona vitticeps) 
 
History:  
The bearded dragon was referred with a 
history of anorexia and jaundice. The reptile 
died spontaneously before therapy and a 
complete necropsy was performed by the 
referring veterinarian. The entire liver was 
submitted for histopathology. 
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Gross Pathology: 
The liver was severely enlarged (9x5.5x2 cm) 
and characterized by diffuse yellowish 
discoloration and by multifocal to coalescing, 
white-yellowish nodules bulging from the 
surface and ranging from 0.5 up to 2 cm in 
diameter. 
 
Laboratory Results: 
None provided.  
 
Microscopic Description: 
Approximately 70% of the hepatic 
parenchyma is substituted by multiple 
nodules ranging from 350 µm to 10 mm in 
diameter and composed of a multifocal to 
coalescing, variably demarcated, unencap-
sulated, densely cellular neoplasms with 
expansile to infiltrative growth patterns. 
Neoplastic nodules consist of cells arranged 
in palisades, nests, rosettes, and pseudo-
rosettes, supported by a fine fibrovascular 
stroma. Neoplastic cells are polygonal, 15-20 
microns in diameter, with variably distinct 
margins and high nuclear-cytoplasmic ratio. 
Cytoplasm is scant, finely granular, and 
weakly eosinophilic. The nucleus is 
paracentral, oval to round, 10-15 microns, 
with granular to marginated chromatin, and 
1-2 basophilic, paracentral, 2-3 microns 
prominent nucleoli. Anisocytosis and 
anisokaryosis are moderate. Mitotic figures 
range from 0 to 3/HPF and are often atypical. 
Numerous apoptotic cells and occasional bi- 
and tri-nucleated cells are also present. The 
center of some of the nodules is diffusely 
necrotic with variable amount of fibrin. Some 
neoplastic cells impinge and infiltrate 
vascular walls producing endoluminal 
projections. Scattered in the lumen of liver 
sinusoids, neoplastic emboli are also 
detectable. Viable hepatocytes bordering 
neoplastic nodules are atrophic, in 
association with rows of hepatocytes 
characterized by lipidosis. Mild to moderate, 

diffuse hyperplasia and hypertrophy of the 
melanomacrophage centers is evident in 
normal hepatic parenchyma. 
 
Contributor’s Morphologic Diagnoses:  
Liver. Neuroendocrine carcinoma. 

Contributor’s Comment:  
Neuroendocrine carcinomas (“carcinoids”) 
are rare neoplasms arising from neuro-
endocrine cells residing in several organs but 
most commonly develop in the gastro-
intestinal and respiratory tracts.6 Neuro-
endocrine carcinomas have been reported in 
dogs and cats,5 as well as occasionally in 
cattle4,10 and horses.9,13  
 
Captive reptiles have an incidence of 
neoplasia comparable to that of mammals 
and birds.3 Snakes are the most commonly 
reported class, followed by lizards, 
chelonians, and crocodilians.3 In lizards, 
hematopoietic, cutaneous, and hepatic 
systems are the most frequently affected by 
neoplasia, with bearded dragons (Pogona 
vitticeps) and green iguanas (Iguana iguana) 
being over-represented in recent years, likely 
based on their increasing popularity as pets.3 
Lymphoma, squamous cell carcinoma, and 
peripheral nerve sheath tumors are among the 
most common neoplasms described  in 
bearded dragons.3,16  Few cases of gastric 
neuroendocrine carcinomas have been 
described in young animals of this 
species.1,7,8,14,16 

 
Figure 3-1. Liver, bearded dragon. Approximately 70% 
of multiple sections of liver is replaced by a densely 
cellular, multinodular neoplasm. (HE, 5X) 
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In this case the liver was the only tissue 
submitted. Neuroendocrine carcinomas 
primary developing in the liver are rare.17 The 
angiocentric organization of neoplastic 
nodules observed in the current case suggests 
a metastatic nature of the neoplasm. Indeed, 
liver is a common site of metastasis of gastric 
neuroendocrine carcinomas in bearded 
dragons.1,7,8,14,16 Other common sites for 
metastasis are the kidneys, followed by other 
organs like pancreas, intestine, heart, oviduct, 
ovary, lungs, adrenal gland, and spleen.1,16 

 
Clinical sings commonly associated with 
neuroendocrine carcinomas in bearded 
dragons include anorexia, weight loss, 
weakness, and vomiting, occasionally com-
bining with clinicopathological abnorm-
alities like anemia and hyperglycemia.1,7,14,16 

 
Neuroendocrine carcinomas are easily 
recognized by the typical histological pattern 
of palisading nests, solid masses, or 
anastomosing ribbons of cells separated by a 
thin fibrovascular stroma, with occasional 
formation of rosettes or acinar-like structures 
containing eosinophilic material.11 In 
humans, neuroendocrine neoplasms have 
been historically classified using a range of 
site-specific terminologies and criteria, with 
consequent confusion among pathologists.15 

In order to reduce inconsistencies and 
contradictions in the classification scheme, 
the WHO recently introduced the distinction 
between differentiated neuroendocrine 
tumors (NETs) and poorly differentiated 
neuroendocrine carcinomas (NECs), 
supported by genetic evidence at specific 
anatomic sites as well as clinical, 
epidemiologic, histologic, and prognostic 
differences.15 However, too few cases have 
been observed to date in domestic animals to 
determine the most appropriate prognostic 
and other features for these neoplasms.11  
 
Further subclassification of neuroendocrine 
tumors can be based on hormone production 
by neoplastic cells and the presence or 
absence of a clinical syndrome related to 
hormone secretion.16 Indeed, these 
neoplasms may be non-functional, secrete a 
single product, or exhibit multihormonal 
expression.16 In domestic animals, functional 
neuroendocrine carcinomas have been 
reported in the intestinal tract of dogs.11 
Immunohistochemistry provides the gold 
standard for confirmation of neuroendocrine 
origin and for functional subclassification 
based on detectable secretory products.16 
Markers to determine neuroendocrine 
differentiation include antibodies against 
secretory granule proteins (i.e. chromo-
granins A and B), synaptic vesicle proteins 
(i.e. synaptophysin), and enzymes (i.e. 
neuron-specific enolase) specific for 
neuroendocrine cells.16 However, staining for 
these generic markers has been rarely 
reported in  bearded dragon carcinoids with 
the exclusion of somatostatin that is the most 
frequent marker utilized and observed in 
these tumors.1,7,8,16 This has led to the final 
diagnosis of somatostatinoma for all 
carcinoids reported in bearded dragons, this 
observation being consistent with the 
hyperglycemia occasionally observed and 
resembling what reported in human 
somatosostatinomas.14 

 
Figure 3-2. Liver, bearded dragon. Neoplastic cells 
expanded sinusoids (right) and form large nodules 
(left), where they are arranged in cords and trabeculae 
and often palisade along the stroma. Remaining 
hepatocytes are often expanded by large discrete lipid 
vacuoles. (HE, 328X) 
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Furthermore, the primary gastrointestinal 
location of the somatostatinomas in bearded 
dragons is reminiscent of those associated 
with neurofibromatosis type 1 (NF-1, also 
called Von Recklinghausen’s disease) in 
humans.7,16 Indeed, neuroendocrine carcin-
omas associated with NF-1 show decreased 
expression of neurofibromin. This feature 
was also observed by Ritter et al. (2009)16 in 
all the bearded dragon carcinoids examined 
by immunohistochemistry, possibly suggest-
ing that a decrease in functional 
neurofibromin protein may be involved in the 
pathogenesis of neuroendocrine carcinomas, 
and specifically somatostatinomas, in this 
species. 
 
Contributing Institution:  
https://www.dimevet.unimi.it/ 
 
JPC Diagnosis:  
1. Liver:  Neuroendocrine carcinoma. 
2. Liver, hepatocytes:  Lipidosis, diffuse, 
marked.  
 
JPC Comment:  
The contributor provides an excellent review 
neuroendocrine tumors in domestic and 
exotic species, a broad subset of neoplasms 
that arise from cells within the diffuse 
endocrine system found throughout the body, 
predominantly in the gastrointestinal and 
respiratory tracts.12 
 
Although the neuroendocrine tumor in this 
case likely occurred as the result metastatic 
disease, primary neuroendocrine tumors may 
also arise in the liver and biliary tree.  
Previously referred to as “carcinoids”, these 
neoplasms are believed to originate from the 
diffuse neuroendocrine cell population 
within the biliary epithelium or from hepatic 
progenitor cells, also known as oval cells.12   
 
One retrospective study12 of 13 cases of 
primary canine gallbladder neuroendocrine 

carcinoma found Boston terriers to be 
overrepresented, suggesting a possible breed 
predilection.  Common findings amongst the 
cohort were emesis, often in conjunction with 
hematemesis, and elevated liver enzymes 
with 100% demonstrating elevated alanine 
aminotransferase and alkaline phosphatase 
activity.  Histologically, all 13 cases shared 
similar features as previous described by the 
contributor, in addition to positive immuno-
reactivity for neuron specific enolase, 
chromogranin A, synaptophysin, and gastrin. 
Greater than 50% of neoplastic cells in every 
case demonstrated immunoreactivity for 
synaptophysin, with similar results for 
gastrin (12/13 cases); 25-50% of neoplastic 
cells were immunopositive in the one 
outlying case. Chromogranin immuno-
reactivity was reported in each case, ranging 
from <25% immunoreactivity to >50%.  As 
with primary neuroendocrine tumors arising 
in other locations, vascular invasion and 
metastasis were common, identified in 61.5% 
and 43% of the cases, respectively.12    
 
The correlation between emesis and 
hematemesis in addition to 100% of canine 
gallbladder neuroendocrine carcinomas 
demonstrating strong immunopositivity for 
gastrin was strongly suggestive of a 
paraneoplastic syndrome, variants of which 
are further discussed below.  Interestingly, 
gastrin secretion by gallbladder neuro-
endocrine carcinomas is associated with a 
better prognosis in humans (MST 3.7 years) 
compared to hepatic neuroendocrine 
carcinomas (MST 3 days).  This disparity is 
likely multifactorial, however, early tumor 
identification as a result patients seeking 
treatment for paraneoplastic syndrome 
associated symptoms is likely a significant 
contributing factor.12  
 

about:blank
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A historical review of neuroendocrine tumors 
begins in 1870 with German physiologist 
Rudolf Heidenhain being the first note a 
group of gastrointestinal cells with “yellow” 
chromate staining properties that were 
distinctly different from chief, parietal, and 
enteric cells.  Nikolai K. Kultschitzky, a 
Russian anatomist and histologist who later 
become the education minister of the Russian 
empire, further increased awareness of these 
cells 1897, for which they became known as 
“Kultschitzky’s cells”. The term 
“enterochromaffin” was introduced by 
Carmelo Ciaccio in 1907 and Harry Kull 
noted these cells demonstrated a similar 
morphology to chromaffin cells in 1925.  In 
1914, Antonin Gosset and Pierre Masson, a 
French surgeon and French-Canadian 
pathologist, respectively, used silver 
impregnation techniques to demonstrate the 
argentaffinity (i.e. argyrophilia) of carcinoid 
tumors and suggested they may arise from 
enterochromaffin cells.2   
 
The term “carcinoid” was introduced by 
Siegfried Oberndorfer, a German pathologist, 
in 1907 in a report describing four pea-sized, 
seemingly benign “Karzinoide Tumoren” in 
the ileum of a woman that died from 
tuberculosis.  Notably, German pathologists 
Theodor Langhans and Otto Lubarsch likely 
described similar lesions but did not 
recognize them as distinct entities decades 
earlier in 1867 and 1888, respectively.  Two 
decades after “discovering” carcinoids, 
Oberndorfer reversed his earlier opinion of 
these lesions being benign, reporting 
evidence of metastasis as an indication of 
malignancy.  However, the significance of 
this finding faded over time, largely due to 
Oberndorfer’s departure from Germany as a 
result of his ethnic background prior to World 
War II.  Although his research continued at 
the University of Istanbul in Turkey, his 
publications were printed in Turkish and 
failed to gain significant attention in the 

scientific community. As a result, 
misconceptions of the malignant behavior of 
carcinoids remained for several decades. In 
1995, Italian pathologist Carlo Capella and 
other neuroendocrine tumor experts revised 
the classification scheme of neuroendocrine 
tumors and suggested the term “carcinoid 
tumor” no longer be applied and instead use 
the term “neuroendocrine tumor”.2 

 
Functional neuroendocrine tumors are 
commonly associated with paraneoplastic 
syndromes and include entities such as 
gastrinoma, insulinoma, glucagonoma, 
cholecystokininoma, and somatostatinoma.2   
 
In 1955, US Surgeons Robert Zollinger and 
Edwin Elson described two cases of severe 
peptic ulcers that were associated with 
pancreatic neuroendocrine tumors. Three 
years later, gastrin was extracted from a 
pancreatic neuroendocrine tumor.  Zollinger-
Ellison syndrome has since been linked to 
gastrinomas.2   
 
Cholecystokinin (CCK) is normally 
produced by specialized I cells in the 
gastrointestinal tract.  Cholecystokininoma 
syndrome is characterized by nonwatery 
diarrhea, severe weight loss gall bladder, and 
peptic ulcers.  Interestingly, peptic ulcers 
associated with cholecystokinomas occur due 
to CCK being a full agonist for the 
gastrin/CCK-B receptor. Therefore plasma 

 
Figure 3-3. Liver, bearded dragon. There are extensive 
areas of necrosis and hemorrhage within larger 
nodules of the neoplasm. (HE, 52XX) 
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gastrin concentrations can be used to 
differentiate between gastrin and CCK 
secreting pancreatic tumors associated with 
peptic ulcers, which should not be elevated in 
cases of cholecystokininomas.2 

 
US surgeon Allen Whipple and pathologist 
Kneeland Frantz identified key features of 
insulinomas (also known as ‘Whipple’s 
triad’) to be 1) symptoms known or likely to 
be caused by hypoglycemia, 2) hypo-
glycemia measured at the time of symptoms, 
and 3) relief of symptoms upon return to 
normoglycemia.2   
 
Glucagonomas typically arise in the pancreas 
and are associated with hyperglycemia.2 

 
Somatostatinomas most commonly arise 
from the pancreas or the proximal duodenum 
in the periampullary region and are 
associated with diabetes mellitus, 
cholithiasis, weight loss, steatorrhea, and 
diarrhea.2 
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CASE IV: 18042E (JPC 4136503)   
 
Signalment:  
4-year-old male, red-bellied short-necked 
turtle (Emydura subglobosa) 
 
History:  
The turtle was housed with 9 other turtles, in 
an appropriately sized tank. The animal 
presented to the rDVM with a history of 
progressive ascites and edema. A treatment 
of ceftazidime was initiated after thoracic 
radiographs were suspicious for pneumonia. 
The animal improved briefly, but then 
clinical signs recurred. At the submitting 
institution’s exotic clinic, examination 
revealed ecchymoses, edema, ascites, and 

loss of keratin/epidermis on plastron. Due to 
poor prognosis, the owner elected euthanasia.  
 
Gross Pathology: 
The turtle was in extremely poor nutritional 
status (no fat stores appreciable within the 
carcass). The plastron was devoid of 
epithelium, and there was a focal 0.5 cm by 
0.5 cm indentation in the left cranial portion 
of the plastron. The carapace had multifocal 
to coalescing ulcerations. Upon opening the 
carcass, bright yellow fluid spilled out, and 
when the plastron was removed, there was 
clear fluid within the coelomic cavity. All 
tissues were very pale and contained little 
blood (anemia). All muscles within the 
coelom had a thick layer of yellow firm pitted 
tissue (possible fibrin or myonecrosis). The 
neck muscles had a sharply demarcated line 
between the yellow outer material covering 
(or replacing the muscle) caudally under-
neath the carapace and more normal 
appearing muscle (albeit pale) cranially. The 
subcutaneous tissues and eyelids were 
edematous and there was approximately 75 
mL of free fluid within the coelom and 
approximately 10 mL within the pericardial 
sac. There were multiple white nodules 
located in the joints of at least one digit from 
each limb. The nodules contained thick white 
material (possible gout). When the 
metacarpals of the front right limb were cut, 
tan material oozed out. The lungs looked 
unremarkable grossly. The kidneys were not 
readily apparent. 
 
Laboratory Results:  
Abnormal bloodwork included inclusion 
bodies of unknown origin in red blood cells, 
hypoglycemia, PCV 10% and Total Solid too 
low to read.  
 
Microscopic Description: 
Joint with surrounding muscle/tissue (foot). 
The joint space has marked accumulation of 
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amorphous fine, globular to dense deposits of 
mineralized material. Mineralization extends 
over joint surfaces and cartilage is eosino-
philic with small numbers of lacunae 
containing cellular debris. Surrounding 
capsule has loss of epithelium with marked 
mineralization and occasional small numbers 
of granulocytes, lymphocytes and macro-
phages; latter are occasionally multinu-
cleated. The adjacent skeletal muscle has 
widespread atrophy, degeneration with 
internalization of nuclei, loss of striations, 
increased eosinophilia, hypercontraction 
bands to fragmentation of cytoplasm and 
often blue stippled to dense deposits of 
mineral. Myocytes in affected areas are often 
ringed by a dense band of mineralized 
material with partial to complete loss of 
cytoplasm. In atrophic areas myocytes are 
separated by a very loose arrangement of 
fibrocytes and collagen.  
 
In some slides, subcutaneous tissue has 
separation of fibrocytes and collagen; the 
latter has multifocal areas of light to dense 

mineralization. Vessels, when present, have 
occasional mineralized thin band within inner 
layer and multifocal deposits in arterial 
tunica muscularis.  
 
Other tissues (not included) with similar, but 
less striking lesions: cornea (eye), kidney, 
mesentery and skin. 
 
Contributor’s Morphologic Diagnoses:  
Severe, systemic mineralization with 
myonecrosis and pseudogout. (Hydrox-
yapatite deposition disease – HADD) 

Contributor’s Comment: 
Mineralization is the term used to describe 
deposition of insoluble, inorganic minerals, 
and is often categorized as either dystrophic, 
metastatic, idiopathic or iatrogenic.4 The 
nature of the mineral involved, in most 
species, is usually calcium paired with 
phosphate or carbonate.4 However, when 
deposition of crystalline material is seen in a 
reptile’s joint(s), one must be careful to 
differentiate the nature of the mineralization, 

 
Figure 4-1. Leg, turtle. A transverse section including the joints are submitted for examination.  At subgross magnification, there 
are extensive lakes of crystalline mineral which effaces large areas of smooth muscle. (HE, 5X) 
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to accurately diagnose as either gout (urate 
crystals) or ‘pseudogout’ (other, including 
calcium), considering that in these species; 
gout can manifest as solely articular, separate 
from visceral or renal involvement. Pre-
mortem assessment can include cytologic 
preparation, where once stained and observed 
under polarized light, the crystals will appear  
as strongly birefringent and needle-like, or 
radiography, since uric acid deposits are 
radiolucent and could be differentiated from 
other mineral-based deposits.3 However, 
caution must be exercised, since crystals can 
dissolve during staining and chronic gout 
lesions may mineralize3, giving false 
negatives resulting in challenging 
interpretation. 
 
The contributor believes this periarticular 
mineralization to be pseudogout, also known 
in the literature as false gout, tumoral 
calcinosis, calcinosis circumscripta, and 
hydroxyapatite deposition disease (HADD). 
In other species, similar lesions may be 

calcium pyrophosphate deposits. Termin-
ology, when referring to these deposition 
conditions, have been inconsistent and makes 
literature review difficult.   
 
Animals with HADD present with non-
ulcerated, firm, multinodular swellings that 
may impede their mobility.3 When radio-
graphed, the nodules appear vibrantly 
radiopaque.3 Recommendations are often 
directed at husbandry and diet to slow 
progression of lesions, as regression has not 
been reported. On transection, the nodules 
are sharply demarcated, filled with white to 
yellow, pasty to chalky substance within 
periarticular tissues.3 

  
Histology shows affected tissues expanded 
by multiple irregular, nodular aggregates of 
granular to amorphous, basophilic or 
eosinophilic non-birefringent material.3 
Adjacent to mineral deposits, there is fibrous 
tissue and variable numbers of inflammatory 

 
Figure 4-2. Leg, turtle. There is progressive fibrosis and mineralization of skeletal muscle bundles. A honeycomb pattern of endomysial 
fibrosis and mineralization surrounds atrophic myocytes (right), and an older lesion at left is reduced to a large lake of crystalline 
mineral. (HE, 105X) 
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cells, predominantly epithelioid macro-
phages and multinucleated giant cells.3  
 
The exact cause of HADD, or articular 
tumoral calcinosis in reptiles, has not been 
elucidated. In other species, similar lesions 
have been linked to trauma, renal failure, 
hyperparathyroidism, hypervitaminosis D, 
and other tissue or bone conditions (e.g., 
infection or neoplasia); however, evidence of 
any of the previously mentioned underlying 
conditions have not been linked to any 
reports published so far.3  
 
Previous articles describing HADD were 
almost exclusively covering juveniles, and 
the majority of cases were in turtles. The 
literature reports HADD in 10 red-bellied 
short-necked turtles1, painted turtles2 and a 
red-eared slider3. There was also a report in a 
Uromastyx sp. lizard.1 Between 2017 and 
2019, the submitting institution has had 4 
cases of periarticular mineralization: the 
current case and 3 red-eared s 
liders, ages 25, 27 and another adult (exact 
age unknown).   
 
The severity and extensive mineralization in 
multiple tissues seen in the present case was 
not reported in literature, and may indicate a 
systemic involvement, such as renal failure or 
calcium/phosphorus imbalance, and could 
not be ruled out due to constraints in testing 
pre-mortem. 
 
Contributing Institution:  
Veterinary Pathology – Western College of 
Veterinary Medicine (https://wcvm.usask.ca 
/departments/vet-pathology.php) 
 
JPC Diagnosis:  
1. Leg, skeletal muscle:  Fibrosis and 

dystrophic calcification, multifocal to 
coalescing, severe, with myofiber 
atrophy and loss. 
 

2. Bone marrow, adipose tissue:  Atrophy, 
diffuse, moderate to severe. 

 
JPC Comment:  
The contributor provides an excellent review 
of hydroxyapatite deposition disease 
(HADD) in reptiles. Although HADD has 
predominantly been described in aquatic 
turtles, it has also rarely been reported in 
lizards and should be considered as 
differential diagnosis for reptiles presenting 
with gout-like lesions.   
 
Various molecular forms of calcium salts 
may be deposited in tissues. Analysis of 
crystals forming periarticular deposits in 
cases of HADD are often composed of 
hydroxyapatite (Ca10(PO4)2H2O), the 
primary mineral component of bone. Other 
species, such as humans, NHPs, and canines1, 
and avians6 are affected by similar 
periarticular calcium deposits. However, in 
these species, the calcium salt is often 
composed of structurally dissimilar calcium 
pyrophosphate dehydrate (Ca2P2O42H2O).  
Therefore, the term “hydroxyapatite 
deposition disease” has been suggested to 
specifically apply to disease associated with 
hydroxyapatite while “pseudogout” be 
applied to disease associated with calcium 
pyrophosphate dehydrate.  Furthermore, 
human literature typically applies the term 
“tumoral calcinosis” for nodular periarticular 
deposits of hydroxyapatite whereas 
veterinary literature typically applies the term 

 
Figure 4-3. Leg, turtle. Fibrosis and mineralization 
encroach upon the joint capsule. (HE, 220X) 
 

https://wcvm.usask.ca/
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“calcinosis circumscripta” for similar 
lesions.1 

 
Although unlikely in this case, the 
pathogenesis of gout is worthy of discussion 
given the commonality of the disease 
amongst reptiles.  Gout occurs as the result of 
hyperuricemia, due to excess uric acid, and 
results in the deposition of monosodium urate 
crystals (known as tophi) in organs and soft 
tissues.  In terrestrial reptiles, uric acid is the 
main break down product of protein, purines, 
and other non-protein sources of nitrogen.   
Excess uric acid may occur as the result of 
overproduction (i.e. primary gout), such as in 
cases of excessive dietary purines from insect 
rich diets, or may accumulate in the body due 
to decreased renal excretion (i.e. secondary 
gout) in cases such as starvation, dehy-
dration, and damage to the renal tubules.  
Deposition of tophi is frequently associated 
with granulomatous inflammation and often 
results in nodular periarticular swellings 
observed in association with joints.5   
 
A useful tool for differentiating gout from 
calcium-containing minerals such as calcium 
pyrophosphate when analyzing joint fluid is 
the combined use of a polarizing filter with a 
red compensator filter. Gout crystals 
composed of monosodium urate are 
negatively birefringent, demonstrated by the 
colors yellow and blue when aligned parallel 
and perpendicular to the direction of 
polarization, respectively.5,6 Conversely, 
calcium pyrophosphate crystals in cases of 
pseudogout demonstrate positive bire-
fringence, demonstrating a blue color when 
parallel to the slow axis of the compensator 
and yellow when perpendicular.6  Histo-
logically, von Kossa and Alizarin red S stains 
are useful for identification of calcium 
containing mineral in nondecalcified 
histologic sections, such as in cases of 
HADD and pseudogout.6 However, 
confirmation of calcium deposition is not 

pathognomonic, since chronic gout lesions 
may also undergo mineralization, as 
previously noted by the contributor.  In 
regard to this case, Von Kossa stain confirms 
the presence of calcium containing mineral 
within the section, further supporting the 
diagnosis of HADD.  
 
An additional finding noted by conference 
participants is significant atrophy of adipose 
tissue within the bone marrow. Adipose 
atrophy is an indication metabolic demand 
chronically exceeding dietary intake, 
resulting in the mobilization and eventual 
depletion of fat stores.  Although reptilian 
adipose tissue is typically concentrated in 
abdominal fat bodies or the tail, the bone 
marrow is a useful location to assess the 
nutritional status of an animal at the time of 
its death. 
 
References:  
1. Burns RE, Bicknese EJ, Westropp JL, 

Shiraki R, Stalis IH. Tumoral calcinosis 
form of hydroxyapatite deposition 
disease in related red-bellied short-
necked turtles, Emydura subglosoba. Vet 
Path. 2013; 50(3): 443-450. 

2. Chambers JK, Suzuki T, Une Y. 
Tophaceous pseudogout of the 
femorotibial joint in a painted turtle 
(Chrysemys picta). J. Vet. Med. Sci. 
2009; 71(5): 693-695 

3. Graham EA, Burns RE, Ossiboff RJ. 
Depositional diseases. In: Garner MM, 
Jacobson ER, ed. Noninfectious Diseases 
and Pathology of Reptiles: Color Atlas 
and Text. Vol 2. 2nd ed. Boca Raton, FL: 
CRC Press; 2021: 109-114.  

4. Hargis AM, Myers S. The Integument. In: 
James F. Zachary’s Pathologic Basis of 
Veterinary Disease. 6th ed. St Louis, 
MO: Elsevier; 2017: 1030. 

5. Pennick KE, Holicky RA, Wilkerson MJ. 
What is your diagnosis? Joint and 
associated tissue aspirates from a 



24 
 

Bearded Dragon (Pogona vitticeps). Vet 
Clin Pathol. 2017;46(2):363-364. 

6. Terio KA, McAloose D, St. Leger J, eds. 
Pathology of Wildlife and Zoo Animals, 
Cambridge, MA Academic Press; 2018: 
699,833,877-8. 

 



WSC 2021-2022 Self-assessment 

Conference 18 

 

1. True or false.  Most cases of EEHV mortality occur in young African elephants. 

a. True 

b. False 

 

2. Which is the most common route of transmission in natural infection by rabbit calicivirus? 

a. Respiratory droplets 

b. Fecal-oral 

c. Urine 

d. Biting insects 

3. Which of the following is NOT a target of calicivirus in adult rabbits? 

a. Liver 

b. Lung 

c. Kidney 

d. Spleen 

 

4. Neuroendocrine tumors in bearded dragons are most commonly immunohistochemically 

positive for? 

a. Glucagon 

b. Norepinephrine 

c. Gastrin 

d. Somatostatin 

 

5. In most species, pseudogout is the deposition of crystalline form of which of the following? 

a. Calcium urate 

b. Calcium oxalate 

c. Calcium permanganate 

d. Calcium pyrophosphate 
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CASE I: P20-1942 (JPC 4166940) 
 
Signalment:  
A four-year-old neutered male domestic cat 
(Felis catus) 
 
History:  
Hyporexia and respiratory distress of 
approximately 5 days. A presumptive 
diagnosis of cardiac failure in emergency 
room. Bloodwork revealed azotemia and 
hyperglycemia although glucose dropped to 
normal over next 24h. After 4 days of 
supportive care, the owner selected 
euthanasia. This cat was perfectly healthy 
previous to this episode.  
 
Gross Pathology:  
The ocular and gingival mucosa were slightly 
pale. Abundant (15 mL) red tinged fluid were 
collected from the thorax. The lungs were 
diffusely mottled red and slightly firm. The 
heart weight was 22 g. The left ventricular 
wall was markedly thickened, with a very 
narrow ventricular cavity (interpreted as 
hypertrophic cardiomyopathy). No sig-
nificant findings in the rest of abdominal 
organs.  
 
Laboratory Results:  
Aerobic culture of the lung: No bacteria 
isolated after 48 hours. Feline Coronavirus 

PCR was performed with formalin fixed 
paraffin embedded tissues, which was 
negative. 
 
Swabs in PBS (nasal, tracheal, oropharyngeal 
and rectal swabs) and tissues (lung, heart) 
were submitted to the Animal Health 
Diagnostic Center at Cornell University and 
initially subjected to PCR testing or culture 
for common feline respiratory pathogens 
(Bordetella sp., Chlamydia felis, Myco-
plasma cynos, Mycoplasma felis, 
Streptococcus equi. ssp zooepidemicus, 
influenza virus, pneumovirus, feline 
calicivirus and feline herpesvirus). The nasal 
swab sample tested positive for M. felis (Ct = 
32), while no other common feline pathogen 
was detected nor isolated.  

 
Figure 1-1. Heart, lung, cat: At subgross 
magnification, there is diffuse expansion of 
alveolar septa; there are no visible lesions at 
subgross magnification in the heart. 
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The nasal, oropharyngeal, tracheal and rectal 
swabs were positive for SARS-CoV-2 when 
tested by real-time RT-PCR assay (rRT-
PCR). This result was later confirmed by 
NVSL. Immunohistochemistry and in situ 
hybridization for SARS-CoV-2 staining 
revealed strong viral labeling/staining in 
bronchial epithelial cells, bronchiolar glands, 
bronchiolar epithelium and in few 
desquamated epithelial cells/macrophages in 
alveolar spaces. 
 
Microscopic Description: 
Lung: An acute bronchointerstitial pneumo-
nia was noted. In bronchi, there was 
circumferential degeneration and necrosis of 
bronchial epithelial cells, with focal 
infiltrates of viable and degenerate 
neutrophils and macrophages. Similar 
inflammatory infiltrates were present 
surrounding bronchial glands. Necrosis of 
epithelial cells and similar inflammation was 
identified in the bronchiolar lumen, with 
some being completely occluded with 
cellular debris. In alveoli, damage was 
characterized by numerous macrophages 

with frequent phagocytosis of cellular debris, 
presence of multinucleated cells suggesting 
syncytial cells and a few neutrophils, all 
immersed in edema, multifocal hemorrhages, 
and fibrin, with the formation of rare hyaline 
membranes. There was multifocal mild 
segmental hyperplasia of type II 
pneumocytes. The alveolar septa were 
thickened with increased numbers of 
intravascular neutrophils and multiple 
segments of necrotizing capillaritis, with 
microthrombi and focal dense infiltrates of 
neutrophils and macrophages. Occasional 
arteries have transmural infiltrates of 
mononuclear cells with margination of 
neutrophils.  
 
Heart: There was multifocal to coalescing 
areas of degeneration and necrosis of 
cardiomyocytes, with cells displaying 
hypereosinophilic cytoplasm, loss of 
striations, hypercontraction bands, vacuo-
lation and or pyknotic nuclear debris. There 
was edema with the presence of small 
numbers of macrophages and neutrophils 
between myofibers In addition, there was 

 
Figure 1-2.  Lung, cat. There are diffuse and severe septal changes including areas of septal necrosis (black arrows), 
thrombosis of septal capillaries (green arrow), and thrombosis of pulmonary venules (blue arrows).  (HE, 208X) 
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mild concentric hypertrophy of the left 
ventricle. Cardiomyocytes have moderate 
variation of the cytoplasmic diameter, feature 
that was more frequent towards the periphery 
of the myocardium.  
 
Contributor’s Morphologic Diagnoses:  
1. Lung: Pneumonia, bronchointerstitial, 

neutrophilic and histiocytic, acute to 
subacute, severe, with bron-
chial/bronchiolar necrosis, vascular 
thrombi and multifocal capillaritis.  
 

2. Heart: Myocardial degeneration and 
necrosis, severe, multifocal to coalescing, 
with mild neutrophilic and histiocytic 
myocarditis.  

Contributor’s Comment: 
Human to animal transmission and natural 
infections with SARS-CoV-2 have been 
reported in domestic cats, dogs, and ferrets as 
well as in wild animals in zoological 
collections around the world including tigers, 
lions and puma.13,14,16,20,23,24,25 Most SARS-
CoV-2 infections in animals have been 

associated with subclinical- or only with mild 
clinical signs in affected animals.8,22,26 
 
The predominant histologic pulmonary 
lesion in human patients that develop 
pneumonia due to the infection with SARS-
CoV-2 is diffuse alveolar damage (DAD), 
including the exudative, proliferative and 
fibrotic phases or a mixture of these, with 
various levels of progression and severity. 
Changes include edema, congestion and 
formation of hyaline membranes, hyperplasia 
of atypical type II pneumocytes (reactive 
atypia) and increased numbers of 
macrophages and lesser neutrophils in the 
alveolar lumen; interstitial thickening with 
vascular thrombosis, CD4+ and CD8+ 
lymphocytes and macrophages infiltrates, 
endothelialitis and variable interstitial 
proliferation of myofibroblasts. 
1,2,4,6,7,10,11,12,18,21,28 Similar to the findings in 
humans, the histological changes observed in 
the lung of the cat in this study are indicative 
of DAD, with segmental proliferation of 
atypical type II pneumocytes (reactive 
atypia), thrombosis and focal areas of 

 
Figure 1-3. Lung, cat. In addition to changes described in fig 1-2, there is necrosis of airway epithelium, which is 
especially prominent at the bronchoalveolar rim (arrows).  (HE, 156X)   
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capillaritis and the inflammatory infiltrate 
being mainly composed of neutrophils and 
macrophages, which support an early disease 
stage. The infection was confirmed by IHC 
and ISH, suggesting direct viral damage to 
the lung. 
 
The reported histological findings of the 
human heart in cases of severe SARS-C0V-2 
infection are variable and range from no 
lesions, to a few interstitial mononuclear 
inflammatory infiltrates  to myocardial 
degeneration and necrosis without significant 
inflammation.5,12,21,28 Histological exam-
ination of the heart of the cat in this case 
revealed acute myocardial degeneration and 
necrosis, with mild interstitial acute 
inflammation. These observations are 
compatible with an early manifestation of 
viral myocarditis but could also be secondary 
to a disseminated vascular damage.   
 
One interesting finding of this case was the 
fact that the animal was affected by mild 
hypertrophic cardiomyopathy (HCM) with 
no previous clinical manifestations, as 
evidenced at necropsy by an enlarged 
ventricular wall and a narrow-left ventricle. 
The association of underlying cardiovascular 
disease and myocardial injury with severe 
and often fatal outcomes of COVID-19 in 
human patients has been well documented.15 
It has been suggested that patients with 
hypertrophic cardiomyopathy have an 

increased ACE2 gene expression in the heart, 
which could be associated with an increased 
risk for severe COVID-19 manifestations in 
HCM patients.3,29 It is not known if cats with 
HCM have increased expression of the ACE2 
gene. However, the fact that HCM has been 
observed as a comorbidity in other cats 
diagnosed with SARS-CoV-2 and that 
presented severe progressive respiratory 
disease,24 support the hypothesis that this 
common heart condition in cats could indeed 
predispose severe disease and poor prognosis 
in domestic cats that become infected with 
SARS-CoV-2.  
 
Contributing Institution:  
Virginia Maryland College of Veterinary 
Medicine.  
205 Duck Pond Dr 
Blacksburg, VA 24061 
https://vetmed.vt.edu/departments/biomedic
al-sciences-and-pathobiology.html 
 
JPC Diagnosis:  
1. Lung:  Pneumonia, bronchointerstitial, 
necrotizing and neutrophilic, diffuse, 
moderate, with multifocal septal necrosis and 
thrombosis. 
 
2.  Heart:  Myofiber degeneration, necrosis, 
and loss, multifocal, with mild to moderate 
histiocytic and neutrophilic myocarditis, and 
edema. 
 
JPC Comment:  
The contributor provides a concise 
comparison of histological features 
characteristic of severe acute respiratory 
syndrome virus (SARS-CoV-2) infection in 
both humans and domestic felines.  
 
SARS-CoV-2 is the etiologic agent of 
Coronavirus Disease 2019 (COVID-19).  
First identified in Wuhan City, Hubei 
Province, China in December 2019, COVID- 

 
Figure 1-4.  Heart, cat. There is marked edema 
with a mild to moderate cellular infiltrate 
separating myofibers, most prominently in the 
right ventricle. (HE, 100X) 
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19 quickly evolved into the ongoing and 
continually evolving global pandemic.17 

 
SARS-CoV-2 is one of several species of the 
Betacoronavirus (βCoV) genus, which falls 
under the Coronaviridae and Orthocorona-
virinae family and subfamily, respectively. In 
addition to βCoV, the Orthocoronavirinae 
subfamily includes genera Alphacoronavirus 
(αCoV), Deltacoronavirus (δCoV), and 
Gamma-coronavirus (γCoV). These envel-
oped viruses contain a single-strand, 
positive-sense RNA genome, are 80-220 nm 
in diameter, and infect a wide spectrum of 
wild and domestic species.  In addition, a 
characteristic feature shared by these viruses 
is a unique “crown-like” appearance (corona: 
Latin for “crown”) when viewed via electron 
microscopy due to the presence of superficial 
spike proteins.17 
 
Avian species are primarily infected by 
δCoVs and γCoVs (e.g. avian CoV – 
infectious bronchitis virus) with some 
spillover into mammals; αCoVs and βCoVs 
are restricted to mammals.  Examples of 
αCoVs include feline infectious peritonitis 
virus and transmissible gastroenteritis virus 
in swine.  Examples of βCoVs include bovine 
CoV and sialodacryoadenitis virus of rats in 
addition the highly pathogenic human 
βCoVs, which include severe acute 
respiratory syndrome (SARS) CoV-1, 

Middle East respiratory syndrome (MERS) 
CoV, and SARS-CoV-2.17 

 
Coronaviruses are prone to mutation and 
recombination, greatly facilitating their 
propensity to not only undergo cross-species 
transmission, but also adapt and replicate in 
new host species following a spillover event.  
Examples of spillover events in veterinary 
species include the emergence of bovine CoV 
from equine CoV in the 1700s and more 
recently with both porcine epidemic diarrhea 
virus and swine acute diarrhea syndrome 
virus originating from bat strains.  Notably, 
both SARS-CoV-1 and MERS CoV also 
originated from bat strains and infected 
intermediate hosts, civit cats and dromedary 
camels, respectively, prior to infecting 
humans.  SARS-CoV-2 is suspected to have 
also undergone a similar host switching 
process, although the intermediate host is 
uncertain.  Unfortunately, future spillover 
events into economically important livestock 
species and the human population are highly 
likely, particularly given the history of 
coronaviruses exhibiting a panache for 
interspecies transmission.17 

 
As noted by the contributor, human to animal 
(i.e. reverse zoonosis) transmission of SARS-
CoV-2 has been reported in multiple species, 
including domestic canines and felines, mink, 
and large cats in zoo collections.27 In 
addition, research models utilized include 
both old and new world non-human primates, 
mice, ferrets, cats, and hamsters.  The 
majority of animal models utilized for 
research and development of SARS-CoV-2 
prophylactics and therapeutics are nonhuman 
primates, Syrian hamsters, and mice.20  
 
Research in regard to the pathogenesis of 
SARS-CoV-2 is ongoing.  However, a key 
feature of the virus is its specific targeting of 
the angiotensin converting enzyme-2 (ACE2) 
receptor on host cell membranes.  Multiple 

 
Figure 1-5.   Heart, cat. In areas of edema, there is 
degeneration, necrosis, and loss of myofibers 
with interstitial infiltration of low numbers of 
macrophages and neutrophils.  (HE, 249X) 
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cell types express ACE2 receptors, including 
type I & II pneumocytes, endothelial cells, 
myocardiocytes, cholangiocytes, entero-
cytes, and oral mucosal epithelium.9  Once 
bound by the spike protein, proteases such as 
transmembrane serine protease 2, cathepsin 
B or L, or furin cleave the spike protein, 
leading to fusion with the host cell’s 
membrane, infection, and ensuing cytopathic 
effects. Systemic disturbances may also 
occur, such as dysregulation of blood 
pressure due to downregulation of ACE2 
receptors.17 Furthermore, it has been 
hypothesized human patients with certain 
underlying conditions, such as hypertension 
or COPD, are at increased risk due to 
upregulation of ACE2 receptors.21 

 
In addition to respiratory disease, SARS-
CoV-2 infection has also been reported to 
cause encephalitis, cerebral microhemo-
rrhages, stroke, and diffuse leukoen-
cephalopathy in humans.  These lesions are 
hypothesized to occur due to viral binding to 
ACE2 rich endothelial cells in the CNS.  In 
addition, both glial cells and neurons are 
reported to express ACE2 and may be targets 
of infection.9 

 

The moderators discussed the importance of 
identifying and developing animal models 
that recapitulate lesions found in humans to 
allow effective and ethical investigation 
human diseases, such as with SARS-CoV-2.  
As noted by the contributor, most SARS-
CoV-2 infections in humans are relatively 
mild, however severe disease tends to be 
associated with comorbidities, such as 
hypertension. Therefore it is important to 
identify animal models that not only 
represent the human population as a whole 
but also smaller subsets that may help 
identify "at risk" groups while also 
developing effective countermeasures 
applicable to those populations. 

Conference participants also reviewed 
additional histochemical stains from this 
case, with Masson's trichrome revealing 
alveolar septa are mildly expanded by 
fibrosis.  Participants hypothesized this case 
may have initially manifested as a subclinical 
chronic infection that was masked given 
typical feline behavior, followed by 
decompensation as the patient became 
hypoxic and ultimately presented in 
respiratory distress. 
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CASE II: 19-31-3 (JPC 4166464) 
 
Signalment:  
Adult Syrian hamster (Mesocricetus auratus) 
 
History:  
An adult Syrian hamster was evaluated by 
veterinary staff at the University of North 
Carolina - Chapel Hill for signs of malaise, 
including a hunched posture, dehydration, 

weight loss, and facial swelling with patchy 
alopecia. Eight weeks earlier, the hamster 
had arrived from an academic institution with 
19 other male and female hamsters. The 
hamsters were STAT2 knockouts that were 
purchased for a respiratory syncytial virus 
study and were clinically healthy upon 
arrival. The hamsters had not yet been 
infected with respiratory syncytial virus. 
Upon physical examination, the hamster had 
multiple cutaneous masses along the face and 
limbs. Many of the other hamsters had 
similar cutaneous masses and/or a firm 
palpable abdominal mass. The entire cohort 
was culled. 
 
Gross Pathology: 
Bilaterally along the haired skin overlying 
the cheek pouches, ventral mandible, and 
limbs, there were innumerable, multifocal to 
coalescing, 2-20 mm in diameter, raised, 
semi-firm, pale pink to grey, cutaneous 
masses with varying degrees of alopecia. A 
draining tract associated with the masses 
along the left cheek pouch was present. 
Bilaterally along the mucosa of the cheek 
pouches, there were innumerable, multifocal,  

 
Figure 2-1. Presentation, hamster:  Bilaterally 
along the haired skin overlying the cheek 
pouches, ventral mandible, and limbs, there were 
innumerable, multifocal to coalescing, 2-20 mm in 
diameter, raised, semi-firm, pale pink to grey, 
cutaneous masses. (Photo courtesy of:  University 
of North Carolina - Chapel Hill - 
https://research.unc.edu/comparative-
medicine/) 
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pinpoint to 3 mm in diameter, exophytic, pale 
tan, firm, papillomatous masses. 
 
Laboratory Results:  
Prior to arrival, this hamster tested 
serologically positive for hamster poly-
omavirus and negative for Encephalitozoon 
cuniculi, lymphocytic choriomeningitis 
virus, pneumonia virus of mice, reovirus 3, 
Sendai virus, simian virus 5, Clostridium 
piliforme, and were PCR negative for 
pinworms and fur mites. PCR for 
papillomavirus on samples of the cheek 
pouch tumors was negative. Electron 
microscopy on the skin tumors did not reveal 
any viral particles. 
 
Microscopic Description: 
Haired skin, oral mucosa (cheek pouch): 
Three sections of cheek pouch containing 
haired skin and oral mucosa are examined. 
Markedly expanding the dermis are 
multifocal to coalescing, unencapsulated, 
well demarcated, neoplastic masses with a 
cystically dilated central cavity and a 
superficial pore that communicates with the 
surface. Cystic centers resemble dilated 

infundibula and have a wall of stratified 
squamous epithelium with keratohyalin 
granules and orthokeratotic stratum corneum 
which accumulates centrally. Connected to 
and radiating from the cystic cavities are 
multiple linear primitive hair follicle 
structures with distinct follicular differen-
tiation (structure and cytodifferentiation): 
matrical cell differentiation (forming hair 
bulbs), internal root sheaths with red 
trichohyalin granules, vacuolated external 
root sheaths (agranular), and occasional 
abortive hair shafts with ghost cell 
cornification. Connected to the linear follicle 
structures are multifocal, small lobules of 
epithelial cells resembling well-differentiated 
sebocytes. There are 82 mitotic figures per 10 
high power fields (area 2.37 mm2) with 
occasional bizarre mitoses; the mitotic rate is 
most prominent within matrical cell 
differentiated populations. There is mild 
anisocytosis and anisokaryosis. There is 
frequent necrosis of individual neoplastic 
cells throughout all components. Areas of 
central cornification within cystic 
infundibular structures occasionally contain 

 
Figure 2-2. Oral cavity:  Bilaterally along the 
mucosa of the cheek pouches, there were 
innumerable, multifocal, pinpoint to 3 mm in 
diameter, exophytic, pale tan, firm, 
papillomatous masses (Photo courtesy of:  
University of North Carolina - Chapel Hill 
jhttps://research.unc.edu/comparative-
medicine/). 

 
Figure 2-3. Haired skin and oral mucosa, hamster. 
Three sections are submitted for examination. At 
top left is oral mucosa with multiple papillomas. 
The middle section is a full-thickness section of 
cheek with cheek pouch, papillomas on the 
mucosal side. The section at lower right is a 
section of haired skin with a follicular neoplasm 
as well.    (HE, 481X)  
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small colonies of coccoid bacteria with few 
viable and degenerative heterophils. The 
masses are separated by a fibrovascular 
stroma composed of moderately increased 
numbers of plump fibroblasts within a loose 
collagenous matrix containing numerous  
small caliber blood vessels. Scattered 
throughout the supporting stroma are  
moderately increased numbers of 
perivascular to interstitial mast cells and few 
heterophils. 
 
The mucosal epithelium is multifocally, 
markedly expanded by unencapsulated, well-
demarcated, exophytic papillary masses 
composed of well-differentiated squamous 
epithelium that is supported by a thin 
fibrovascular stalk. The neoplastic epithelial 
cells are polygonal and have distinct cell 
borders, a moderate amount of eosinophilic 
cytoplasm, and a central round nucleus with 
0-1 prominent nucleoli, and finely stippled 
chromatin. There is moderate anisocytosis 
and anisokaryosis. 
 

There are 66 mitotic figures per 10 high 
power fields (area 2.37 mm2). There is 
frequent necrosis of individual neoplastic 
cells. Occasionally, the masses along the oral 
mucosa contain central sebocyte  
differentiation and basilar trichoblastic 
differentiation as described within the masses 
in the haired skin (above). The supporting 
stroma is multifocally infiltrated by moderate 
numbers of mast cells, fewer heterophils, and 
rare lymphocytes and plasma cells. Along the 
overlying stratum corneum, there are 
occasional, small colonies of coccoid 
bacteria. 
 
Contributor’s Morphologic Diagnoses:  
Cheek pouch: 
1. Haired skin: Multifocal to coalescing 

trichoepitheliomas with bacterial 
colonization and mild heterophilic 
dermatitis. 

2. Buccal mucosa: Multifocal squamous 
papillomas with minimal adnexal 
differentiation and mild heterophilic 
stomatitis. 

 
Figure 2-4. Haired skin, cheek, hamster.  Expanding the dermis, there is a well-demarcated neoplasm composed of 
abortive attempts of folliculogenesis opening into central cystic cavities, which occasionally extend to the overlying 
epidermis. (HE, 27X)   
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Contributor’s Comment: 
The gross and histopathologic haired skin 
lesions in this case are consistent with 
trichoepitheliomas secondary to hamster 
polyomavirus (HaPyV) infection in a signal 
transducer and activator of transcription 
protein 2 (STAT2) knockout hamster. 
HaPyV is an non-enveloped, double stranded 
DNA virus that is reported to cause 
trichoepitheliomas and epizootic trans-
missible lymphoma in hamsters.2-7 Other 
tumors types associated with HaPyV have 
not been described.1 Prevalence of HaPyV is 
uncommon in laboratory hamster 
populations.1 In this case, immune-
suppression likely predisposed this hamster 
to infection and tumorigenesis by HaPyV. 
Animals without STAT2 are unable to 
transcriptionally respond to interferons 
resulting in increased susceptibility to viral 
infections.5,9 Lymphoma typically occurs 
within epizootically infected populations, 
whereas enzootically infected populations 
are more prone to developing 
trichoepitheliomas.2,3 Trichoepitheliomas 
develop in hamsters 3-12 months of age. 
Lymphoma in HaPyV infected hamsters 
typically develops in young hamsters.2-6 
 
Transmission of HaPyV is thought to occur 
by ingestion of infected feces or urine 
(hamsters are naturally coprophagic).2,6 

HaPyV persists within renal tubular 
epithelium and is shed into the urine and can 
also be present in infected keratinocytes and 
enterocytes within feces.2 HaPyV has a 
tropism for undifferentiated keratinocytes 
and lymphocytes, resulting in tricho-
epitheliomas and lymphoma, respectively. 
Trichoepitheliomas typically arise on the face 
and feet, although they can be found 
anywhere on the body. Lymphoma most 
often develops within the mesentery, 
intestines, liver, kidney, and thymus.2,3,6 

HaPyV may replicate within cells resulting in 
lysis or transform cells without replication. 

Similar to papillomaviruses, HaPyV exhibits 
viral replication within trichoepitheliomas. 
While HaPyV is oncogenic, tumor 
development is not critical to viral survival 
and replication. Therefore, hamsters can be 
subclinically infected.2 

 

Diagnosis of HaPyV associated disease is 
typically made on histologic diagnosis of 
trichoepitheliomas and lymphoma. Tricho-
epitheliomas unassociated with HaPyV have 
not been described, and lymphoid tumors 
unassociated with HaPyV are uncommon in 
young hamsters. Further diagnostics may 
include virus isolation, PCR, serology, and 
electron microscopy. Prior to arrival at UNC 
- Chapel Hill, the hamster tested serologically 
positive for HaPyV. The negative electron 
microscopy results in this case do not rule out 
HaPyV as finding virions on electron 
microscopy is often challenging.2 

 
To our knowledge, oral papillomas or other 
oral tumors have not been reported with 
HaPyV infected hamsters. Given the mild 
adnexal differentiation associated with the 
papillomas along the oral mucosa in this case, 
these tumors are thought to have arisen from 
HaPyV infection. A lack of further 

 
 
Figure 2-5. Haired skin, cheek, hamster.  The 
neoplasm is composed of multiple lobules 
composed of attempts of follicle formation with 
cells resembling the outer root sheath, which 
develop a glassy, clear cytoplasm before 
undergoing abrupt keratinization without the 
interposition of a granular layer (tricholemmal 
keratinization). (HE, 191X) 
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trichoepithelial differentiation within this 
population of tumors may be due to the 
absence of follicular epithelium along the 
oral mucosa. Samples of the check pouch 
tumors tested negative for papillomavirus on 
PCR. 
 
In conclusion, this report describes a case of 
trichoepitheliomas and oral squamous 
papillomas, thought to be caused by HaPyV. 
 
Contributing Institution:  
1. University of North Carolina - Chapel 

Hill 
a. https://research.unc.edu/comparat

ive-medicine/ 
2. North Carolina State University 

a. https://cvm.ncsu.edu/research/de
partments/dphp/ 

 
JPC Diagnosis:  
1.  Haired skin:  Trichofolliculomas, 
multiple. 

 
2.  Oral mucosa:  Squamous papillomas, 
multiple. 
 
JPC Comment:  
The contributor provides a concise review of 
the epizoology, associated lesions, and 
diagnosis of hamster polyoma virus 
(HaPyV), one of the first rodent 
polyomaviruses identified.   HaPyV was 
discovered in the late 1960s in a colony of 
Syrian hamsters (Mesocricetus auratus) 
affected by skin tumors. Ensuing research in 
Germany found viral particles extracted from 
the skin tumors caused lymphoma and 
leukemia when injected into neonatal 
hamsters.3  Research published by Barthold 
et al. in 1987 further evaluated its 
transmission, reporting the development of 
lymphoma in previously unexposed weanling 
hamsters that were subsequently maintained 
in both direct and indirect contact with 
hamsters previously exposed to HaPyV,  

 
Figure 2-6. Oral mucosa, cheek, hamster.  The oral mucosa is covered with numerous squamous papillomas.  (HE, 
13X) 
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which was known as hamster papovavirus at 
the time.1   
 
A key feature of HaPyV is its ability to infect 
both undifferentiated keratinocytes as well as 
lymphocytes, resulting in the formation of 
hair follicle and lymphoid tumors.  In 
addition, experimental HaPyV infection in 
Syrian hamsters has been reported to rarely 
induce sarcomas and mesothelioma.  
Mesothelioma is of particular interest in 
research given the risk of its development in 
humans following exposure to materials such 
as asbestos.  Interestingly, HaPyV seems to 
only induce primary mesothelioma in female 
Syrian hamsters.  In addition, transplanted 
mesotheliomas demonstrate accelerated 
tumor growth in females.  The underlying 
cause of this sexual predilection is unknown.4   
 
In addition to exposure of naïve hamsters to 
contaminated feces and/or urine, horizontal 
transmission of HaPyV may also occur due to 
fighting and/or grooming behavior.  As noted 
by the contributor, subclinical animals, which 
are often older, may persistently shed the 
virus into the environment due to harboring it 
in the renal tubular epithelium.  In regard to 
trichoepitheliomas, the viral infection 
induces the proliferation of follicular 
keratinocytes, particularly at the hair root 
epithelium. Viral particles are most 
concentrated in the stratum corneum and are 
absent in the proliferating cells of the stratum 

basale.  In regard to lymphoma, large and 
immature neoplastic cells of B- or T-cell 
origin frequently invade local tissues and 
metastasis is common.  Studies in transgenic 
mice have found HaPyV demonstrates a 
tropism for the spleen and thymus, evidenced 
by the preferential expression of HaPyV 
extrachromosomal DNA in these locations.4  
 
Introduction of HaPyV to a colony can be 
detrimental, with mortality rates amongst 
young hamsters due to lymphoma reaching 
up to 80% within 4-30 weeks of exposure.  
There are no treatment options for HaPyV 
infection and culling affected animals is 
recommended.2,4 As noted by the contributor, 
once the virus becomes endemic the 
incidence of lymphoma decreases while 
trichoepithelioma increases, which is likely 
the result maternal antibody protection.  Once 
enzootic, the virus cannot be controlled 
without the entire population being culled 
and the entire premises undergoing thorough 
decontamination. However, recurrent 
outbreaks have been reported following these 
extreme measures, likely due to the resistance 
of this virus to environmental 
decontamination.2  
 
Detection of HaPyV virus particles via 
electron microscopy is a challenge.  In 
addition, evaluation of HaPyV induced 
lymphoma with the intent of demonstrating 
viral particles is an ill advised endeavor since 
lymphoma induction occurs without viral 
replication.  However, viral replication does 
occur within keratinizing epithelial cells of 
follicular tumors, often forming 
characteristic paracrystallin arrays within the 
nucleus.2  In addition to polyomaviruses, 
other viruses that form characteristic 
hexagonal paracrystallin arrays include 
adenovirus, papillomavurs, picornavirus, 
iridovirus, and circovirus.  
 

 
Figure 2-7. Oral mucosa, cheek, hamster.  The 
mucosal epithelium is thickened up to 5X normal 
with a markedly expanded stratum spongiosum. 
(HE, 201X) 
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Participants identified regions of sebaceous 
differentiation within the follicular 
neoplasms and therefore preferred the 
diagnosis of the trichofolliculoma rather than 
trichoepithelioma. Trichofolliculoma and 
trichoepithelioma are both characterized by 
differentiation to all three segments of the 
hair follicle, with the former exhibiting 
pilosebaceous subunits and/or more 
advanced trichogenesis whereas the latter 
may exhibit incomplete or abortive 
trichogenesis and a lack of sebaceous 
differentiation. 
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CASE III: MS19-3845/MS19-3861 (JPC 
4136807) 
 
Signalment:  
6 week old and 5 month old, male, C57Bl/6 
mice 
 
History:  
Two mice were infected IP with 1,000 blood 
trypomastigotes of Trypanosoma cruzi. A 
month later, one mouse was euthanized when 
it developed clinical signs and the other was 
found dead. 
 
Gross Pathology: 
There was pale tan streaking of the 
semimembranosus, semitendinosus, and 
portions of the biceps femoris on both hind 
legs.  The iliopsoas and the hypaxial muscles 
of the lumbar region also had pale streaking.   
 
No other lesions were present. 
 
Laboratory Results:  
None submitted. 
 
Microscopic Description: 
Skeletal muscle: There are multifocal – 
coalescing areas where muscle has 
undergone one of the following changes: loss 
of striations, hypereosinophilia, fragmen-
tation, necrosis and mineralization. Within 
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some muscle fibers, there are large, up to 
250um, pseudocysts containing numerous 
amastigotes. Amastigotes are round, 2-4um 
with a central nucleus and adjacent 
kinetoplast. In some areas, the amastigotes 
appear to be transforming into trypo-
mastigotes. Between the degenerating and 
necrotic muscle fibers, there are numerous 
macrophages with fewer lymphocytes, 
neutrophils, and plasma cells. Regeneration 
was not seen. 
 
Other lesions:  
Heart: myocarditis, moderate with 
amastigotes 
Right atrium: multiple thrombi 
Pancreas: acinar loss, moderate  
Spleen: plasmacytosis, mild 
 
Contributor’s Morphologic Diagnoses: 
Skeletal muscle: myositis, multifocal and 
focally extensive, severe with amastigotes 
and trypomastigotes. 
 
Contributor’s Comment: 
Chagas disease or American trypanosomiasis 
is caused by the flagellate protozoan 
Trypanosoma cruzi.  Transmission is by 
triatomine insects (Triatoma infestans, 
Rhodnius prolixus, Triatoma dimidiata and 
Parastrongylus), also known as assassin or 
kissing bugs.5 Infection cycles between 
human, wild, and domestic animal hosts.1,2 

The primary route of infection is by bug bite 
(70%). Less common modes of transmission 
include congenital (26%) and, accounting for 
less than 1% of cases, transfusion/organ 
transplantation, sexual, and laboratory 
accident.4,8 Outbreaks have also been caused 
by ingestion of contaminated food.3,4 

 
Of those who are infected, 70-80% never 
develop clinical disease. The other 20-30% 
progress over years to develop chronic 
disease in which they commonly develop 
cardiomyopathy. A small percentage (10%) 
develop gastrointestinal disease with or 
without associated cardiomyopathy.3,4 

  
Bugs become infected while taking a blood 
meal and ingesting blood trypomastigotes. 
The trypomastigotes mature in the midgut 
becoming epimastigotes and then, as they 
pass through the hindgut, develop into 
infective trypomastigotes. The trypo-
mastigotes are then deposited with feces as 
the bug takes a second meal. Infection occurs 
when feces are rubbed into broken skin or 
mucosa. At the inoculation site, 
trypomastigotes infect nucleated cells via 
fusion of host cell lysozymes9, transform into 
amastigotes, divide by binary fission, 
develop flagella, and then are released as 
infective trypomastigotes back into the blood 
to travel to other tissues or infect local cells. 
Infection by feces (Sterocorarian 
transmission) is inefficient and is estimated 
to be between 1-4% per year.3 

 
Chagas disease can be separated into acute, 
indeterminate, and chronic phases. Acute 
phase: After being infected, symptoms may 
not develop but, if they do, they are most 
often nonspecific.5 Rarely, after a 1-2 week 
incubation period, there may be swelling 
around the wound the site (Chagoma) or of 
the eye (Romana’s sign).3 Biopsy samples 
from a Chagoma have intrahistiocytic 
amastigotes and lymphocytes. Swelling  

 
Figure 3-1. Skeletal muscle, mouse. One section of 
skeletal muscle (with long bone at bottom) is 
submitted for examination.  At low magnification, 
scattered myofibers are basophilic and 
hypercellular. (HE, 5X) 
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around the eyelid is due to edema and 
conjunctivitis. A morbilliform rash 
(schizotrypanides) may also develop. 
Reported microscopic changes are 
nonspecific, vascular dilation, edema with 
perivascular lymphoplasmacytic aggregates. 
Parasites have been reported not to be 
associated with the rash.8 
 
During the acute phase, approximately 1%, 
of those infected (mostly young infants) 
develop acute lymphadenopathy, 
hepatosplenomegaly, encephalitis, myocar-
ditis and heart failure.3,4 

 

The acute phase lasts approximately 4-8 
weeks and then disappears presumably due to 
a cell mediated response.3 Eosinophilia is not 
reported to be associated with the initial 
immune response.8 During this time, 
infection can be detected by seeing the 
organisms in a Giemsa-stained blood or CSF 
smear and PCR and culture.3 

 

Indeterminant phase: This phase lasts years 
or for the rest of an individual’s lifetime. 

Although they are infected, there are no 
clinical signs. Parasites are not found in 
blood smears. PCR and serological results are 
variable. Infection may become reactivated 
in immunosuppressed individuals who then 
go on to develop acute disease with fever, 
erythematous nodules/plaques, myocarditis 
and encephalitis associated with numerous 
amastigotes.3,4 

 
Chronic phase: This phase develops after 
years of being infected. Clinical presentation 
may include one or more of the following: 
cardiac conduction abnormalities, dilated 
cardiomyopathy, left ventricular aneurysm, 
and congestive heart failure. 
Thromboembolism and stroke may develop 
secondarily.3,4 

 
Early myocardial changes include degen-
eration and necrosis with infiltration 
primarily of macrophages and neutrophils 
and, with more chronic lesions, T-cells, 
eosinophils and plasma cells. Early 
inflammatory and myocyte changes may be 
replaced by mild fibrosis, myocyte 

 
Figure 3-2.  Skeletal muscle, mouse.  Diffusely, myofibers demonstrate large numbers of macrophages, which 
occasionally replace myofibers, infiltrates degenerative and atrophic changes and the epimysium. (HE, 280X) 
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hypertrophy and minimal – mild 
inflammation. More chronic lesions have 
focally extensive muscle atrophy and loss 
with thick, transmyocardial fibrosis.  Often, 
in this chronic phase, there may be no 
inflammation and very few or no parasites. 
Even by PCR, the organisms are not always 
detected.4 Repeated serologic and PCR tests 
may be needed to detect chronic infection.3  
 
Gastrointestinal disease may be seen in 10% 
of those who are infected whether they have 
cardiac disease or not. Although megacolon 
and megaesophagus are the most common 
gastrointestinal presentations, dilation 
anywhere along the intestinal tract can occur. 
Infection of the enteric nervous system 
results in denervation of the intestines and to 
dilation.3,4 

 
T. cruzi can infect any nucleated cell in the 
body and, in the heart, it invades the 
myocytes, nerves, endothelial cells and 
adipocytes. Why the organism targets 
myocytes may be due plasma membrane 
repair mechanisms which allow for entry of 
the parasite into the cell.4 

 
The pathogenesis of T. cruzi is incompletely 
understood but it involves complicated and 
intertwined mechanisms involving the 
virulence of the strain of T. cruzi, the route of 
infection and the number of organisms, re-
infection, the unique innate and acquired 
immune responses of the host, and the 
persistence of the organism within tissues. 
Initial responses to infection are T-cell 
mediated which reduce but do not clear 
infection. Many immune responses of the 
host (cytokines, chemokines, reactive oxygen 
molecules and antibodies) do not kill all 
parasites and end up enhancing the infectivity 
of and damages caused by it.1,3 Adipose 
tissue has been identified as a reservoir for 
the parasites.4 

 

The World Health Organization has 
designated Chagas disease as one of the top 
neglected tropical diseases. Chagas is 
associated with poverty where housing with 
cracked walls and thatched roofs allow bugs 
to live in close proximity to people.10  Since 
the institution of insecticide and bed net use 
along with screening of blood donors and 
pregnant women, the number of people 
infected has decreased significantly.3  Still, 
according to the CDC, 8 million people in 
Mexico, Central and South America are 
infected. Migration away from these endemic 
areas has led to individuals, most of whom 
are not aware that they are infected, to be 
identified in North America, Europe, Japan, 
and Australia. In the United States, 300,000 
people are believed to be infected. In 
addition, triatomine insects can be found in 
most states and any domestic or wild 
mammal can be infected and serve as a 
reservoir/host.1,5 In the United States and in 
other regions where Chagas disease is now 
found but is not widespread, control 
strategies are focused on preventing 
transmission from blood transfusion, organ 
transplantation, and from mother to baby.5  
Currently, blood donors are screened for 
parasites/antibodies. As of 2017, only six 
states (Arizona, Arkansas, Louisiana, 
Mississippi, Tennessee and Texas) have 
designated Chagas as a reportable disease.2,3 

 

Treatment with benznidazole or nifurtimox 
may lead to 80 – 100% cure in newborns and 
those known to be acutely infected. 
Benznidazole may decrease the rate of 
cardiomyopathy progression.3  
 
Currently, there is no vaccine for Chagas. 
The inability to predict who will progress 
from the indeterminate phase and develop 
cardiac disease continues to be problematic. 
To date, a definitive molecular marker to 
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identify those who will or are developing 
cardiac disease has yet to be identified 
although, microRNA-2208a, a plasma 
marker for cardiac disease, has been 
suggested.4 

 
Contributing Institution:  
National Institutes of Health 
Division of Veterinary Resources 
Building 14E/119B 
Bethesda, MD 20892 
starostm@mail.nih.gov 
Phone: 301-443-7251 
 
JPC Diagnosis: 
Skeletal muscle:  Rhabdomyositis, necro-
tizing and histocytic, multifocal, moderate, 
with intrasarcoplasmic and extracellular 
protozoal amastigotes and myofiber 
mineralization.    
 
JPC Comment:  
The contributor provides an outstanding 
review of Chagas disease, an emerging 
disease in the southwestern United States that 

historically was restricted to Central and 
South America. 
 
Chagas disease far predates the arrival of 
Europeans in the New World, as T. cruzi 
kinetoplast DNA has been identified in 
exhumed Peruvian and Chilean mummies 
from approximately 7000 BCE, with similar 
findings in Central America.  It is likely 
humans became part of the sylvatic cycle of 
Chagas disease as they began populating the 
South American coast approximately 9500 
years ago.  Interestingly, the Andeans 
domesticated rodents for both consumption 
and ritualistic use, which likely further 
attracted hematophagous insects such as 
Triatoma infestans, which are adept at 
survival in traditional wattle and daub 
houses.6 

 
Interestingly, Charles Darwin may have 
unknowing contracted Chagas disease during 
his famed expedition aboard the HMS 
Beagle. While visiting in the Chilean port 
city of Valparaiso in 1834, he became 
severely ill and was bedridden for 7 weeks for 

 
Figure 3-3. Skeletal muscle, mouse. Myocytes are multifocally necrotic and mineralized.  The endomysium and 
numerous myofibers is infiltrated by macrophages. (HE, 226X) 
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what was thought to be typhoid disease, 
although no other crew members became ill.  
In addition, a March 1835 journal entry 
describes a nocturnal attack of a reduvid bug 
as “the most disgusting to feel soft wingless 
insects about one inch long crawling over 
one’s body; before sucking they are quite 
thin, but afterwards round and bloated with 
blood, and in this state they are easily 
squashed”.  Additional exposure likely 
occurred as he studied T. infestans, known at 
the time as the “great black bug of the 
Pampas”, for at least four months.  Darwin 
reported no additional symptoms consistent 
with Chagas disease from 1835-1841, which 
is consistent with the indeterminate phase as 
described by the contributor.  Between 1841-
1861, Darwin experienced symptoms 
consistent with the chronic phase of Chagas 
disease, including heart palpitations, extreme 
fatigue, and vomiting.  Given his family’s 
history of psychiatric tendencies, physicians 
believed he was suffering from 
hypochondriasis.  However, Darwin’s symp-
toms persisted and he was later diagnosed 
with heart failure prior to his death in 1882.  

Although it is uncertain if Darwin was truly 
infected with T. cruzi, the history of exposure 
to a reduviid bug and progression of clinical 
signs consistent with the acute, 
indeterminate, and chronic phases of 
infection are highly consistent.6  
 
During the early 1900s, a young Dr. Carlos 
Chagas was one of several Brazilian 
physicians dispatched to investigate a malaria 
outbreak delaying construction of the Brazil 
Central Railroad in the state of Minas Gerais.  
During his travels, Dr. Chagas was notified 
of a nocturnal hematophagous insect found to 
contain a flagellated parasite similar to one he 
had previously described in monkeys and 
named Trypanosoma minensis.  Samples 
were sent to his mentor and director of the 
National Institute of Serum Therapy in Rio, 
Dr. Osvaldo Cruz, who then inoculated 
several laboratory monkeys.  A month later, 
Dr. Chagas found the parasite within the 
blood of the monkeys was different than T. 
minensis, and named the parasite T. cruzi to 
honor his mentor.  Dr. Chagas proceeded to 
seek a human host and later found the parasite 

 
Figure 3-4. Skeletal muscle, mouse. Scattered myocytes contain numerous intracytoplasmic amastigotes 
contasisnt with T. cruzi. (HE, 400X)   
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in the blood of a two-year-old girl named 
Berenice, who had fever, facial edema, and 
hepatic-splenic-lymph node syndrome.  Dr. 
Chagas is therefore credited with performing 
a “reverse triple discovery” by first 
identifying the vector, followed by the 
parasite, and finally the host.6 

 
As noted by the contributor, iatrogenic 
transmission of Chagas disease has been of 
growing concern, with reports of T. cruzi 
transmission via kidney transplants in Brazil 
during the 1980s, with similar reports of 
accidental transmission occurring in the 
United States 20 years later.  In addition, 
large numbers of individuals in endemic 
areas on organ transplant waitlists are 
infected, including 7% of Argentinians.  This 
is a concern, given the risk of reactivation 
occurring as the result of transplant related 
immunosuppression, which is reported to 
occur in 23-75% of patients.  However, 
treatment with benznidazole for 30-60 days is 
effective, with only 0.3% mortality 
associated with Chagas disease reactivation.6 
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CASE IV: WSC2017-18 Case 2 (JPC 
4100655)    
 
Signalment:  
Adult female cynomolgus macaque (Macaca 
fascicularis). 
 
History:  
This animal was the positive control animal 
in an Ebola-Zaire vaccine study. All animals 
in the study were determined to be 
immunocompetent, confirmed by polyclonal 
lymphocyte activation in vitro, and 
seronegative for all retroviruses. The animal 
was inoculated intramuscularly with Ebola-
Zaire and was euthanized six days later. 
 
Research was performed under an 
Institutional Animal Care and Use 
Committee approved protocol in compliance 
with the Animal Welfare Act and other 
federal statutes and regulations relating to 
animals and experiments involving animals 
and adheres to principles stated in The Guide 
for the Care and Use of Laboratory Animals, 

about:blank
about:blank
about:blank
about:blank
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National Research Council, 1996. The 
facility where the research was conducted is 
fully accredited by the Association for 
Assessment and Accreditation of Laboratory 
Animal Care, International. 
 
Gross Pathology: 
Upon gross examination, the following findings 
were recorded: mild reddening of the skin of the 
inner arms, face, and abdomen, diffusely tan and 
friable liver, mildly enlarged spleen, petechial 
hemorrhages of the urinary bladder mucosa, 
multifocal bilateral tan discoloration of kidneys, 
multiple reddened enlarged lymph nodes, and 
subcutaneous and intramuscular hemorrhage in 
the area of inoculation. 
 
Laboratory Results:  
None submitted. 
 
Microscopic Description: 
Liver with gallbladder: There are multifocal 
to coalescing, random areas of necrosis 
affecting approximately 25% of this section 
consisting of hepatocytes that are either 
individualized, shrunken, and hyper-
eosinophilic (necrotic) or swollen with 
vacuolated cytoplasm (degenerate); and 
admixed with eosinophilic cellular and 
karyorrhectic debris, fibrin, and few 
neutrophils, lymphocytes and macrophages. 
Many hepatocytes, especially those within or 
adjacent to areas of necrosis, contain single 
or multiple variably sized, up to 7 um 
diameter, eosinophilic round to oval 
intracytoplasmic viral inclusion bodies. 
Diffusely, hepatic sinusoids are mildly 
expanded by fibrin and neutrophils. The 
majority of remaining hepatocytes contain a 
single or multiple discrete, clear lipid 
vacuoles which infrequently compress and 
peripheralize the nucleus. Multifocally, few 
arteries and veins contain fibrin, have a loss 
of integrity of the endothelial lining, and their 
walls are transmurally infiltrated by 
neutrophils, lymphocytes, macrophages, 

necrotic cellular debris, fibrin, and 
hemorrhage (necrotizing vasculitis). 
 
Contributor’s Morphologic Diagnoses:  
Liver: Hepatitis, necrotizing, multifocal to 
coalescing, moderate, with acute hepatitis, 
vasculitis, and hepatocyte intracytoplasmic 
viral inclusions. 
 
Contributor’s Comment: 
The presented case demonstrates the typical 
hepatic necrotizing lesion of acute Ebolavirus 
(EBOV) infection in the Cynomolgus 
macaque. Inflammation is often absent to 
minimal. Cytoplasmic viral inclusions are 
most prominently identified within 
hepatocytes, although their presence in 
macrophages, to include within other 
infected organs, has been documented. Viral 
antigen is observed in many cell types in this 
case, to include hepatocytes, Kupfer cells, 
sinusoidal lining cells and endothelial cells. 
In comparison to the negative control for 
EBOLA antigen, there is strong positive 
immunoreactivity also within the serum 
diffusely within the sinusoids and blood 
vessels. 
 

 
Figure 4-1. Liver and gallbladder, cynomolgus 
macaque.   A section of liver and gallbladder is 
submitted for examination – there are no lesions 
visible at this magnification, but there is marked 
acute congestion of the liver. (HE, 5X)  
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With regard to infectious diseases, few share 
the abilities of EBOV to cause global 
disruption, blanket international headlines, 
and strike fear into the world population as it 
does during epidemics. There have been 25 
such epidemics since its discovery during 
simultaneous outbreaks in Zaire, Africa (now 
the Democratic Republic of the Congo) and 
Sudan in 1976.2 All have occurred along the 
equatorial belt of Africa, but the 2013 West 
Africa epidemic eclipsed them all as the most 
geographically extensive, fatal, and longest 
lasting in Ebola’s history2; injecting a greater 
sense of urgency into the international 
community to identify therapeutics and 
vaccines. 
 
EBOV is a filovirus (single-stranded, 
negative-sense RNA virus), but is also a 
member of the viral group known to cause 
viral hemorrhagic fever.2,9 That group 
includes Dengue, Lassa, and Yellow Fever 
among others; and while all emerge from 
different reservoirs with variable 
pathogenesis, they all feature severe systemic 
viral infection associated with hemorrhagic 

phenomena such as petechiae, ecchymoses 
and frank bleeding.2 There are 5 species of 
EBOV: Bundibugyo, Reston, Sudan, Tai 
Forest and Zaire.9 All but Reston are 
pathogenic to humans.1 Zaire EBOV is the 
most common cause of epidemics and also 
the culprit of the most recent one in West 
Africa.2 
 
Both Rhesus and Cynomolgus macaques are 
considered the gold standard model of EBOV 
disease for their consistent similarity to 
human disease.2 Nonhuman primates (NHP) 
may play a role in the natural history of 
EBOV, but no mammalian reservoir has yet 
been identified and most recent studies 
implicate fruit bats.6,7 Following an unknown 
route of exposure from a reservoir species to 
a human or NHP, viral transmission between 
these species occurs via inoculation into the 
bloodstream or exposure to mucus 
membranes or nonintact skin.2 Aerosol 
transmission has been described 
experimentally but never recorded in humans 
and only described in one study in NHP’s.9 
NHP’s develop fever, diarrhea and macular 

 
Figure 4-2. Liver, cynomolgus macaque.  There are multifocal randomly scattered foci of lytic necrosis of hepatocytes 
(arrows).   (HE, 405X) 
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rash along with leukocytosis, lymphopenia, 
thrombocytopenia and elevated D-Dimers 
typically within 6 days post-inoculation.3 
Fatality rates are greater than 90% in Macaca 
spp., and death invariably occurs between 7-
10 days post infection.3 
 
The hallmark lesions of EBOV in NHP’s 
include petechial and/or ecchymotic 
hemorrhages of the mucus membranes, 
internal organs, and skin; widespread 
lymphocytolysis in the lymph nodes and 
spleen; splenic fibrin deposition of the red 
pulp; hepatic necrosis; hepatocytic viral 
inclusions; and hemorrhage and congestion 
of the submucosa throughout the 
gastrointestinal tract, most prominently in the 
duodenum.3 Ocular lesions of necrotizing 
scleritis and conjunctivitis have been 
described in recovering Rhesus Macaques 
which parallels similar late onset lesions in 
humans.1,2 
EBOV initially targets dendritic cells and 
macrophages which then disseminate to 
lymphoid tissues where viral replication 

occurs. The virus quickly becomes widely 
disseminated in the bloodstream; and 
multiple organs, especially the liver and 
spleen, are targeted as multiple cell types 
within these organs to include endothelial 
cells become infected. Lymphocytes are the 
rare cell type that avoids viral infection.2 
 
The major mediators of EBOV tissue damage 
and disease manifestation include 
proinflammatory cytokines (TNF-α, IL-1, IL-
6 & MCP/MIP), nitric oxide, tissue factor, 
increased TRAIL or Fas-FasL expression, 
and the EBOV glycoprotein.2 Tissue damage 
is further enhanced by ischemia; a 
culminating effort from tissue factor 
activation, fibrin thrombus formation, 
hepatic necrosis, and consumption of 
platelets and clotting factors. Late-appearing 
hemorrhages are thought to represent 
disseminated intravascular coagulation.2 
 

 
Figure 4-3. Liver, cynomolgus macaque.  Another, larger focus of hepatic lytic necrosis with fibrin streaming into 
sinusoids.  Increased numbers of neutrophils circulate within sinusoids and Kupffer cells are hyperplastic.   
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 EBOV induces a robust immune response 
capable of clearing infection in all but 
immunologically privileged organs (eye, 
testis, etc.). When the infection is identified 
early and supportive medical care is 
available, survival can be expected for many 
if not most patients. The case-fatality ratio 
among those 27 patients treated in Europe or 
the United States during the last epidemic 
was just 18.5%, stark contrast to the 40% 
range among those patients remaining in 
West Africa or the more historical 88% 
fatality rate for the earliest outbreaks.2 
Targeted therapies may have contributed to 
this success; replication inhibitors, plasma 
infusion, and a recent cocktail of three 
monoclonal antibodies known as ZMapp 
have all been shown experimentally to reduce 
mortality in mice and/or NHP’s.2 
Documented success attributed to these has 

been less fruitful among humans thus far, 
however. 
 
While no vaccine has yet been licensed, there 
are currently 11 different EBOV vaccines 
undergoing clinical study. Four are in phase 
III testing, and one focusing on the EBOV 
glycoprotein has gained widespread 
recognition due to documentation of 100% 
efficacy in a ring vaccination trial during the 
recent West Africa epidemic.4 Much of the 
natural history and pathogenesis of EBOV 
remains an enigma, however. Even if an 
effective vaccine becomes commercially 
available, the economic and logistical 
challenges of the endemic regions will likely 
continue to necessitate their rapid 
deployment following an epidemic 
emergence until more is understood 
regarding the underlying causes which may 
contribute to their prevention altogether. 

 
Figure 4-4. Liver, cynomolgus macaque. Degenerating hepatocytes contain one to multiple 2-6um intracytoplasmic 
viral inclusions.  (HE, 500X) 
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Contributing Institution:  
US Army Medical Research Institute of 
Infectious Diseases (USAMRIID) 
Fort Detrick, MD 
https://riid-
vision.detrick.army.mil/pathology 
 
JPC Diagnosis: 
Liver:   Hepatitis, necrotizing, random, 
multifocal, severe, with vasculitis and 
numerous intracytoplasmic viral inclusions. 
     
JPC Comment:  
The contributor provides a thorough and 
outstanding review of Ebolavirus (EBOV), 
the second filovirus reviewed by the 
Wednesday Slide Conference in three weeks 
(see 21-22 WSC Conf. 17-1 Marburgvirus).     
 
Since the submission of this case in 2017, two 
vaccines for Zaire EBOV have been licensed:  
Ervebo and the two dose vaccine regimen of 
Zabdeno and Mvabea.10   
 
Ervebo is a single dose vaccine that utilizes 
an attenuated-live recombinant stomatitis 
virus-based vector that expresses the 
envelope glycoprotein (GP) gene of Zaire 
EBOV.7 Consequentially, Ervebo has not 
been demonstrated to provide protection 
against disease caused by filoviruses other 
than Zaire EBOV.9 Regarding the 2-dose 
vaccine regimen, Zabdeno is monovalent 
replication incompetent adenoviral vector 
vaccine that encodes the full length GP of the 
Mayinga variant of Zaire EBOV.  The second 
dose, Mvabea, is a multivalent Modified 
Vaccinia  Ankara virus vaccine that similarly 
encodes for the GP of the Mayinga variant of 
Zaire EBOV, in addition to the Gulu GP of 
Sudan EBOV, Musoke GP of Marburgvirus, 
and the nucleoprotein of Tai Forest EBOV.8  
 

 Ervebo was first utilized under a 
“compassionate use” protocol for 16,000 
people in Guinea during a 2015 EBOV 
outbreak, with similar utilization during the 
2018-2020 outbreak in the Democratic 
Republic of Congo with the immunization of 
345,000 individuals.  Ervebo was licensed in 
November 2019 by the European Medicines 
Agency, followed shortly thereafter by the 
United States Food and Drug Administration, 
as well as in multiple West African nations.  
Due to limited quantities of available 
vaccine, Ervebo is not utilized in a traditional 
manner with mass vaccination campaigns.  
Instead, the vaccine is maintained as part of a 
strategic stockpile reserved for outbreak 
response focused on establishing a “ring 
vaccination” strategy, similar to the approach 
used to eradicate smallpox.  Notably, “ring 
vaccination” does not imply vaccination of 
individuals within a specific geographic area 
following identification of a positive case.  
Instead, extensive contact tracing is used to 
identify individuals with a high risk of 
exposure, such as those in close contact with 
an infected person’s body, body fluids, linen, 
or clothes over a 21 day period.  Historically, 
each positive case is typically associated with 
approximately 150 individuals deemed to be 
at high risk of exposure.10  
 

 
Figure 4-5. Gallbladder, cynomolgus macaque.  
There are two small choleliths adjacent to the 
gallbladder mucosa.  (HE, 400X) 
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In May 2020, the European Medicines 
Agency recommended market authorization 
for the two dose vaccine regimen of Zabdeno 
and Mvabea for persons >1 year of age.  The 
first vaccine in the protocol, Zabdeno, is 
followed approximately 8 weeks later by the 
second vaccine, Mvabea. Given the 
prolonged amount of time between the initial 
vaccination and immunity, the Zabdeno 
Mvabea 2-dose vaccine regimen is less 
suitable for outbreak responses than Ervebo.  
In addition, a booster vaccination of Zabdeno 
is recommended for individuals at imminent 
risk of exposure to EBOV (e.g. healthcare 
workers and those living or visiting areas 
with an ongoing outbreak) if more than four 
months have passed since administration of 
the second dose.10        
 
Although vaccines are powerful tools for 
curbing future EBOV outbreaks, they are 
only one of many components of an effective 
control strategy.  Additional components 
include early detection of new EBOV 
infections, functional laboratories to confirm 
infections, isolation and provision of 
supportive care for patients, and safely (albeit 
respectfully) burying the dead in a timely 
manner to reduce further spread through 
contact with deceased patients. 9  
 
As discussed in WSC#17, EBOV and 
Marburgvirus are both reported to persist in 
immune-privileged tissues of survivors, 
including the aqueous humor, central nervous 
system, and testicles.  Sexually transmission 
of both viruses has been reported.  In one 
case, Ebola virus RNA was detected by 
reverse transcription PCR in semen 531 days 
following onset of symptoms.3 The 
moderator used this fairly recent discovery as 
an example to underscore the importance of 
collecting samples from as many tissues as 
possible when operating in a research setting, 
even those deemed inconsequential at the 
time of collection.  If subsequent discoveries 

warrant further investigation, the availability 
of these tissues for retrospective analysis may 
not only provide more timely information, 
but also facilitate subsequent study design 
and/or reduce the need for additional 
resources, such as animal models. This 
practice is of particular importance in studies 
utilizing NHPs given their limited 
availability. 
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1. True or false.  Airway epithelial necrosis is the primary histologic lesion associated with human 

infection with SARS-COV-2. 

a. True 

b. False 

 

2. Hamster less than a month of age will develop which of the folling when infected with hamster 

papillomavirus? 

a. Glioblastoma 

b. Hepatic carcinoma 

c. Lymphoma 

d. Biting insects 

 

3. Hamster papillomavirus is transmitted how? 

a. Biting insects 

b. Respiratory droplets 

c. Urine 

d. Wound contamination 

 

4. Disease in which other organ system is seen in a minority of human patients with T. cruzi 

infection? 

a. Gastrointestinal 

b. Urinary 

c. Respiratory 

d. Nervous 

 

5. The initial cellular target of Ebola virus is which of the following? 

a. Lymphocytes 

b. Dendritic cells 

c. Tonsillar epithelium 

d. Respiratory epithelium 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
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   WEDNESDAY SLIDE CONFERENCE 2021-2022 

  C o n f e r e n c e 20       23 March 2022 
 

CASE I: D21-018285 (JPC 4167865)   
 
Signalment:  
10-month-old, male castrated European ferret 
(Mustela putorius furo) 
 
History:  
The ferret initially presented to the 
Zoological Medicine Service for an acute 
onset of inappetence, sneezing, coughing, 
and lethargy. The animal was laterally 
recumbent unless propped up and was febrile 
(106.4 °F).  Clear, serous discharge came 
from both nostrils, the animal was sensitive 
to abdominal palpation, and a firm semi-
mobile 1.5 cm mass was felt in the skin of the 
dorsum between the scapulae.  No wheezes 
or crackles were heard on auscultation.  The 
animal was treated empirically with 
Clavamox and enrofloxacin for a suspected 
abscess. 
 
The ferret re-presented the same day to the 
Emergency Service.  At re-presentation, his 
temperature was 105.7 °F. Full body 
radiographs were performed and mild 
splenomegaly and trace peritoneal effusion 
were seen.  CBC showed leukocytosis (WBC 
18,000/ µL). A splenic fine needle aspirate 
was performed and extramedullary 
hematopoiesis, primarily myeloid in origin, 
was seen. The animal was treated with 

cyclophosphamide, chloramphenicol, and 
prednisolone and improved within the first 
week, but acutely decompensated approx.-
imately three weeks after presentation and 
died. 
 
Gross Pathology:  
All skeletal muscles were mildly to 
moderately atrophic; the temporal muscles 
and muscles of the proximal hind limbs 
appeared most severely affected.  The spleen 
was moderately enlarged, diffusely light  

 
Figure 1-1. Larynx, ferret. Multifocal 
inflammatory infiltrates replace skeletal muscle 
of the larynx and overlying esophagus. (H&E, 5X) 
(Kansas State Veterinary Diagnostic Laboratory, 
Department of Diagnostic Medicine/Patho-
biology, www.ksvdl.org) 
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brown, and firm.  Numerous pinpoint 
hemorrhages were present along the 
adventitia of the esophagus throughout its 
entire length. 
 
Laboratory Results: 
None submitted.  
  
Microscopic Description: 
Skeletal muscle; esophagus (muscularis 
propria), larynx:  Multifocally throughout the 
section, skeletal muscle fibers are separated, 
expanded, and replaced by moderate to large 

numbers of degenerate and non-degenerate 
neutrophils and macrophages, which dissect 
through and expand the fascia and 
endomysium. Large infiltrates of these 
inflammatory cells obliterate the architecture 
of the muscle fibers. Remaining entrapped 
islands of myocytes are frequently 
degenerate with cell swelling or shrinking, 
hypereosinophilia, fragmentation of 
sarcoplasm, and loss of cross striations.  
 
Contributor’s Morphologic Diagnoses:  
Skeletal muscle: Myositis and fasciitis, 
pyogranulomatous to suppurative, multifocal 
to coalescing, severe with abundant myocyte 
degeneration 

Spleen (not submitted): Extramedullary 
hematopoiesis, diffuse, marked 

Contributor’s Comment:  
The histologic changes in the skeletal muscle 
of this animal are consistent with 
disseminated idiopathic myofasciitis (DIM), 
an inflammatory myopathy in ferrets.   

 
Figure 1-2.  Larynx, ferret: Skeletal muscle of the 
larynx is multifocally infiltrated and effaced by a 
profound cellular infiltrate. (HE, 26X) 

 
Figure 1-3.   Thyroarytenoideus muscle, ferret:  The cellular infiltrate is primarily composed of viable neutrophils, 
with fewer scattered macrophages. (HE, 336X)   
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First described by Garner et al in 2007, gross 
findings of DIM include whole body muscle 
mass loss, esophageal mottling, white streaks 
in muscles, lymphadenomegaly, and spleno-
megaly. Histologic lesions consist of 
suppurative to pyogranulomatous inflame-
mation in muscle, fascia, and adipose 
throughout the body with associated atrophy, 
as well as myeloid-predominant extra-
medullary hematopoiesis in the spleen.3,5  
Inflammation in the muscularis of the 
esophagus with sparing of the mucosa is 
considered an important histologic lesion in 
DIM.2  Affected ferrets are generally young 
(<18 months), however DIM has been 
reported in ferrets as young as 4 months and 
as old as 24 months5, with no sex 
predilection.   
 
Clinical signs include acute onset of severe 
pyrexia, lethargy, pain, paresis, and 
recumbency. Additional reported clinical 
signs include inappetence, dehydration, 
lymphadenomegaly, serous nasal or ocular 
discharge, and diarrhea.3,5  Clinical pathology 
may show leukophilia due to mature 
neutrophilia, increases in ALT and glucose, 
and mild hypoalbuminemia.  Creatinine 
kinase, generally associated with muscle 
damage, is not elevated.  Animals generally 

decline until death 
or euthanasia and 
the disease is resis-
tant to attempts at 
treatment, which 
has included anti-
biotics, steroids, 
NSAIDs, and im-
mune modulators.5 
 
The inciting cause 
of DIM is not 
known.  Histologic, 
immunohistologic, 

and electron micr-
oscopy testing for 

infectious 
etiologies, including fungi, bacteria, and 
protozoa such as Sarcocystis neurona, 
Toxoplasma gondii, and Neospora caninum 
have been unrewarding.3,5  An association 
with the Fervac-D canine distemper vaccine 
was considered; however, this vaccine is no 
longer produced, and more recently affected 
ferrets have been vaccinated with several 
different distemper vaccines, including 
Distox-Plus, Distem-R TC, Purevax, and 
Galaxy-D.3,5  A heritable component is being 
considered, as some forms of inflammatory 
myositis in humans and dogs are inheritable5, 
and immune mediated myositis (IMM) in 
horses is suspected to be inheritable as well 
due to its prevalence in reining and cow bred 
Quarter Horses and Quarter Horse outcross 
breeds such as the American Paint Horse and 
Appaloosa.1,4   
 
Immune-mediated inflammatory myopathies 
exist in several other species; however, the 
inflammation in these diseases is generally 
mononuclear, particularly lymphocytes, in 
contrast to the suppurative to pyogran-
ulomatous inflammation seen in ferrets with 
DIM.  Horses with IMM are generally 
between 8 and 17 years old, and  

 
Figure 1-4.  Esophagus, ferret: The cellular infiltrate effaces the skeletal muscle of the 
ventral esophagus and extends into the overlying submucosa. (HE, 128X) 
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39% have been recently exposed to a 
suspected immune trigger such as 
Streptococcus equi or other respiratory viral 
infection, or vaccination.1  Horses with IMM 
have lymphocytic infiltration of myocytes 
and frequently lymphocytic vascular cuffing, 
with the epaxial and gluteal muscles most 
commonly affected and other muscles 
generally being spared.1  In dogs, immune-
mediated myositis may be confined to the 
masticatory muscles or may be widespread as 
a polymyositis (PM).  Masticatory myositis 
results from autoantibodies to type 2M 
myosin, a myosin isoform that is only found 
in the masticatory muscles, and inflammation 
generally consists of eosinophils and 
lymphocytes.6 PM in dogs is most common 
in large breed dogs, particularly German 
Shepherds. A breed associated PM also 
occurs in Newfoundlands with primarily 
lymphocytic inflammation.6 In humans, 
immune mediated polymyositis results from 
development of autoantibodies to muscle 
components.  Human PM consists primarily 

of non-suppurative inflammation, predom-
inantly T lymphocytes and macrophages.3 
 
Contributing Institution:  
Kansas State Veterinary Diagnostic 
Laboratory 
Department of Diagnostic 
Medicine/Pathobiology 
Ksvdl.org 
 
JPC Diagnosis: 
1.  Larynx and esophagus:  Rhabdomyositis, 
neutrophilic, chronic-active, diffuse, severe, 
with myofiber atrophy. 
 
2.  Perilaryngeal soft tissues: Cellulitis, 
neutronphilic, chronic-active, multifocal, 
moderate.  
 
JPC Comment:  
The contributor provides an excellent review 
of disseminated idiopathic myofasciitis 
(DIM) in ferrets, an inflammatory myopathy 
with a high mortality rate, no sexual 
predisposition, and predominantly affects 
ferrets less than 18 months of age.5   
 
Although astute diagnosticians may suspect 
DIM based on the previously noted clinical 
signs and clinical pathology abnormalities, 
definitive antemortem diagnosis requires the 
biopsy of skeletal muscle, preferably from 2-
3 locations given DIM’s multifocal 
distribution.  Recommended sites include the 
lumbar, pelvic limb, shoulder, or temporal 
regions.  Essential tissues collected from 
necropsies include esophagus, skeletal 
muscle, and heart, although lesions may be 
observed other tissues, such as the larynx in 
this case; therefore a comprehensive set of 
tissues should ideally be collected. Finally, 
given the pathogenesis is unknown, it is 
recommended to collect paired tissue 
samples that may be frozen and used in future 
studies.5 

 
Figure 1-5.  Esophagus, ferret.  Esophagus from a 
ferret with DIM versus normal control (top). There is 
multifocal pallor and thinning of the skeletal muscle, 
most prominently in the distal esophagus. (Photo 
courtesy of Dr. Michael Garner, Northwest 
Zoopath.) 
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Two diseases with similar clinical and 
pathologic features that are also commonly 
fatal in this species include ferret systemic 
coronavirus infection and mycobacteriosis.2 

 

Ferret systemic coronavirus (FSCV) 
infections were first recognized around 2003, 
during the same time period as initial cases 
now known as DIM were reported. FSCV 
causes gross and histologic lesions identical 
to those of feline infectious peritonitis, which 
arise as the result of systemic pyogran-
ulomatous inflammation, vasculitis, and 
necrosis that predominantly targets visceral 
organs and lymph nodes. Young adult ferrets 
are most commonly affected and clinical 
signs may include intra-abdominal masses, 
lymphadenomegaly, vomiting, diarrhea, 
inappetance, dyspnea, CNS signs, and mild 
ascites (uncommon). Gross findings include 
white to tan nodules on the serosa of thoracic 
and abdominal organs, as well as within the 
parenchyma and lymph nodes.  Biopsy of 
affected tissue, typically lymph node or 
mesentery, is necessary for antemortem 
diagnosis. Immunohisto-chemical reagents 
developed for FIP may be utilized for the 
diagnosis of FSCV due to cross-reactivity. 
Interestingly, analysis FSCV’s spike protein 
indicates the virus is more closely related to 
ferret enteric coronavirus (etiologic agent of 
epizootic catarrhal enteritis) than feline 

coronaviruses, despite the nearly identical 
gross and histologic lesions shared with FIP.2  
 

In regard to mycobacteriosis, ferrets appear 
to be particularly susceptible to human, 
bovid, and avian strains of mycobacteria and 
serve as reservoir hosts, most notably in New 
Zealand where transmission of Myco-
bacterium bovis from feral ferrets to humans 
and sheep is of concern.  Mycobacterium 
avium is the most common etiology 
identified in the United States and is typically 
associated with granulomatous gastro-
enteritis, lymphadenitis, otitis, and 
meningoencephalitis with large numbers (i.e. 
multibacillary) of acid-fast bacteria within 
macrophages. Atypical mycobacteriosis may 
also occur, with very few bacteria (i.e. 
paucibacillary), most commonly being found 
extracellularly within areas of necrosis or 
surrounded by inflammatory cells. De-
pending on the tissue affected, clinical signs 
may include nasal discharge, head tilt, 
circling, vomiting, diarrhea, and enlarged 
visceral and peripheral lymph nodes.  As with 
DIM and FSCV, antemortem diagnosis 
requires biopsy of affected tissue, with 
subsequent diagnostics including acid-fast 
stains, PCR, and culture.2   
 
Given mycobacteriosis shares some similar 
clinical and pathologic features with DIM 
and FECV, one should consider risk of 
potential zoonotic infection during tissue 
collection and handing in cases suspected of 
the two latter entities.2   Additional sections 
submitted with this case were subjected to a 
battery of stains including acid-fast, Gram, 
Grocott’s methenamine silver, and periodic 
acid-Schiff. No infectious agents were 
identified, further supporting the diagnosis of 
DIM. 
 
Conference participants discussed the 
temporal characterization of inflammation in 
this case given neutrophilic inflammation is 

 
Figure 1-6.  Skeletal muscle, hindlimb, ferret.  There 
is marked skeletal muscle wasting and pallor in the 
affected leg (left; normal control at right) (Photo 
courtesy of Dr. Michael Garner, Northwest 
Zoopath) 



6 
 

generally associated with an acute process.  It 
is unknown why neutrophils are the 
predominant inflammatory cell associated 
with DIM despite being a chronic process.  
However, histologic features such as skeletal 
muscle atrophy and fibrosis are also common 
features of DIM and consistent with a chronic 
inflammatory process.  Therefore, confer-
ence participants favored the temporal 
modifier of "chronic-active".   
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CASE II: SP-18-1795 (JPC 4117534) 
 
Signalment:  
4-year-old female marine toad (Rhinella 
marina) 
 

History:  
The toad had a coelomic mass of unknown 
duration. 
 
Gross Pathology:  
This toad had an approximately 3 cm 
encapsulated mass present on the left ovary, 
as well as a 1.5 cm subcutaneous mass.  
 
Laboratory Results:  
Numerous Brucella spp. were isolated from 
the ovarian mass. Brucella isolates were 
identified to the genus level using matrix-
assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS). 
Partial 16s rDNA sequencing was performed 
and confirmed a Brucella inopinata- like spp.  
 
Microscopic Description: 
Effacing the normal ovarian architecture and 
compressing normal ova is a large mass 
primarily composed of sheets of histiocytes 
mixed with scattered lymphocytes and 
heterophils. There are multifocal to 
coalescing areas of necrosis characterized by 
degenerate cells with pyknotic nuclei and 
eosinophilic and karyorrhectic cellular 
debris. Contained within the cytoplasm of 
histiocytes and often freely within necrotic 
foci are numerous gram-negative 1-2 um 
diameter small bacilli. Surrounding necrotic 
areas are large numbers of reactive 
fibroblasts and epithelial macrophages 
interspersed by bands of collagen. The ovary 
contains abundant multifocal melanin 
pigment. Organisms are acid fast-negative.  
 
Contributor’s Morphologic Diagnoses:  
Ovary: Granulomatous oophoritis with 
numerous intracytoplasmic gram-negative 
bacilli. 
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Contributor’s Comment: 
Brucella spp. are an important worldwide 
zoonotic pathogens of both human and 
veterinary medical significance. This genus 
was previous classified into six “classical” 
species based on preferential mammalian 
hosts including Brucella melitensis (goats), 
Brucella suis (suidae), Brucella abortus 
(cows), Brucella ovis (sheep), Brucella canis  
 (dogs), and Brucella neotomae (desert rats).5 
Newly identified marine mammal species 
include Brucella ceti (cetaceae) and Brucella 
pinnipedialis (pinnipeds).3 More recently, 
‘atypical’ Brucella strains have been isolated 
from non-mammalian hosts including 
amphibians; a big-eyed tree frog, several 
African bullfrogs, a White’s tree frog and a 
Pac-Man frog,1,2,8 however to the best of our 
knowledge, have not been previously 
described in toads.   
 

Brucella spp. are facultative intracellular 
bacteria which exhibit a variety of lesions in 
amphibians, ranging from localized mani-
festations (e.g. subcutaneous abscess, skin 
lesions, swollen paravertebral ganglia, 
panopthalmitis) to systemic infection with 
high mortality in zoological exhibitions.6 In 
some species, however, the lack of 
pathogenic lesions suggests that Brucella 
spp. may be a commensal microorganism or 
at least a facultative pathogen. The precise 
epidemiology and pathogenesis of 
brucellosis in amphibians remains largely 
unknown, and limited data is available for the 
zoonotic potential of novel or ‘atypical’ 
members of the Brucella genus.  
 
The marine toad, also known as the cane toad, 
is considered to be the most widely 
introduced species in the world (Global 
Invasive Species Database. 
http://www.iucngisd.org/gisd). Originally 

 
Figure 2-1. Ovary, marine toad: A large inflammatory nodule with a central area of necrosis expands the ovary. (HE, 
5X) 
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used to control insect pests of sugarcane and 
other crops, it is now considered to be a pest 
species itself as it preys on and outcompetes  
native amphibians. Its toxic secretions 
(bufotoxin) are known to cause illness and 
death in dogs, cats, wildlife, and humans. 
This particular female toad and her mate were 
used in a zoo outreach and education 
program. Due to the unknown zoonotic 
disease risk of Brucella inopinata- like spp. 
in humans, all exposed personnel were 
administered prophylactic antibiotics. This 
animal and two others from the same 
shipment were culled. One of the other 
animals was also infected with Brucella 
inopinata- like spp. 
 
Contributing Institution:  
Michigan State University Veterinary 
Diagnostic Laboratory 
College of Veterinary Medicine  
4125 Beaumont Road, Lansing, MI 48910 
Phone: (517) 353-1683 
animalhealth.msu.edu 
 
 

JPC Diagnosis: 
Ovary:  Granuloma, focal.  

JPC Comment:  
As noted by the contributor, this case 
represents one of multiple recent discoveries 
of Brucella spp. in non-domestic species, 
particularly amphibians. Brucella sp. are 
small (0.6 µm x 0.6-1.5 µm) gram-negative 
bacilli or coccobacilli that are typically 
intracellular, associated with chronic 
infections and abortion in both domestic and 
wildlife species.6   
 

Host adapted species of Brucella have been 
emerging for millennia since the domes-
tication of canines and ungulates. However, 
the disease now known as brucellosis was not 
identified until British Royal Army Medical 
Corps officers serving on the island of Malta 
during the 1850s noted British servicemen 
were developing fevers of unknown origin. In 
1861, Dr. Jeffrey Alan  

 
Figure 2-2. Ovary, marine toad: The inflammatory nodules is composed of innumerable macrophages, admixed 
with fewer lymphocytes, rare granulocytes, and abundant cellular debris. (HE, 333X) 
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Marston, a British Army surgeon, described 
the features of typhoid fever, differentiating  
it from the ‘Undulant Fever’ he observed on 
Malta during the previous decade.  Over two 
decades later, David Bruce and Lady Bruce, 
with the assistance of Guiseppe Caruna 
Scicluna, first cultured and discovered the 
genus now known as Brucella.  However, the 
source and route of infection remained 
unknown until Dr. Themistocles Zammit, a 
Maltese microbiologist, discovered the 
bacteria in the urine, blood, and milk of goats 
on the island in 1904. Further investigation 
found approximately 50% of Maltese goats to  
 be seropositive, with approximately 10% 
secreting the pathogen into the milk. This 
was significant given the British military 
procured goat milk for consumption by its 
service members. The British military 
subsequently banned procurement of goat 
milk in 1906, resulting in a drop from 3631 
cases between 1900 and 1906 to only 21 in 
1907 and zero by 1909. Despite this early 
success, brucellosis persisted on Malta until 
the island was finally declared brucellosis 
free in 2005, nearly a century after Zammit’s 

discoveries.  This issue was largely due to 
approximately two-thirds of the goats on the 
island belonging to back-yard breeders with 
only one or two goats and exempt from or 
failed to cooperate with government driven 
eradication efforts.9   
 
As noted by the contributor, Brucella sp. may 
be classified as ‘typical’ or ‘atypical’, with 
the former representing ‘classical’ or ‘core’ 
species such as B. melitensis as well as 
additional species such as B. pinnipedialis, B. 
ceti, and B. papionis that share >99% of the 
genome with identical or nearly identical 16S 
rRNA and recA gene sequences.  In contrast, 
atypical species remain within the proposed 
species boundary of 95-96% nucleotide 
similarity but resemble members of genus 
Ochrobactrum, the nearest genetic neighbor 
within family Brucellaceae.  Atypical species 
are often motile due to the presence of 
flagella and also demonstrate an increased 
ability to survive in low pH environments due 
to the presence of a glutamate decarboxylase-
dependent system, a useful marker for 

 
Figure 2-3. Ovary, marine toad. Macrophages are filled with gram-negative bacilli (Brown Hopps, 400X) 
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distinguishing between typical and atypical 
genera.6 

 

The similarity between atypical Brucella sp. 
and Ochrobactrum sp. has resulted in the 
former being misidentified as the latter when 
rapid identification techniques (e.g. API® 

20NE test strips) are utilized.  Ochrabactrum 
anthropi is an opportunistic pathogen 
associated with severe Brucella-like disease 
in immunocompromised patients and is 
closely related to Brucella sp. Therefore, 
real-time or conventional PCR targeting the 
IS711 insertion sequence common to all 
Brucella species or 16S rRNA sequencing 
should be considered following the diagnosis 
of Ochrobacterum sp. by conventional 
methods to rule out atypical Brucella.4 

 

It is currently unknown if amphibian 
brucellosis occurs as the result of a 
commensal or facultative pathogen or as the 
result of direct pathogenicity. Furthermore, 
host species, geographic range, and range of 
affected species are currently unknown.  
Including this case, atypical Brucella isolates 
have been identified in at least ten amphibian 
species native to North and South America, 
Australia, and Africa. These isolates were 
obtained from zoologic collections (as in this 
case), wild caught specimens, private 
breeders, and pet stores. Given the 
emergence of brucellosis within amphibians, 
personnel responsible for care and treatment 
of these animals should not only be aware of 
the risk of brucellosis as a cause of morbidity 
and mortality in these species, but also the 
potential risk of zoonotic infection, though no 
reports of transmission have been reported.4 

 

Based on the moderator's experience, anuran 
brucellosis frequently manifests as a 
musculoskeletal abscess associated with 
spherical foci of discoloration of the 
overlying skin, although coelomitis, and/or 

visceral abscesses may also be seen, such as 
in this case.   
 
Brucella sp. in this case are readily identified 
using Gram stains (i.e. Brown-Hopps), 
however, this gram-negative organism is 
often poorly discernable in tissue sections 
stained with both standard histochemical 
stains such as hematoxylin and eosin (H&E) 
as well as Gram stains. The moderator 
suggested performing acid-fast stains in such 
cases to exclude mycobacteria (which can 
cause similar lesions), followed by PCR as 
previously described.  
 
Although intrahistocytic eosinophilic mater-
ial is present within macrophages, parti-
cipants agreed that coccobacilli could not be 
readily identified on H&E stained sections 
and therefore could not rule out other 
phagocytized material. In addition, partici-
pants preferred the morphologic diagnosis of 
"granuloma" rather than "oophoritis" due to 
the focally extensive distribution of the 
lesion, which was centered on regions of 
dropout interpreted to be necrosis, as well as 
features of granulomas, such as epithelioid 
macrophages surrounded by peripheral 
fibrosis and lymphocytes.       
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CASE III: 12-143 (JPC 4065944).   
 
Signalment:  
2 month old female snowy owl (Bubo 
scandiacus (formerly Nyctea scandiaca)) 
 
History:  
This captive bird was one of a clutch of two 
eggs hatched in the late spring.  Owl was 
vaccinated for WNV 3 weeks prior to death.  

Found dead in enclosure with no premonitory 
signs. 
 
Gross Pathology:  
At necropsy, there was mildly reduced breast 
muscle mass with a prominent keel.  There 
was mild hepatosplenomegaly. 
 
Laboratory Results:  
A blood sample obtained from the clutch 
mate was grossly watery, with a hematocrit  
of 5% (normal 38-50%).  On a smear, there 
were visible hemoparasites (including 
trophozoites, round gametocytes and rare 
schizonts) with hemozoin pigment, as well as 
polychromasia and schistocytes. 
 
Histopathologic Description: 
Submitted tissues are liver and spleen.  In the 
liver centrilobular hepatocytes are frequently 
pale and vacuolated, with dissociation of 
hepatic cords, rounded swollen hyalinized 
cells and pyknotic, karyolytic or karyorr-
hectic nuclei (centrilobular necrosis).   Large 
numbers of Kupffer cells are present in 
sinusoids.  There is abundant refractile finely 
globular brown-black pigment (hemozoin) 
with yellow-orange birefringence within 
Kupffer cells and erythrocytes. Within 
erythrocytes are frequent protozoal 

 
Figure 3-1. Spleen, liver, snowy owl. A section of 
spleen and liver from a 2-month-old snowy owl 
are presented for examination. There are no 
significant lesions at this magnification. (HE, 5X) 
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hemoparasites including trophozoites and 
round gametocytes.  Bile casts are visible in  
some large intrahepatic bile ducts. The 
splenic red pulp is markedly expanded by 
large numbers of macrophages, the majority 
of which are hemozoin-laden.  In both 
organs, erythrophagocytosis is evident. 
Autolysis is present at the margin of the 
spleen in some sections. 
 
Additional findings included perivascular 
(ring) hemorrhages in the brain with 
accumulations of macrophages in the 
Virchow-Robbins spaces (not submitted). 
 
Contributor’s Morphologic Diagnoses:  
Syndrome, hemoparasitism, malaria 

Liver and spleen, histiocytosis, diffuse, 
moderate, with intrahistiocytic hemozoin 
pigment 

Liver, centrilobular hepatocellular 
degeneration and necrosis, multifocal, acute, 
mild to moderate 

Contributor’s Comment: 
The three main erythroparasites of birds are 
Plasmodium, Leucocytozoon and Haemo-
proteus.1,2   Evaluation   of   Giemsa- stained 
blood smears is the standard for diagnosis. 
Unlike Leucocytozoon and Haemoproteus, 

Plasmodium undergoes asexual reproduction 
(merogony) in circulating erythrocytes.  Both 
Plasmodium and Haemoproteus produce 
hemozoin pigment from the digestion of host 
cell hemoglobin; Leucocytozoon does not.  
Haemoproteus forms large sausage shaped 
gametocytes that partially or completely 
envelop the erythrocyte nucleus, generally 
without displacing it; hemozoin pigment 
granules only appear late within 
development.   
 
Plasmodium are generally host adapted, 
causing subclinical infections.  Epizootics 
occur when the parasite and/or mosquito 
vector are introduced to new areas (such as 
the Hawaiian Islands), or when hosts native 
to areas that lack the parasite or requisite 
mosquito vectors are moved (classically 
penguins displayed in temperate zoos).  After 
infective sporozoites of Plasmodium are 
injected by the mosquito, the sporozoites 
invade local fibroblasts and macrophages and 
undergo asexual reproduction (merogony), 
releasing merozoites that invade macro-
phages for second generation merogony and 
dissemination.2 Second-generation mero-

 
Figure 3-2. Liver, snowy owl. There is bridging 
necrosis of centrilobular hepatocytes.  (HE, 120X) 

 
Figure 3-3. Liver, snowy owl.  Within centrilobular 
areas of the hepatic lobule, hepatocytes are 
individualize, rounded up, and pyknotic, with 
small amounts of hemorrhage and fibrin in areas 
of hepatocellular loss. Diffusely, Kupffer cells 
contain a brown black granular pigment 
(hemozoin).  (HE, 400X) 
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zoites invade capillary endothelial cells or 
hepatocytes in the liver (exoerythrocytic 
merogony). Released merozoites may re-
invade endothelium or may invade 
erythrocytes for asexual merogony or sexual 
gametogenesis.   
 
Leucocytozoon form large megalomeronts 
(megaloschizonts) in infected tissues, while 
Haemoproteus forms sinuous schizonts in 
lung capillary endothelium (both absent in 
this case). All three parasites have been 
reported in captive snowy owls.4,5  The young 
age in this bird was likely a contributing 
factor.  All three blood parasites have also 
been identified in other species of owls.6,9  
Hepatosplenomegaly with pigmentation is 
the classic gross appearance of malaria. 
 
Centrilobular hepatocellular degeneration 
and necrosis in the liver is consistent with 
ischemia secondary to severe anemia.  The 
centrilobular hepatocytes are located the 
furthest from the arterial blood supply, and 
consequently have the lowest oxygen 
delivery within the lobule.3  Paradoxically, 
these hepatocytes also have the largest 
concentration of phase I cytochrome p450s.   
 
Contributing Institution:  
Department of Comparative Medicine 
Penn State College of Medicine 
Penn State Hershey Medical Center 
http://www.hmc.psu.edu/comparativemedici
ne/ 
 
JPC Diagnosis: 
1.  Liver, spleen, macrophages and erythro-
cytes:  Hemozoin pigment. 
 
2.  Liver:  Necrosis, multifocal to coalescing, 
with hemorrhage and extramedullary 
hematopoiesis. 
 

3.  Spleen: Extramedullary hematopoiesis, 
multifocal, moderate, with erythrophago-
cytosis.  
JPC Comment:  
The contributor provides an excellent 
summary of three main erythroparasites of 
birds:  Plasmodium, Leucocytozoon and 
Haemoproteus. 
 
Avian malaria was discovered in 1885, 
shortly following Alfonse Laveran's 
discovery of protozoans as the causative 
agent of human malaria.  As a result, avians 
were subsequently utilized as the primary 
animal model for malaria research until being 
overtaken by rodents following the discovery 
of Plasmodium parasites in Central African 
rats in 1948.  By 1940, the genera responsible 
for avian malaria were separated into those 
utilized today:  Plasmodium, Haemoproteus, 
and Leukocytozoon.8  
 
In regard to Plasmodium, the parasite has 
been identified in over 800 species of birds 
and on every continent, with the exception of 
Antarctica where the mosquito vectors 
responsible for its transmission do not occur.  

 
Figure 3-4. Spleen, snowy owl. Macrophages 
within the red pulp contain abundant granular 
black brown pigment (hemozoin). (HE, 400X) 
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As noted by the contributor, species native to 
Antarctica relocated to temperate regions 
(such as penguins) are also susceptible.8  
 

 
Ronald Ross, an army surgeon working in 
India in 1898, utilized avian models to 
conclusively prove malaria’s transmission by 
mosquito vectors. Frustrated by a lack of 
willing human participants, Ross turned to 
avian models and later stated, "I should have 
been wise to have begun my researches in 
birds in 1895."  His research demonstrated 
mosquitoes were required to obtain blood 

meals from separate hosts to complete the 
cycle of transmission.  Following an initial 
blood meal from an infected host, male and 
female gametocytes ingested by the mosquito 
differentiate into gametes within the midgut  
and fuse, forming a zygote. Zygotes 
subsequently develop into motile ookinetes 
and migrate to the stomach wall where they 
form oocytes.  After several days, each 
oocyte produces thousands of sporozoites 
that eventually localize to the mosquito's 
salivary glands, ready to infect the next 
susceptible vertebrate host from which the 
mosquito takes a second blood meal. Within 
the vertebrate host, Plasmodium sp. undergo 
the lifecycle previously described by the 
contributor, which facilitates subsequent 
transmission to additional mosquitoes, 
completing the cycle of transmission.  Prior 
to this discovery, it was believed humans 
became infected by drinking water 
contaminated by dead infected mosquitoes.8   
 

 
Figure 3-5. Blood smear, snowy owl. Erythrocytes 
contain malarial trophozoites (arrow), and there 
are occasional schistocytes (arrowhead.) (Photo 
courtesy of: Department of Comparative 
Medicine, Penn State College of Medicine, Penn 
State Hershey Medical Center, 
http://www.hmc.psu.edu/comparativemedicine
/) (Wright-Giemsa, 1000X) 

As with avian species, malaria continues to 
be a scourge of the human population with 
over 40% of the world’s population at risk.  
In 2019, there were 229 million cases and 
409,000 deaths attributed to the disease, with 
children most commonly affected.  Dozens of 
species within genus Plasmodium have been 
identified within avian species while five are 
known to be pathogenic in humans: P. 
falciparum, vivax, ovale, malariae, and 
occasionally knowlesi.  Amongst these five 
species, P. falciparum is the most prevalent 
and is often fatal.7 

 
Figure 3-6. Blood smear, snowy owl.  Erythrocytes 
contain hemozoin pigment (arrow), and there are 
occasional schistocytes (arrowhead). (Photo 
courtesy of: Department of Comparative 
Medicine, Penn State College of Medicine, Penn 
State Hershey Medical Center, 
http://www.hmc.psu.edu/comparativemedicine
/) (Wright-Giemsa, 1000X) 

about:blank
about:blank
about:blank
about:blank


15 
 

Due to the disruption of quinine supplies 
from Indonesia during World War I, avians 
were utilized as the first animal models for 
the development of synthetic antimalarial 
medications such as plasmoquin and atabrin.  
In addition, early research in regard to 
development of antimalarial resistance was 
conducted during the 1920s and 1930s by 
administering gradually increasing doses of 
the medications to infected canaries.8    
 
A hallmark feature of malaria is the presence 
of black pigment (hemozoin) in tissue 
sections, which was first noted by Meckel in 
1847 in post-mortem blood and splenic 
samples.  Virchow attributed this pigment to 
malaria two years later. The pigment was 
believed to be hematin (ferriprotoporphyrin 
IX hydroxide) until Carbone identified 
spectroscopic differences between hematin 
and hemozoin in 1891.  Ronald Ross, whose 
aforementioned efforts proved the 
transmission cycle between mosquitoes and 
vertebrates, identified the pigment within the 
mosquitoes in 1897, further supporting the 
insect’s role as a vector.7   
 

Hemozoin plays a significant role in the 
survival of Plasmodium sp. The organism 
digests up to 75% of the hemoglobin within 
erythrocytes, resulting in the release of free 
heme (FeII-protoporphyrin IX) which left 
unsequestered induces the formation of free 
radicals as the result of free iron and the 
Fenton reaction. However, the parasite 
neutralizes this threat by dimerizing heme to 
form Fe III-protoporphyrin, which is then 
stored in insoluble sub-micron sized 
hemozoin crystals in parasitic digestive 
vacuoles.  Interestingly, quinolines and other 
antimalarials inhibit the formation of 
hemozoin within the digestive vacuole, 
which eventually perforates with spillage of 
toxic substances such as iron into the 
parasite's cytoplasm.7   
 
During the conference, participants discussed 
the significance of hemozoin pigment in 
tissue sections such as in this case.  Although 
the presence of hemozoin significantly 
increases the index of suspicion of avian 
malaria, the pigment is not a pathognomonic 
lesion. As noted by the moderator, the 
parasite is often difficult to identify in tissue 
sections and advanced diagnostics, such as 
PCR, are often required for definitive 
diagnosis. 
 
There was spirited discussion amongst 
participants in regard to the pattern of 
distribution of hepatic necrosis in this case, 
with multifocal to coalescing being preferred 
over centrilobular by a majority participants.  
However, the pathogenesis associated with 
this pattern of distribution is unclear given 
the most likely underlying cause of hepatic 
necrosis in this case is hypoxia secondary to 
anemia, which is typically associated with 
centrilobular necrosis.  Although this pattern 
may have manifested as the result of a 
comorbidity, a battery of histochemical stains 
including Gram, acid-fast, Giemsa, periodic 
acid-Schiff, and rhodanine did not reveal 

 
Figure 3-7. Blood smear, snowy owl.  There is 
marked polychromasia.  (Photo courtesy of: 
Department of Comparative Medicine, Penn State 
College of Medicine, Penn State Hershey Medical 
Center, 
http://www.hmc.psu.edu/comparativemedicine
/) (Wright-Giemsa, 1000X) 
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additional significant findings in examined 
sections.   
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CASE IV: N2017-0533 (JPC 4117674). 
 
Signalment:  
Juvenile, undetermined sex, tentacled 
snake (Erpeton tentaculatum) 
 
History:  
Multifocal skin bumps were noticed on the 
skin of a juvenile tentacled snake, and two 
days later the snake was found dead. 
 
Gross Pathology:  
Along the skin, predominantly along the 
caudal half of the body, are dozens of 
multifocal, 0.1 cm to 0.2 cm, white to tan, soft 
to gritty, variably raised up to 0.1 cm, 
exophytic foci. On cut section these foci are 
limited to the scaled skin and do not involve 
subjacent tissue. 
 
 

 
Figure 4-1. Scaled skin, tentacled snake.  
Multifocally, along the dorsal midline, there is 
partial to full thickness epidermal necrosis with 
replacement by an eosinophilic coagulum 
(arrows). (HE, 5X)  



17 
 

Laboratory Results:  
Cytology: A touch impression of a skin lesion 
stained with Diff-Quik shows small 
aggregates of amorphous purple-staining 
keratinaceous debris mixed with numerous 
oval to pyriform conidia, rare elongating 
hyphal forms, and moderate mixed, 
extracellular bacteria (predominately bacilli 
with few cocci). 
 
A fresh-frozen sample of the skin lesions was 
PCR positive for fungus at the Zoological 
Medicine and Wildlife Disease Laboratory at 
the University of Florida, and direct 

sequencing identified Paranannizziopsis 
australasiensis. 
  
Microscopic Description: 
Scaled skin: Multifocally, there is mild to 
marked expansion and replacement of the 
epidermis by dense, brightly eosinophilic, 
degenerate heterophils, necrotic debris, 
degenerate keratin and variably discernable 
shrunken or vacuolated keratinocytes with 
pyknotic nuclei. Within the necroinflamm-
atory crusts are moderate numbers of 
non-pigmented fungal hyphae, approx.-
imately 3-5 µm wide, with parallel walls, 
regular septa, and frequent acute to right 
angle branching. Along the surface and often 
elevating the beta-keratin, are small to 
moderate numbers of oval-shaped conidia, 
approximately 2 x 4 µm. Small to moderate 
numbers of mixed bacilli and cocci bacteria, 
and occasional foreign debris are also present 
along the epidermal surface. The adjacent 
epidermis is moderately hyperplastic with 
mild to moderate intracellular edema and low 
numbers of infiltrating heterophils. 
Frequently, there is segmental retention of 

 
Figure 4-2. Scaled skin, tentacled snake.  Higher 
magnification of epidermal necrosis extending 
into the deeper germinative layers   (HE, 89X) 

 
Figure 4-3. Scaled skin, tentacled snake. High magnification of the necrotic coagulum demonstrating large 
numbers of fungal hyphae, which form a mat at the surface of the necrotic material (arrow). (HE 381X) 
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the outer epithelial generation with a 
vacuolated lacunar tissue of outer generation, 
and separation from the beta-layer of inner 
generation (dysecdysis). Within the inner 
epidermis there is mild vacuolation of basal 
keratinocytes and occasional, mild, inter-
cellular edema. The dermis is infiltrated by 
small to moderate numbers of heterophils, 
and small numbers of perivascular to 
interstitial lymphocytes and histiocytes. 
 
Contributor’s Morphologic Diagnoses:  
Scaled skin: Epidermitis, heterophilic and 
necrotizing, multifocal, chronic, moderate 
with moderate numbers of intralesional 
fungal hyphae and conidia, moderate mixed 
superficial bacteria, moderate epidermal 
hyperplasia, mild lymphohistiocytic  
dermatitis, and mild to moderate dysecdysis. 
 
Contributor’s Comment:  
This case demonstrates a mycotic dermatitis 
(dermatomyosis) caused by Paranan-
nizziopsis australasiensis. While previously 
known under the name Chrysosporium 
anamorph of Nannizziopsis vriesii (CANV), 

more recent phylogenetic studies have 
separated CANV into the genera 
Nannizziopsis, Ophidiomyces and Paranan-
nizziopsis.6,8 Multiple different species of 
these genera are important causes of 
dermatitis in reptiles. Two of the more widely 
reported members of these genera include 
Nannizziopsis guarroi, the primary agent in 
"yellow fungus disease", a deep gran-
ulomatous dermatomycosis affecting beard-
ed dragons, and Ophidiomyces ophiodiicola 
the causative agent of snake fungal disease 
(SFD). SFD is an important cause of 
morbidity and mortality in both captive and 
wild snakes, and is recognized as a major 
threat to wild snakes in the north central and 
northeastern United States.3,6 

 

The fungus Paranannizziopsis australa-
siensis, has been recognized as a cause of 
dermatitis in reptiles (snakes, lizards and 
tuataras) in New Zealand and Australia; 
however, it has not been previously reported 
in North America.1,2,5 Other Paranan-
nizziopsis spp. (P. californiensis, P. 
crustacea, and P. longispora) are reported to 

 
Figure 4-4. High magnification of numerous arthroconidia and septate fungal hyphae of paranannizziopsis 
australensis. (HE, 1000X) 



19 
 

cause dermatitis in captive tentacled snakes 
in North America and are a significant 
infectious disease.6 
 
All species in the Nannizziopsiaceae family 
produce single-celled aleurioconidia, and 
most species additionally produce arthro-
conidia. The production of conidia differs 
between fungal species and between in vitro 
versus in vivo environments.  Aleurioconidia 
can take multiple shapes (e.g., oval, pyriform, 
clavate), whereas arthroconidia are 
classically cylindrical and appear rectangular 
on side view.6,8 In culture, P. australasiensis 
is reported to produce pyriform to clavate 
aleurioconidia and occasional arthroconidia.8 

 
Dermatomycosis in snakes can result in 
extensive disruption of the skin with 
subsequent secondary bacterial infections, 
dysecdysis, and osmotic imbalances. Aquatic 
snakes, such as tentacle snakes, may be 
particularly susceptible to osmotic 
imbalances associated with cutaneous 

lesions.1 Additionally, lesions on the head 
and around the mouth, which have been 
reported to be particularly severe with 
Ophidiomyces ophiodiicola, can result in 
facial deformity and emaciation.3,6 

 
Contributing Institution:  
https://www.wcs.org/  
 
JPC Diagnosis:  
Scaled skin:  Epidermitis, necrotizing, multi-
focal, marked with numerous fungal hyphae 
and arthroconidia. 
 
 JPC Comment:  
The contributor provides an excellent 
overview of three significant causes of 
mycotic dermatitis in reptiles formerly 
classified as Chrysosporium anamorph of 
Nannizziopsis vriesii (CANV).  In addition to 
snakes, these etiologies have been reported in 
multiple species including crocodilians, 
lizards, and tuataras.9   

 
Figure 4-5. Scaled skin, tentacle snake.  A GMS stain best demonstrates the numbers and morophology of 
arthroconidia and septate fungal hyphae of Paranannizziopsis australensis. (HE, 1000X) 

about:blank
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Tentacled snakes (Erpeton tentaculatum) are 
an aquatic species commonly sought by 
zoological collections for exhibits due to 
their unique appearance and feeding 
behavior.  A 2021 review4 of 125 pathology 
reports of tentacled snakes at multiple New 
York City zoos between 1966 and 2017 
found over half the deaths in this species were 
attributed to infectious disease. Over half 
(n=40) of these deaths were due to fungal 
dermatitis, with the majority of cases of 
fungal dermatitis demonstrating histo-
morphology consistent with Paranan-
nizziopsis spp.  Fungal dermatitis was 
followed by bacterial infection as a common 
cause of death (n=21), with 7 of these cases 
attributed to Mycobacterium spp.4   
 
In addition to the species previously listed by 
the contributor, an additional species (P. 
tardicrescens) has been identified following 
the submission of this case to the WSC in 
2018.  Before this discovery, North American 
cases were restricted to only captive tentacle 
snakes with identified species included P. 
crustacea, P. californiensis, P. longispora, 
and P. australasiensis. Although the newly 
identified P. tardicrescens was identified in 
two tentacle snakes, the pathogen was also 
identified in two additional snake species, a 
Wagler’s viper (Tropidolamemus wagleri) 
and a rhinoceros snake (Rhynchophis 
boulengeri) that had been housed in the same 
room prior to developing lesions.  Although 
the source and route of transmission with 
these cases is unknown, a misting system 
servicing terrestrial aquaria adjacent to 
tentacled snake enclosure may have 
inadvertently resulted in the pathogen’s 
distribution via water droplets.  Given this 
finding, it is suspected P. tardicrescens is 
capable of spreading via fomites, 
highlighting the need for basic but strict 
biosecurity measures such as cleaning and 
disinfecting tools, workspaces, scales, as well 
as wearing and changing gloves between 

enclosures and hand washing.  In addition, 
the water in both tentacled snake enclosures 
was found to have a pH of >7, which may 
have predisposed these snakes to infection.  
Wild tentacle snakes are typically found in 
slightly acidic water which is ideally 
mimicked in captivity by maintaining a pH 
range of of 6.0-6.5.7     
 
P. tardicrescens is unique from other 
Paranannizziopsis species in that it 
demonstrates a variable growth pattern when 
cultured at 35ºC depending on the medium 
while other species now no growth or strong 
growth restriction.  Additional distinguishing 
features of P. tardicrescens include the 
production of urease and lack of undulate 
hyphal branches.  In contrast, both P. 
australasiensis and P. californiensis are 
weak urease producers and P. crustacea has 
undulant hyphal branches.7 

 

Although Nannizziopsis, Ophidiomyces, 
and Paranannizziopsis have been found to 
infect multiple reptilian species, they have 
not been found to infect aquatic turtles 
(order Testudines). However, another not-
able species within fungal order Onygenales 
is Emydomyces testavorans. This species was 
recently identified following its isolation 
from ulcerative shell lesions of freshwater 
aquatic turtles, including a variety of 
zoological collections as well as wild western 
pond turtles (Actinemys marmorata) in 
Washington State.  E. testavorans forms 
narrow, septate hyphae similar to 
Nannizziopsis, Ophidiomyces,and Parananni
zziopsis, however, arthroco-nidia are not 
observed in sections of shell or tissue lesions.  
In addition, conidia formed in culture are 
smaller than those of the previously 
described fungi.9 
 

The moderator noted tentacle snakes infected 
with Paranannizziopsis spp. most commonly 
develop facial lesions whereas the previously 
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described Wagler's viper and rhinocerous 
snakes developed lesions on the lateral aspect 
of the body.  In addition, the most common 
cause of death of tentacle snakes infected 
with this entity is drowning. 
 
The subject of dysecdysis (abnormal or 
impaired shedding of skin) was a topic of 
discussion amongst participants in while 
discussing this case.  The prevailing opinion 
amongst the majority was dysecdysis could 
not be differentiated from ecdysis (the 
normal periodic process of sloughing and 
renewal of skin) due to lack of more 
definitive features such as inflammation 
associated with retained outer generational 
layers of skin.    
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1. Inflammation of the muscularis of which of the following organs is considered an important 

histologic finding for the diagnosis of disseminated inflammatory myositis in ferrets? 

a. Esophagus 

b. Stomach 

c. Urinary bladder 

d. Colon 

 

2. Which of the following is not considered one of the six “classical” species of Brucella? 

a. B. neotomae 

b. B. ceti 

c. B. melitensis 

d. B. suis 

 

3. Which of the following does not produce hemozoin pigment within hepatocytes? 

a. Plasmodium sp 

b. Leucocytozoon sp 

c. Haemoproteus sp. 

 

4. Which of the following stains is the most useful in evaluating peripheral blood smears of birds 

for malarial parasites? 

a. Giemsa 

b. Toluidine blue 

c. New methylene blue 

d. Gram stain  

 

5. Which of the following is a significant pathogen of bearded dragons? 

a. Ophidiomyces ophiodiicola 

b. Nannizziopsis guarroi 

c. Paranannizziopsis australensis 

d. Paranannizziopsis californiensis 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2021-2022 Wednesday Slide Conference. This 



RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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   WEDNESDAY SLIDE CONFERENCE 2021-2022 

  C o n f e r e n c e 21       30 March 2022 
 

CASE I: 1326 (JPC 4118329) 
 
Signalment:  
Adult, female, cynomolgus macaque 
(Macaca fascicularis) 
 
History:  
This macaque was part of the primate colony 
at USAMRIID and was awaiting assignment 
to a research study.  Although it was at 
USAMRIID for several months and had no 
history of clinical disease during this time, it 
was suddenly noticed to have weakness of the 
left arm and left leg. Further physical 
examination revealed an approximately 3 cm 
X 2.5 cm open wound on the back of its neck 
with a purulent discharge. Routine aerobic 
bacterial cultures of the wound yielded 
Staphylococcus aureus and other unremark-
able species of bacteria. There appeared to be 
a fistulous tract on the neck that extended into 
the cervical spine and radiographs of this area 
revealed that several cervical vertebrae had 
“mottled” areas of decreased bone density.  
Because of the overall poor prognosis for this 
animal and its unsuitability for use in a 
research protocol, euthanasia was performed.  
 
This monkey was being kept in a primate 
research colony that is under the purview of 
an Institutional Animal Care and Use 
Committee (IACUC) and this research 

colony is maintained in compliance with the 
Animal Welfare Act, PHS Policy, and other 
federal statutes and regulations relating to 
animals and experiments involving animals. 
The facility where this primate colony is kept 
is accredited by the Association for 
Assessment and Accreditation of Laboratory 
Animal Care, International and adheres to 
principles stated in the 8th edition of the 
Guide for the Care and Use of Laboratory 
Animals, National Research Council, 2011. 
 
Gross Pathology:  
At necropsy, there was a tan purulent exudate 
that emanated from the wound on the right 
dorsal area of the neck.  A fistulous tract 
extended from the open skin wound into the  

 
Figure 1-1. Cervical vertebra, cynomolgus macaque:  
Oblique sections of a cervical vertebrae are submitted 
for examination.  (HE, 6X) 
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underlying muscles and cervical vertebrae 
and appeared to also involve the cervical 
spinal cord. 
 
An approximately 1 cm diameter white 
nodule was present in the left superior lung 
lobe and multiple pinpoint white foci were 
noted throughout the spleen and liver. 
 
Laboratory Results: 
None submitted.  
  
Microscopic Description: 
Cervical vertebrae (4 sections): Within the 
bone marrow, there are multifocal and 
coalescing cellular infiltrates composed of 
neutrophils, macrophages (primarily epi-
thelioid), and multinucleated giant cells.  
There is often caseous necrosis in the centers 
of these infiltrates and fibroplasia is present 
multifocally around the periphery of the 
infiltrates. There is multifocal necrosis and/or 
resorption of bone spicules within the 
marrow cavities, as well as multifocal 
periosteal new bone formation and fibrosis 

along the outer margins of the vertebral 
cortices.   
 
Contributor’s Morphologic Diagnoses:  
Cervical vertebrae; multifocal and coalescing 
chronic pyogranulomatous osteomyelitis, 
moderate to marked, with bone resorption, 
bone remodeling, and periosteal new bone 
formation. 
 
Contributor’s Comment: 
In addition to the lesions present in the 
cervical vertebrae, granulomatous and/or 
pyogranulomatous lesions were found in the 
adjacent soft tissues around these vertebrae 
and in the lungs, liver, spleen, kidneys, 
femoral bone marrow, and left eye.  Acid-fast 
stains were then performed and revealed low 
numbers of intracellular and extracellular 
acid-fast bacteria within the lungs, liver, 
cervical bone marrow, and skin overlying the 
cervical vertebrae.   
 
This macaque had repeatedly tested negative 
for tuberculosis using intradermal tuberculin. 
The most recent test had been administered  

 
Figure 1-2. Cervical vertebra, cynomolgus macaque:  Multifocally, the marrow is replaced by variably-sized, poorly formed 
granulomas which contain innumerable epithelioid macrophages, contain central areas of caseous necrosis and numerous 
Langhans and foreign body multinucleated giant cells  (HE, 160X)  
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approximately 3.5 months before the monkey 
was euthanized. However, based on the 
histologic findings, a mycobacterial infection 
was strongly suspected.  Unfortunately, there 
were no fresh tissue samples available then 
for microbial culture. Formalin-fixed 
paraffin-embedded samples of lung were 
submitted to the National Veterinary Services 
Laboratory in Ames, Iowa for testing by PCR 
and these results were positive for organisms 
in the Mycobacterium tuberculosis complex 
but negative for organisms in the Myco-
bacterium avium complex (A. Lehmkuhl, 
pers. comm.).  
 
The Mycobacterium tuberculosis complex 
consists of several species of closely related 
bacteria in the genus Mycobacterium, 
including M. tuberculosis, M. bovis, M. 
africanum, M. caprae, and M. microti.  The 
Mycobacterium avium complex includes M. 
avium, M. intracellulare, and M. chimera.  
The causative agent of Johne’s disease in 
ruminants is currently classified as a 
subspecies of M. avium (i.e. Mycobacterium 
avium subspecies paratuberculosis).   
 
Immunofluorescence assays were then 
performed “in-house” at USAMRIID on 
formalin-fixed paraffin-embedded sections 
of lung using a commercially-available rabbit 
polyclonal antibody (Abcam ab43019) that 
specifically detects Mycobacterium tuber-
culosis antigen “Ag85B”. Low numbers of 

immunofluorescent bacteria were detected in 
the lung granulomas.    
 
Based on the test results, we concluded that 
this monkey was infected with Myco-
bacterium tuberculosis rather than another 
bacterial species in this “complex”. Follow-
up surveillance and testing of other macaques 
that had been exposed to this index case 
revealed additional affected animals and 
some of these have been culture-positive for 
M. tuberculosis.  
 
Tuberculosis in humans (and macaques) is 
usually caused by M. tuberculosis although 
infection with M. bovis in humans was also 
common before pasteurization of milk as 
well as testing and culling of TB-positive 
dairy cows became standard practices.4  
Human tuberculosis is primarily a disease of 
the respiratory tract.4 However, secondary 
infection of vertebrae can occur due to direct 
spread from the thorax or as a sequela to 
bacteremia.3,4,6  The thoracic vertebrae are 
most commonly affected, with lumbar and/or 
cervical vertebrae less commonly affected.3  
Cases of spinal tuberculosis were described 

 
Figure 1-3. Cervical vertebra, cynomolgus macaque:  
Higher magnification of a granuloma, demonstrating 
both foreign body and Langhans-type giant cells.  (HE, 
402X) 

 
Figure 1-4. Cervical vertebrae, cynomolgus macaque.  A 
single acid-fast bacillus is present within a cytoplasmic 
vacuole within a Langhans-type giant cell.  (Ziehl-
Neelsen, 600X) (Photo courtesy of:  U.S. Army Medical 
Research Institute of Infectious Diseases (USAMRIID), 
Pathology Division, 1425 Porter Street, Fort Detrick, 
MD 21702-5011, http://www.usamriid.army.mil/) 
 

http://www.usamriid.army.mil/
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in detail in a 1779 publication by Sir Percival 
Pott.1  Consequently, spinal tuberculosis in 
humans became known as “Pott Disease” or 
“Pott’s Disease”.2-4,6   Another common term 
for this condition is tuberculous spondylitis.3  
The chronic osteomyelitis often results in 
destruction and collapse of vertebral bodies 
causing spinal cord damage and neurologic 
signs (“Pott’s paraplegia”).2,3  It is interesting 
to note that the initial clinical signs that this 
cynomolgus macaque presented were 
weakness and movement difficulties involv-
ing its left arm and left leg.   
 
Deformation of the spinal column in chronic 
cases of Pott’s Disease often caused affected 
humans to have a “hunchback” appearance.2,3  
It is believed that observing victims of Pott’s 
Disease inspired Victor Hugo to create the 
character of “Quasimodo” for his novel “The 
Hunchback of Notre Dame”.6   
 
Contributing Institution:  
U.S. Army Medical Research Institute of 
Infectious Diseases (USAMRIID) 
Pathology Division 
1425 Porter Street 
Fort Detrick, MD 21702-5011.  
http://www.usamriid.army.mil/ 
 
JPC Diagnosis:  
Cervical vertebrae:  Discospondylitis, 
pyogranulomatous, multifocal to coalescing, 
marked, with periosteal new bone formation. 

JPC Comment:  
The contributor provides a concise review of 
spinal tuberculosis, which represents 1-2% of 
all tuberculosis cases in humans and is the 
most common site of musculoskeletal 
infection with this entity. Although Pott 
described the manifestations of spinal 
tuberculosis in 1779, it has been identified in 
Egyptian mummies dated before 3300 BC, 
making it one of the oldest diseases known.  
Despite being an ancient disease, 
tuberculosis continues to be a significant 

public health issue with 10.4 million new 
cases reported worldwide in 2015.  In regard 
to spinal tuberculosis specifically, the highest 
incidence is in impoverished populations, 
most commonly affecting young adults and 
children. Another significant risk factor for 
tuberculosis is HIV co-infection, which 
results in suppression of CD4+ lymphocytes 
and degraded cellular immunity.  In addition, 
Chinese patients with the FokI polymorphism 
in the vitamin-D receptor gene are 
predisposed to spinal tuberculosis.1 

 

M. tuberculosis is readily phagocytized by 
macrophages once it enters the body, where 
it is resistant to intracellular digestion by 
preventing phagosome-lysosome fusion.  
This feat is accomplished by recruiting a host 
protein known as coronin, which prevents 
fusion of these organelles by activating 
phosphatase calcineurin.  The organism then 
replicates within macrophages until pattern 
recognition receptors, such as TLR2 and 
TLR9, bind substances such as mycobacterial 
lipoarabinomannan and unmethylated CpG 
nucleotides.  This in turn initiates a Th1 
inflammatory response, which most notably 
results in the production of IFN-γ by CD4+ 
lymphocytes.  IFN-γ is essential for the 
containment of M. tuberculosis for multiple 

 
Figure 1-5. Cervical vertebra, cynomolgus macaque: 
The cortex of the ventral vertebral body is thickened by 
perpendicularly arrayed trabeculae of woven bone 
arising from the hypercellular periosteum. There is 
fibrosis which extends into surrounding adipose tissue 
and atrophic skeletal muscle. 
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reasons, including 1) stimulation of 
phagolysosome maturation in infected 
macrophages, 2) stimulation of inducible 
nitric oxide synthase, resulting in the creation 
of reactive nitrogen intermediates, 3) 
mobilization of antimicrobial peptides 
(defensins), and 4) stimulation of increased 
autophagy, which is essential for the 
destruction of intracellular bacteria.4  
 
As noted by the contributor, the M. 
tuberculosis may disseminate to the vertebrae 
by either direct or hematogenous routes. 
Vertebrae are particularly vulnerable to the 
latter due to the presence of rich vascular 
plexuses formed in the subchondral regions 
supplied by the posterior and anterior spinal 
arteries.  The osteomyelitis that occurs 
following colonization initially causes 
paradiscal destruction of the vertebral body; 
the disc typically remains intact until late in 
the disease process. Neurologic sequelae 
typically manifest late in the disease process, 
as the result of spinal compression secondary 
to kyphosis in addition to epidural pus and 
disc and osseous debris.1  
 

Vertebral infections are typically insidious 
and progress over four to 11 months, with 
weight loss being the most common clinical 
sign, followed by fatigue, pyrexia, night 
sweats, and pain.  Neurologic deficits are also 
common, particularly when cervical or 
thoracic vertebral regions are affected.1 

 
In humans, spinal tuberculosis infections are 
typically paucibacillary, with acid fast bacilli 
observed in only 38% of biopsies in one 
report.  Histologic features such as caseating 
granulomas and giant cells are often 
considered diagnostic in endemic regions, 
although similar lesions also occur with 
conditions such as sarcoidosis and cat scratch 
disease (Bartonella henselae).  Mycobac-
terium tuberculosis can be identified with a 
specificity of 80-90% and sensitivity of 95% 
using PCR technology. However, this 
technology is not readily accessible in 
socioeconomically deprived communities 
with poor access to healthcare.1 

 

In regard to non-human primates (NHPs), 
tuberculosis is rare in wild populations living 
in isolation from human contact.  However, it 
is also the most common reported infectious 
disease of captive NHPs.  Mycobacterium 
tuberculosis is typically introduced to a naïve 
NHP population following an exposure to an 
infected human, most commonly via 
inhalation.  Following its introduction to a 
previously naïve population, the pathogen 
undergoes monkey-to-monkey transmission, 
predominantly via aerosol and occasionally 
ingestion.5   
 
Rhesus macaques are quite sensitive to M. 
tuberculosis and develop a variety of lesions 
similar to those reported in humans. 
Tuberculosis also tends to be rapidly 
progressive in this species, which can lead to 
widespread dissemination within a colony. In 
addition, surveillance testing utilizing the 
traditional intradermal tuberculin skin testing 

 
Figure 1-6.  Lung, cynomolgus macaque.  A single acid-
fast bacillus is present within a cytoplasmic vacuole 
within a Langhans-type giant cell in a granuloma   
(Ziehl-Neelsen, 600X) (Photo courtesy of:  U.S. Army 
Medical Research Institute of Infectious Diseases 
(USAMRIID), Pathology Division, 1425 Porter Street, 
Fort Detrick, MD 21702-5011, 
http://www.usamriid.army.mil/) 
 
 
 

http://www.usamriid.army.mil/
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method is associated with both false positives 
and negatives (such as in this case); therefore 
additional testing methods should be 
considered.5  
 
According to the WHO, 80% of human 
tuberculosis cases occur in 22 countries.  
Two countries on this list include India and 
China, which both export large numbers of 
NHPs.  Therefore, it is likely many NHPs 
become infected by caretakers or during the 
subsequent international trade process prior 
to their arrival at their final destination.5      
 
Conference participants discussed use of the 
terms 'osteomyelitis' and 'discospondylitis' 
while determining how to best characterize 
the lesion in this case. Osteomyelitis is 
defined as inflammation of the bone and 
marrow while discospondylitis is defined as 
inflammation of the intervertebral disk as 
well as the adjacent vertebrae.  Given the 
previously discussed pathogenesis of spinal 
tuberculosis, this lesion most likely 
originated as an osteomyelitis.  However, due 
to involvement of the intervertebral disk, as 
evidenced by extruded basophilic material 
consistent with nucleus pulposus, the 
majority of participants favored 
discospondylitis.          
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management. Bone Joint J. 2018;100-
B(4):425-431. 
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tuberculosis: a review. J Spinal Cord 
Med. 2011; 34(5):440-454. 
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CASE II: 14-699 (JPC 4074325)   
 
Signalment:  
3 y/o, Female Entire, German shepherd, 
Canis lupus familiaris (canine) 
 
History:  
This dog presented with a left hindlimb 
lameness, and a three week history of 
hesitancy to jump following a successful 
mating, and began a course of 
amoxicillin/clavulanic acid antibiotics and 
tramadol. Assessment at a referral practice 
the following day showed no evidence of 
hindlimb lameness, instead pain in the L2-L3 
region, which was confirmed 
radiographically as a benign lucency, 
considered most likely an old 
discospondylitis lesion or Schmorl’s node. 
Aspergillus antibody titers performed at the 
time were negative. In the subsequent two 
weeks the dog became anorexic, developed 
marked pain in both the lumbar and cervical 
spine which was refractory to multimodal 
analgesia, and was unable to bear weight on 
its forelimbs. The dog was euthanized and 
submitted for a complete post mortem 
examination. 
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Gross Pathology:  
A three-year-old female entire German 
shepherd dog in fair body condition was 
received for necropsy examination. The 
major finding at post mortem was 
pyogranulomatous discospondylitis and 
osteomyelitis at intervertebral space C5-C6 
with bony destruction evident in the adjacent 
C5 and C6 vertebral bodies. Cytological ex- 
amination of exudate from the C5-C6 disc 
space revealed neutrophilic and histiocytic 
inflammation admixed with numerous fungal 
hyphae. Disseminated granulomatous 
inflammatory foci were also identified in the 
myocardium and throughout the cortices of 
the left and right kidneys. There was 
multicentric subcutaneous, mediastinal, 
tracheobronchial and mesenteric lymph-
adenomegaly, and follicular lymphoid 
hyperplasia in the spleen. The uterus was 
gravid and four fetuses estimated at 5 weeks 
gestation age were present. 
 
Laboratory Results:  
Fungal organisms identified as Paecilomyces 
variotii were isolated from the vertebral disc 
lesion at C5-C6. Bacterial cultures from renal 
and vertebral lesions revealed no growth.  
Urinalysis (cystocentesis at necropsy) 
showed sub-optimal urine concentration 
(USG – 1.015), a pH of 6, and was otherwise 

unremarkable. There were no significant 
findings on sediment examination.  
  
Histopathologic Description: 
C5 and C6 vertebral bodies, intervertebral 
disc and spinal canal and cord (following 
decalcification): There is fragmentation and 
fibrillation of the intervertebral disc body, 
with expansion and effacement of the disc, 
marrow of adjacent vertebral bodies, and 
above subdural space by dense infiltrates of 
degenerate and non-degenerate neutrophils, 
macrophages, lesser lymphocytes and plasma 
cells, hemorrhage and fibrin. There is focally 
extensive loss of cellular detail and nuclear 
loss in trabecular bone (necrosis) and 
increased osteoclastic activity along the 
scalloped margins of thinned vertebral 
trabeculae in regions adjacent to 
inflammation (osteoclastic resorption). 
Refractile pale yellow-brown-walled fungal 
hyphae are present admixed with dense 
inflammatory infiltrates, and PAS stain 
highlights extracellular and phagocytosed 
fragments of fungal hyphae. Hyphae are 
septate with non-parallel walls and 
occasionally show dichotomous branching 
and terminal budding structures (chlamydo-
spores).  
 

 
Figure 2-1.  Heart, dog:  Multiple foci of granulomatous 
inflammation are scattered throughout the 
myocardium.  (Photo courtesy of: The University of 
Adelaide, Roseworthy, South Australia. 
https://www.adelaide.edu.au/vetsci/) 

 
Figure 2-2.  Cervical spinal column with cord:  There is 
discospondylitis and osteomyelitis affecting C5 and C6 
with compression of the overlying spinal cord.  (Photo 
courtesy of: The University of Adelaide, Roseworthy, 
South Australia. 
https://www.adelaide.edu.au/vetsci/) 
 

https://www.adelaide.edu.au/vetsci/
https://www.adelaide.edu.au/vetsci/
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Microscopic examination of additional 
tissues: Granulomatous or pyogranulomatous 
inflammation with intralesional fungal 
organisms were present in the myocardium, 
kidneys, spleen, mediastinal, mesenteric and 
subcutaneous lymph nodes, myocardium, 
adrenal glands, pancreas and liver.  
 
Contributor’s Morphologic Diagnoses:  
C5 and C6 vertebrae and intervertebral disc 
space: Pyogranulomatous and fibrinous 
discospondylitis, osteomyelitis, osteolysis 
and meningitis with intralesional fungal 
hyphae 
 
Contributor’s Comment: 
Discospondylitis and osteomyelitis with 
concurrent disseminated systemic fungal 
infection was the cause of illness in this 
pregnant female dog, and organisms isolated 
from the C5-C6 intervertebral disc were 
identified as Paecilomyces variotii. Diss-
eminated fungal disease is not an uncommon 
finding in German shepherd dogs (GSDs), 
although bacterial causes of discospondylitis 
are far more common across all breeds, 
particularly Staphylococcus aureus and S. 
pseudintermedius.2 Paecilomycosis is also an 
uncommon cause of canine systemic 

mycosis, with the main fungal agent being 
Aspergillus terreus, and less commonly A. 
deflectus, A. flavus, A. flavipes, and other 
genera such as Acremonium, Penicillium and 
Chryso-sporium.8 Paecilomyces is one of 
several causes of hyalohyphomycosis, a term 
referring to local or disseminated granu-
lomatous disease caused by opportunistic, 
non-pigmented, hyphal fungal organisms.9 
Although rarely pathogenic, Paecilomyces 
spp. are an important albeit infrequent cause 
of morbidity in dogs, reptiles and humans, 
and have also been noted in cats, horses and 
rodents.1,6,7,14,15 The species P. variotii has 
been isolated from canine, equine and rodent 
patients.7,12 Paecilomyces spp. are common 
envi-ronmental filamentous saprophytic 
fungi found airborne, and in soil, vegetative 
material, dust and food products worldwide, 
as well as being part of the normal microflora 
of canine hair.1,2,6,7,9,12,14,15 Consequently 
interpretation of positive cultures is 

 
Figure 2-3. Cervical spinal column with cord:  
Cytological examination of exudate from the C5-C6 disc 
space revealed neutrophilic and histiocytic 
inflammation admixed with cross-sections of fungal 
hyphae (Photo courtesy of: The University of Adelaide, 
Roseworthy, South Australia. 
https://www.adelaide.edu.au/vetsci/) 
 

 
Figure 2-4.  Cervical spinal column, C5-C6: One section 
at the junction of C5-C6 is submitted for examination.  
Spinal cord is at top.  There is marked alteration of the 
vertebral endplates with loss of cortical bone of the 
ventral vertebral body, and there are numerous thin 
trabeculae of woven bone in the area of the cortex and 
medulla.  The intervertebral disk is fragmented.  The 
bone marrow is replaced by a dense cellular infiltrate. 
(HE, 5X)) 
 

https://www.adelaide.edu.au/vetsci/
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somewhat subjective given the possibility of 
contaminants, which may contribute to 
Paecilomyces being over looked as an 
aetiological agent.2,6,7 In addition culture is 
typically poorly sensitive, possibly because 
of poor tissue concentrations of fungus in 
accessible areas.7  
 
Paecilomyces spp. are anamorphic asco-
mycete molds, and are close relatives of 
Penicillium spp.7 Their mycelia have yellow-
brown, broad, branching, septate hyphae, 
leading into smooth walled conidiophores 
bearing wide-based, long necked phialides 
which often bend away from the main axis, 
and themselves bear ellipsoidal smooth-
walled conidia.6,11 Chlamydospores, the 
result of asexual or less commonly sexual 
reproduction, may also be present either 
singularly or in short chains, and are brown, 
roughened, globose and thick-walled.11 Their 
morphology may be confused with 
Aspergillus spp. and Candida spp., hence 
fungal culture is always recommended.14 The 
Paecilomyces genus is comprised of 15 
different species including P. variotii 

(several spelling variations exist in 
literature), viridis, tenuipes, sinensis, 
pericinus, marquandii, lilacinus, javanicus, 
fumosoroseus, flavinosus, carneus, 
canescens and aerugineus. The majority of 
these species have been isolated from human 
and veterinary patients, most frequently P. 
variotii and P. lilacinus.9 Speciation of 
Paecilomyces is important in clinical cases 
because it carries therapeutic implications, 
with P. variotii susceptible to most common 
antifungals, and P. lilacinus highly resistant.2 
 
Clinical paecilomycosis ranges from mild to 
severe localized infections such as keratitis, 
endocarditis, sinusitis, nephritis and 
pneumonia, to disseminated infections with 
fungemia.7 Granulomatous or pyogranu-
lomatous nephritis, myocarditis, splenitis, 
lymphadenitis, pancreatitis, adrenalitis and 
hepatitis noted in this case is consistent with 
hematogenous seeding of a systemic fungal 
infection. The most common presentation of 
paecilomycosis in dogs is discospondylitis 
with or without dissemination.6,7  
 

 
Figure 2-5.  Cervical spinal column, C5-C6:  There is fragmentation of the intervertebral disc with intermingled fragments of 
basophilic nucleus pulposus (arrows), eosinophilic annulus fibrosis, (arrowheads) and fragments of bone. (HE, 18X) 



10 
 

Foley et al. (2002) conducted a review of 
paecilomycosis in dogs at the University of 
California Davis Veterinary Medical 
Teaching Hospital between 1980 and 2000 
(10 dogs) as well as case reports in veterinary 
medical literature (9 dogs): German shepherd 
dogs (GSDs) (8/19) and females (16/19) were 
over represented. The exact mechanisms for 
these gender and breed predispositions are 
unknown, although in general both female 
dogs and GSDs have increased rates of fungal 
diseases.2,6,7,14,15 Proposed mechanisms in 
GSDs include depressed local cellular 
responses, and IgA dysregulation resulting in 
decreased mucosal immunity.15 The role of 
immunomodulation due to pregnancy in this 
dog is uncertain; in humans, pregnancy is a 
reported risk factor for development of 
disseminated coccidiomycosis.3,10,16 
 
Most canine patients in the 2002 review study 
had discospondylitis with (7/19) or without 
(6/19) disseminated fungal infection, with the 
remainder having disseminated or localized 
mycosis in other locations, including the 
liver, spleen, visceral or peripheral lymph 
nodes, and the kidneys.6,7,9 The primary 
lesion of systemic paecilomycosis is usually 
not determined although authors in previous 
case reports have suspected cutaneous or 
mucosal wounds.2,6,8 An unusual presentation 
was documented in a 2008 case report, in 
which a 4-year-old spayed female mixed-
breed dog with disseminated Paecilomyces 

variotii developed generalized calcinosis 
cutis, a phenomenon only previously 
reported in three dogs with blastomycosis.9  
 
Localized paecilomycosis in dogs has been 
reported in the skin, nasal cavity, inner ear, 
prostate and bladder.7,9 A recent case report 
described an unusual presentation of 
localized paecilomycosis; a six-year-old 
entire female GSD with bilateral obstructive 
pyelonephritis caused by Paecilomyces 
bezoars, without concurrent disseminated 
disease.15 In this case fungal infection was 
first identified using a pyelocentesis sample 
for urine sediment examination, and 
confirmed with urine culture. In a similar 
case of paecilomycosis in a 3-year-old 
castrated male GSD, also involving both 
kidneys, a cystocentesis sample was similarly 
use to reach a definitive diagnosis.6 
Interestingly in some cases, such as the case 
presented here, urine sediment and urine 
culture results are negative, despite the 
presence of fungal organisms in both 
kidneys.2  
 
Patients with paecilomycosis sometimes 
have concurrent, possibly predisposing 
conditions, with examples in literature 
including immunosuppressive corticosteroid 
therapy, neoplasia, skin trauma, diarrhoea 
and otitis.7,15 By contrast in man 
paecilomycosis is usually accompanied by an 
underlying immunosuppressive disorder, 
facilitating spread from localized areas of 
infections, which in humans are usually 
contaminated wounds or prosthesis 
implants.1,9,14,15 Paecilomycosis associated 
with pneumonia, discospondylitis or 
disseminated infection carries a grave 
prognosis, with reported mortality rates 
ranging from 57-100%.5,15 
 
 
 
 

 
Figure 2-6. Cervical vertebra, C5-C6:  Scattered 
throughout the eosinophilic (artifact of decalcification) 
inflammatory infiltrate, there are numerous cross 
sections of brown thick-walled fungal conidia (arrows). 
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Contributing Institution:  
The University of Adelaide, Roseworthy, 
South Australia. 
https://www.adelaide.edu.au/vetsci/ 
 
JPC Diagnosis:  
Cervical vertebral body and adjacent inter-
vertebral disk:  Discospondylitis, pyogranu-
lomatous, diffuse, severe with numerous 
intra- and extracellular pigmented fungal 
conidia and hyphae. 
 
JPC Comment:  
The contributor provides an outstanding and 
thorough review of the host range, risk 
factors, pathogenesis, clinical signs, gross 
and histologic features, and comparative 
pathology associated with paecilomycosis.   
 
Interestingly, the first published case of a 
disseminated canine mold infection (DCMI) 
was attributed to Paecilomyces spp. in a 
Weimaraner in 1971, despite the now known 
overrepresentation of German shepherd dogs 
(GSDs) and Aspergillus spp.  The first DCMI 
case reported in a GSD was in 1978 and 
attributed to Aspergillus terreus.5  
 
Similar to as reported in the contributor’s 
comment, a 2018 review5 of 112 cases of 
DCMI found GSDs to be predisposed, with 
the breed representing 67.8% of the cases.  
Furthermore, 89.7% of infections in this 
breed were attributed to Aspergillus section 
Terrei, which includes A. terreus sensu 
stricto, A. carneus, A. niveus, A. 
alabamensis, and A. terreus var. aureus. 
These species are morphologically identical 
and require molecular techniques for 
speciation.  Across all breeds, females are at 
increased risk for DCMI, while sterilization 
is not associated with significantly increased 
risk in either sex.  A wide age range (1-13 
years) was affected, with the average age of 
infection reported to be 4.3 years.5 

 

DCMI is thought to undergo dissemination 
primarily via the hematogeous route, which 
is facilitated by specialized structures 
produced by each organism. Paecilomyces 
spp. produce conidia in vivo, known as 
‘adventitious forms’.  Similarly, A. terreous, 
as well as other fungi in sections Flavipedes 
and Jani produce structures known as 
‘accessory spores’ or ‘aleuriospores’, which 
differ from phialidic conidia by growing 
directly on hyphae in both culture and 
infected tissue.  It is believed these structures 
enter systemic circulation and subsequently 
arrest in capillary loops and other regions 
with reduced speed of blood flow, likely 
explaining why the kidneys and vertebrae are 
frequently affected in cases of DCMI.5 

 
In addition to domestic and laboratory 
species, paecilomycosis has been identified 
in multiple wildlife species.  Reptiles appear 
to be particularly susceptible, with confirmed 
infections reported in an American alligator 
(Alligator mississipiensis), an estuarine 
crocodile (Crocodylus porosus), a spectacled 
caiman (Caiman  crocodilus), 2 Nile 
crocodiles (Crocodylus  niloticus), 4 carpet 
chameleons (Chameleo lateralis), 2 Aldabra 
giant tortoises (Geochelone gigantea), and 
several green sea  turtle (Chelonia  mydas) 

 
Figure 2-7.  Cervical vertebrae, C5-C6:  A Grocott’s 
methenamine silver demonstrates the large numbers 
of hyphae within the inflammatory exudate.  (GMS, 
400X) 
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hatchlings.  Proposed risk factors associated 
with infections in these species include stress 
of shipping with chameleons, skin trauma 
with crocodilians, and excessively cold water 
with green sea turtle infections.  Reptiles are 
most commonly infected by P. lilacinus.7 

 
Interestingly, Paecilomyces spp. have been 
identified as a source of numerous bioactive 
products, with 223 metabolites identified in 
one recent report4, including highly toxic 
linear peptides known as leucinostatins, 
paeciloquinones (tyrosine kinase inhibitors), 
macrocyclics, and trichothecans. Therefore, 
there is tremendous potential associated with 
genus Paecilomyces in regard to the 
development of applications such as 
antimicrobials, antivirals, nematocidals, and 
free radical scavenging.4  In addition to 
producing potentially useful compounds, 
some species having been found to have 
potentially useful applications in regard to 
agriculture, including both P. farinosus and 
P. fumosoroseus.  Both of these species are 
known to infect insect and arachnid hosts, 
with the latter having been evaluated as a 
biological agent to suppress agricultural pests 
such as Russian wheat aphid and silver-leaf 
whiteflies.7   
 
Although there is great potential in regard to 
the ongoing discovery of positive 
applications of Paecilomyces, the 
saprophytic fungus has also been implicated 
with food spoilage and other detrimental 
effects.4  As an example, P. varioti thrives in 
substrates such as aviation fuel, while also 
producing corrosive acid metabolites and 
clogging filters with its mycelia.  In addition, 
other species are known to contaminate 
laboratories, allegedly sterile solutions, and 
chlorinated drinking water.7 

 

Participants did not observe an inflammatory 
process within the meninges within the 
section presented and therefore did not favor 

inclusion of 'meningitis' in the morphologic 
diagnosis.  However, it is possible this lesion 
is represented in other sections due to slide 
variability.   
 
Additional discussion centered on the use of 
the terms 'yeast', 'spore', and 'conidia' in 
regard to fungal propagules. Yeasts are a 
single celled form of fungi that produce by 
budding.  Dimorphic fungi grow as yeast (or 
spherules) at 37 ⁰C and as molds 
(multicellular hyphae) at 25 ⁰C.  Spores can 
be produced either asexually or sexually.  
Asexual spores are always formed in a 
sporangium and undergo cytoplasmic 
cleavage following mitoses.  Sexual spores 
undergo meiosis and are associated with 
several unique structures such as 
basidiospores, zygospores, and ascospores.  
Conidia are similar to asexual spores in that 
they are always asexual in origin but never 
develop in a manner that involves 
cytoplasmic cleavage.13 

 
Finally, several fungi (as in this case) have 
melanin in the cell wall of conidia, hyphae, or 
both.  In such cases, the fungi are considered 
to be dermatiaceous.13         
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CASE III: P963-20 (JPC 4168140)   
 
Signalment:  
4 ½ - 5 months old, female, Holstein veal calf 
(Bos taurus) 
 
History:  
Several milk-fed calves, in a herd of 800, 
developed multiple fractures at around 140 
days of age. These calves were suddenly 
unable to get up or stand following a benign 
fall or after struggling to escape physical 
restraint for routine procedure. These calves 
had no prior locomotor problem and were in 
excellent body condition. They were fed a 
commercial feed supplemented in minerals 
and vitamins.  
 
Gross Pathology:  
The necropsy of two calves from the affected 
group revealed multiple fractures, varying 
from an individual to another, involving the 
appendicular long bones, ribs, vertebrae 
and/or pelvis. Some fractures appeared old 
(bone callus on the ribs) but others were fresh 
and associated with severe hemorrhage in the 
surrounding soft tissues. The bones were 
firm, not rubbery, but were easier to cut than 
normal. The growth plate of the long bones 
was abnormally thin and the cancellous bone 
appeared less dense than expected. Notably, 
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the decalcification process of long bones to 
make histological sections was significantly 
reduced and easier than normal. The kidneys 
of both animals were normal grossly and their 
parathyroids were not enlarged. Veal calf No 
2 had soft feces.  
 
Laboratory Results:  
Bones from both calves were sent for 
analysis. Bone ash (mineral content of bone) 
and density were significantly decreased in 
Calf No 1 (bone ash 24% (normal 59-60%), 
density 1.13 g/ml (normal 1.29-1.35)). Bone 
ash was mildly decreased in Calf No 2 (53%) 
but density was normal. Calcium was mildly 
increased in both animals (39% and 39.4%; 
normal 37%) and phosphorus was minimally 
decreased (17.1% and 17%; normal 18.5%).  
Serum copper was evaluated in Calf No 2 and 
appeared decreased (10.0 µmol/L; normal 
12-19 µmol/L). In the same animal, RT-PCR 
for Rotavirus type A was mildly positive (CT 
30.07) and coprology revealed no intestinal 
parasites. 
  
 
Microscopic Description: 
The examination of long bones revealed a 
decrease in thickness of the growth plate with 

variable narrowing of the hypertrophic zone 
and a multifocal loss of the secondary 
spongiosa and sometimes even of the 
primary spongiosa. Numerous osteoclasts 
were located between the chondroid 
trabeculae. Osteoblasts were hypertrophied 
and hyperplastic and lined the osteoid 
trabeculae of the metaphysis. There was a 
marked reduction of bone trabeculae 
abundance in the epiphysis and metaphysis 
but those still present had a normal thickness 
and appeared normally ossified. A line of 
fibrosis, parallel to the growth plate, was 
observed in the metaphysis and was 
associated with an older incomplete fracture 
and bone remodeling.  
 
Other tissues showed no significant lesions. 
The intestinal mucosa was not inflamed and 
crypts were not hypertrophied. However, the 
apex of the intestinal villi could not be 
evaluated due to post-mortem desquamation 
of epithelial cells. 
 
Contributor’s Morphologic Diagnoses:  
Femur, Calf No 1: Osteoporosis with 
incomplete/transverse metaphyseal fracture 
with fibrosis 
 

 
Figure 3-2. Sacrum, veal calf 1:  There are multiple 
fractures in the vertebral body of S1. (Photo courtesy of 
:  Centre de Diagnostic Vétérinaire de l’Université de 
Montréal, Faculté de médecine vétérinaire, 
https://fmv.umontreal.ca/services/ centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/)  

 
Figure 3-1. Humerus, veal calf 1:  There is a transverse 
fracture of the right humerus.   (Photo courtesy of :  
Centre de Diagnostic Vétérinaire de l’Université de 
Montréal, Faculté de médecine vétérinaire, 
https://fmv.umontreal.ca/services/ centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/)  
 

https://fmv.umontreal.ca/services/%20centre-de-diagnostic-veterinaire-de-luniversite-de-montreal/
https://fmv.umontreal.ca/services/%20centre-de-diagnostic-veterinaire-de-luniversite-de-montreal/
https://fmv.umontreal.ca/services/%20centre-de-diagnostic-veterinaire-de-luniversite-de-montreal/
https://fmv.umontreal.ca/services/%20centre-de-diagnostic-veterinaire-de-luniversite-de-montreal/
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Contributor’s Comment: 
Osteoporosis is characterized by loss of bone 
density with normal mineralization: the 
number of bone trabeculae is reduced but 
those that remain have a normal structure. 
However, this reduction in density decreases 
bone strength and affected animals are prone 
to pathological fractures, as was the case with 
those veal calves that developed such lesions 
without any significant trauma or excessive 
strength used for restraining. Osteoporosis 
should be differentiated from rachitism and 
osteomalacia, in which the osseous matrix is 
normal but its mineralization is deficient, and 
from fibrous osteodystrophy, characterized 
by excessive bone resorption, proliferation of 
fibrous tissue and formation of immature and 
poorly mineralized bone.6 
 
Observed in humans and domestic/farm 
animals, osteoporosis has also been described 
in wild ruminants such as moose (Alces 
alces) in Sweden, similar to the condition in 
cattle/sheep with a secondary copper (Cu) 
deficiency and/or molybdenosis, and in a 
Mountain Sheep (Ovis canadensis) and 
another moose both with osteoporotic skull 

anomalies.3,6,10,11 Osteoporosis is also 
frequently observed in commercial high-
producing laying hens.20 
 
The major causes of osteoporosis are 
advanced age (senile osteoporosis), inactivity 
(disuse osteoporosis), corticosteroid 
treatment and nutrition. Other potential 
causes to consider include vitamin A toxicity, 
hyperthyroidism, chronic exposure to cad-
mium and the use of some immuno-
suppressive or anticonvulsant agents.6 In this 
particular case, all causes were not 
considered relevant with the exception of a 
potential nutritional problem, which was 
deemed the most likely etiology. Such a 
nutritional problem could be primary 
(unbalanced diet, starvation) or secondary 
(intestinal malabsorption/inflammatory 
bowel disease). Although in humans chronic 
pancreatitis has been linked to osteoporosis 
and increased risk of bone fractures, no 
abnormalities were noted in bone 
pliability/fragility in an 8-y-old lactating 
Holstein cow in spite of pancreatolithiasis, 
pancreas atrophy/fibrosis and a fractured 
lumbar vertebrae.14 In a case series of ten 2-
y-old dairy heifers in first-lactation from 
New Zealand, humeral fractures were 

 
Figure 3-3.  Femur, veal calf 2.  There is a thin growth 
plate of the femoral head and reduced density of 
epiphyseal and metaphyseal cancellous bone.   (Photo 
courtesy of :  Centre de Diagnostic Vétérinaire de 
l’Université de Montréal, Faculté de médecine 
vétérinaire, 
https://fmv.umontreal.ca/services/centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/)  

 
Figure 3-4.  Femur, veal calf 2.  There are multiple 
fractures of the left femur.   (Photo courtesy of :  Centre 
de Diagnostic Vétérinaire de l’Université de Montréal, 
Faculté de médecine vétérinaire, 
https://fmv.umontreal.ca/services/centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/)  
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associated with osteoporosis, possibly linked 
to insufficient bone deposition during growth 
following protein-caloric malnutrition.7 A 
short communication details osteoporosis in 
a group of 15 goats from Switzerland in 
which the cause was a combined calcium/ 
phosphorus and vitamin D deficiency as well 
as malnutrition attributed to gastrointestinal 
parasitism.5 
 
Veal calves from our case were in excellent 
body condition so their diet seemed sufficient 
to fill their energy requirements. Even if the 
second calf had soft feces and a mildly 
positive RT-PCR for rotavirus type A, these 
two animals showed no significant 
inflammation and/or atrophy of the intestinal 
villi and coprology revealed no intestinal 
parasitism. All other tissues were unremark-
able grossly and microscopically. As such, a 
dietary imbalance was considered the most 
likely hypothesis in the present case.  
Calcium, phosphorus and copper deficiency 
could cause osteoporosis. In ruminants, 
calcium deficiency is often associated with 
this type of lesion, even if in other species this 
imbalance mostly results in fibrous 
osteodystrophy.6 Parathyroid activity and 
size increase when the serum calcium is low, 
leading to bone resorption; however, in the 
present case, parathyroids appeared normal 

grossly and calcium levels were mildly 
elevated in the bone ash of our two animals 
(39% and 39.4%, respectively). 
  
Apart from this elevated calcium level and a 
reduced bone density, bone ash analysis 
demonstrated a reduction in phosphorus level 
in the mineral matrix (17% and 17.1% in 
animals Nos 1 and 2, respectively). 
According to Puls, phosphorus bone level 
below 17.6% could be considered critical for 
the health of an animal.18 However, bone ash 
analysis must be interpreted with caution as 
the reference intervals for calcium and 
phosphorus are not necessarily reliable and 
because there would be no significant 
changes in most osteoporosis cases due to the 
stable calcium: phosphorus ratio in 
hydroxyapatite crystals that form the mineral 
matrix. But if we still consider this decreased 
phosphorus level as significant, it is 
noteworthy that chronic phosphorus 
deficiency usually induces rickets or osteo-
malacia rather than osteoporosis. Current 
scientific literature is not clear on the factors 
that could trigger bone to develop 
osteoporosis instead of rickets when 
phosphorus levels are low.6 Interactions with 
other minerals could explain these 
differences. Copper, molybdenum and 
manganese have all been reported to be 
involved in some cases of osteoporosis. Bone 
copper was not assessed in the present cases 
but serum copper was evaluated in the second 
animal and was slightly decreased. Since we 
have very few data to determine the normal 
serum copper values in bovine and because 
this result reflects the copper level at one 
specific time point in a process that is most 
likely subacute to chronic, this mild serum 
copper decrease should be interpreted with 
caution. Unfortunately, we had no follow up 
from the referring veterinarian concerning 
this herd problem and its origin remains 
obscure. 
 

 
Figure 3-5.  Femur, veal calf 1.  There is reduced density 
of bony trabeculae, which appear otherwise 
morphologically normal with a narrowed growth plate. 
Age/breed matched control on left. (HE,1X) (Photo 
courtesy of Centre de Diagnostic Vétérinaire de 
l’Université de Montréal, Faculté de médecine 
vétérinaire, 
https://fmv.umontreal.ca/services/centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/) 
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Osteoporosis in humans is a chronic systemic 
bone disease of growing relevance due to the 
on-going demographic change in our aging 
societies. As defined by the world Health 
Organization (WHO), osteoporosis corre-
sponds to a bone mineral density (BMD) T-
score less than -2.5 SD as measured by dual-
emission x-ray absorptiometry (DXA), 
commonly affecting 30% of women and 12% 
of men at some point during life.1 The annual 
costs in the US of caring for osteoporotic-
related fractures parallel or exceed the annual 
costs of caring for myocardial infarction, 
breast cancer and/or cerebrovascular 
accident.15 In humans, risk factors associated 
with osteoporotic fractures include low peak 
bone mass, hormonal factors, use of certain 
drugs, cigarette smoking, low physical 
activity, low calcium/ vitamin D intake, race, 
small body size and a personal/family history 
of fractures.5,8  
 
As in humans, glucocorticoid-induced 
postmenopausal/ovariectomy-related 
osteoporosis in lab animals is a significant 
form of osteoporosis, with higher risk of 
osteoporotic fractures.21 Many different 
animal species have been used as models of 
that bone disorder for research. Although 
rodents are attractive to that effect because of 
the possibility of specifically modifying their 
genetic background, some aspect of that 
research can only be addressed with large 
animal models, such as metaphyseal fracture 
healing. Among large animal species, sheep 
have proven invaluable for osteoporosis 
research in this context.17 Different ewe 
models for osteoporosis have been success-
fully established and are very important for 
orthopedic research, such as the lumbar spine 
vertebral compression fracture in a sheep 
osteoporosis model.9,16 In the context of 
osteoimmunology, TNF-α and IL-6 are 
considered potential candidates for clinical 
application in spite of contradictory roles in 
immune responses versus bone metabolism.19 

Another interesting research area involves an 
osteoporosis model using the red deer 
(Cervus elaphus) stag, in which physio-
logical osteoporosis is a consequence of the 
annual antler cycle. This phenomenon could 
allow the identification of genes involved in 
the regulation of bone mineral density using 
comparative genomics between human and 
deer.4 
 
Contributing Institution:  
Centre de Diagnostic Vétérinaire de 
l’Université de Montréal 
Faculté de médecine vétérinaire 
Université de Montréal 
3220 Sicotte 
Saint-Hyacinthe, 
Québec, CANADA 
J2S 2M2 
https://fmv.umontreal.ca/services/centre-de-
diagnostic-veterinaire-de-luniversite-de-
montreal/ 
 
JPC Diagnosis: 
Long bone with growth plate:  Osteopenia, 
diffuse, marked with metaphyseal infraction 
and fibrotic endosteal callus.      
 
JPC Comment:  
The contributor provides an excellent review 
of multiple underlying pathogeneses 
associated with the development of 

 
Figure 3-6. Femur, veal calf 1. There is multifocally 
reduced to absent primary spongiosa. Age/breed 
matched control on left.  (HE, 5X)(Photo courtesy of: 
Centre de Diagnostic Vétérinaire de l’Université de 
Montréal, Faculté de médecine vétérinaire, 
https://fmv.umontreal.ca/services/ centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/)  

https://fmv.umontreal.ca/services/%20centre-de-diagnostic-veterinaire-de-luniversite-de-montreal/
https://fmv.umontreal.ca/services/%20centre-de-diagnostic-veterinaire-de-luniversite-de-montreal/
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osteoporosis, a condition associated with 
increased bone fragility.  Osteoporosis occurs 
as a result of excessive bone resorption in 
comparison to deposition, with a reduced 
quantity of bone while normal bone quality is 
retained. 
 
As noted by the contributor, osteoporosis 
commonly affects postmenopausal women as 
well as older men, posing a significant risk 
factor for the development of fragility 
fractures, which most commonly involve the 
spine and metaphyseal bone in the hips and 
wrist. Furthermore, the features of 
osteoporosis may inherently complicate 
stabilization efforts (e.g. surgical fixation) 
necessary for optimal bone apposition, 
leading to unfavorable mechanical conditions 
and prolonged healing.2 

 
Historically, rodent models have predom-
inantly been used in ovariectomy-induced 
osteoporosis fracture studies, as well as to 
identify genes involved in fracture healing of 
osteoporotic bones. Although these species 
are ideal for use in these types of studies, their 
small size makes them less than ideal animal 
models for other related studies, such as those 
assessing orthopedic implants or in depth 
analysis of metaphyseal fracture healing.  As 
noted by the contributor, sheep have been 
utilized as an animal model for these types of 
studies, with experimental induction tradi-
tionally via ovariectomy and/or gluco-
corticoid administration. Compared to 
ovariectomy, which only causes marginal 
osteoporosis in sheep, significant bone loss is 
induced by glucorticoid administration.  
Unfortunately, the dosage of glucocorticoids 
required to induce osteoporosis raises animal 
welfare concerns due to undesirable side 
effects. An alternative method, surgical 
disconnection of the pituitary gland from the 
hypothalamus, has been found to induce 
osteoporosis in sheep, with considerable 
bone loss after 8 months.  Disruption of the 

hypothalamo-pituitary axis inhibits leptin 
signaling, which plays a key role in bone 
regulation, while also altering levels of other 
hormones that regulate bone homeostasis 
such as gonadotropins, thyroid hormones, 
insulin-like growth factor 1, and cortisol.  
The only clinically symptoms reported to be 
associated with hypothalamic-pituitary 
disconnection in sheep are polydipsia and 
polyuria as a result of iatrogenic diabetes 
insipidus.2  
 
The most common pharmaceutical class used 
to treat for osteoporosis in humans are 
bisphosphonates, which have been in clinical 
use since 1968. These inorganic pyropho-
sphate analogs have a high affinity for 
calcium and accumulate in the skeleton, 
becoming embedded in newly formed bone 
during the anabolic phase of remodeling.  
Following their deposition, these substances 
remain inert until they’re released in the 
acidic Howship’s lacuna and absorbed by 
osteoclasts. Following their absorption, 
bisphosphonates induce osteoclast apoptosis, 

 
Figure 3-7. Femur, veal calf 1. There is a linear area of 
intramedullary fibrosis parallel to the physis and with 
haphazardly arranged bone trabeculae (remodeling). A 
picro Sirius red stain highlights the area of 
intramedullary fibrosis.  (HE, PSR, 1X)   (Photo courtesy 
of :  Centre de Diagnostic Vétérinaire de l’Université de 
Montréal, Faculté de médecine vétérinaire, 
https://fmv.umontreal.ca/services/centre-de-
diagnostic-veterinaire-de-luniversite-de-montreal/)  
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resulting in an overall suppression bone 
resorption.12 

 
Bisphosphonates have a long half-life (up to 
10 years) due to their incorporation into bone.  
This is significant in that bone turnover can 
continue to be suppressed long after 
administration is discontinued. While this 
feature is beneficial in regard the treatment of 
osteoporosis, it may also associated with 
impairment of fracture repair. Although these 
medications do not appear to be detrimental 
to initial callus formation following a 
fracture, studies in multiple species have 
found they hinder the callus’ remodeling due 
to the same mechanisms as previously 
described, resulting in delayed the conver-
sion of woven bone to mature lamellar bone.  
Therefore a history of bisphosphonate 
administration may be considered a risk 
factor for delayed union.  However, human 
studies have also found de novo 
bisphosphonate administration prescribed as 
the result of an osteoporosis related fracture 
is not associated with delayed healing in 
human patients, likely due to insufficient 
accumulation of the bisphosphonates in the 
skeleton. Furthermore, other studies have 
paradoxically found bisphosphonates may 
also accelerate fracture healing, such in 
rabbits with mandibular fractures treated with 
zoledronic acid.12  
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CASE IV: L20 163 (JPC 4152938) 
 
Signalment:  
7-year-old, spayed female, Labrador 
retriever, domestic dog (Canis lupus 
familiaris)  
 
History:  
The dog had a history of anorexia, 
progressive weakness, and lameness of 

undetermined duration. On presentation to 
the Louisiana State University Veterinary 
Teaching Hospital, the dog was depressed but 
responsive, with tachypnea and tachycardia. 
On thoracic radiographs, a lytic lesion at the 
dorsal border of the right scapula was noted 
as well as a right caudodorsal lung 
mass/consolidation. Abdominal ultrasound 
showed numerous targetoid lesions in the 
spleen as well as a right caudodorsal lung 
mass. Due to the poor prognosis, humane 
euthanasia was elected. 
 
Gross Pathology:  
The dorsocranial aspect of the right scapula 
was expanded by a 6.0 x 7.5 x 0.3 cm mass 
that extended to the dorsocaudal aspect of the 
bone. On the cut surface, the affected scapula 
was replaced by an infiltrative, ill-defined, 
soft and tan mass that filled the adjacent 
marrow spaces and was delimited by 
abundant, superficial cortical bone/ perios-
teum. The right femur had the proximal 
aspect of the metaphysis adjacent to the 
femoral neck expanded by a focal, ill-defined 
area of periosteal thickening measuring 

 
Figure 4-1. Scapula, dog.  Scapular bone is replaced by 
an infiltrative neoplasm.  There is marked periosteal 
bone proliferation. (Photo courtesy of:  Louisiana 
Animal Disease Diagnostic Laboratory (LADDL) and 
Department of Pathobiological Sciences, School of 
Veterinary Medicine, Louisiana State University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index.php)  
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approximately 2.0 x 1.0 x 0.4 cm; on the cut 
surface, the intralesional marrow spaces were 
filled with soft and tan tissue similar to that 
noted in the right scapula. The parenchyma of 
the right caudal lung lobe was extensively 
effaced by a well-demarcated, multilobular, 
firm and tan mass that measured 8.0 x 7.5 x 
6.0 cm and slightly bulged on the cut surface. 
In the heart, the endocardial surface of the 
interventricular septum had a focal, white, 
and slightly firm nodule that measured 0.5 x 
0.3 x 0.4 cm and protruded into the left 
ventricle. In the spleen, multiple round, soft, 
mottled tan to dark red and variably sized 
nodules (ranging in size from 0.2 x 0.2 x 0.1 
cm to 1.5 x 1.5 x 1.5 cm) were noted 
throughout both the visceral and parietal 
surfaces. 
 
Laboratory Results:  

• Complete Blood Count:  
o Mean corpuscular value (MCV): 

59.9 fL (62-77 fL) 
o Red cell distribution width 

(RDW): 17% (12-14%) 
o White blood cell count (WBC): 

23.3 x 103/μl (8-14.5 x 103/μl) 

o Segmented neutrophils (absolute 
value): 18.8 x 103/μl (3-11.5 x 
103/μl) 

o Lymphocytes (absolute value): 
0.70 x 103/μl (1-4.8 x 103/μl) 

o Monocytes (absolute value): 3.7 x 
103/μl (0.1-1.4 x 103/μl) 

No significant abnormalities were identified 
in the biochemical profile. 
 
Cytology:  
Scapula: Four smears with overall low 
cellularity were examined. Rare individual-
ized, rounded to elongated multinucleated 
cells with abundant basophilic cytoplasm 
containing few small, discrete vacuoles and 
round to ovoid nucleus (10-12 μm in 
diameter) with finely stippled chromatin and 
a single small, prominent nucleoli were 
noted. No infectious agents were seen. 
 
Spleen and lung: Multiple smears from each 
location were evaluated. Round to stellate 
neoplastic cells with variably sized nuclei, 
small discrete intracytoplasmic vacuoles and 
occasional erythrophagocytosis were ob-

 
Figure 4-2. Lung, dog.  A similar neoplasm is present in 
the femur. (Photo courtesy of:  Louisiana Animal 
Disease Diagnostic Laboratory (LADDL) and 
Department of Pathobiological Sciences, School of 
Veterinary Medicine, Louisiana State University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index.php) 

 
Figure 4-3.  Spleen, dog.  Multiple neoplastic nodules 
are present in the spleen and visible from the visceral 
and parietal surface. (Photo courtesy of:  Louisiana 
Animal Disease Diagnostic Laboratory (LADDL) and 
Department of Pathobiological Sciences, School of 
Veterinary Medicine, Louisiana State University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index .php)  
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served along with numerous binucleated to 
multinucleated cells. 
  
Microscopic Description: 
Bone (right scapula): The normal architecture 
of the bone is extensively effaced by a non-
encapsulated, infiltrative, and densely 
cellular neoplasm composed of sheets of 
neoplastic round to spindle cells supported by 
scant pre-existing stroma. Neoplastic cells 
are pleomorphic, are often large, and have 
distinct cell borders, with moderate to 
abundant eosinophilic cytoplasm, and a 
round to oval central nucleus with coarsely 
stippled chromatin and one to two prominent 
nucleoli. Anisocytosis and anisokaryosis are 
severe, with frequent giant and multi-
nucleated neoplastic cells with bizarre nuclei. 
Nine atypical mitotic figures are counted in 
10 high power fields. Occasionally, 
neoplastic cells contain intracytoplasmic 
erythrocytes (erythro-phagocytosis) and 
intracytoplasmic hemo-siderin pigment. At 
the periphery, the surface of the bone is 
irregularly expanded by proliferation of new 
trabecular bone, multifocal islands of 
partially ossified hyaline cartilage, marrow 
spaces filled with either neoplastic round 
cells or loose fibrous connective tissue, and 
markedly thickened periosteum composed of 
numerous proliferating osteoblasts and 
fibroblasts. The peripheral skeletal muscle is 
composed of multifocal shrunken myofibers 
(atrophy).  
 
Histologic changes in other tissues (not 
submitted): 
The splenic parenchyma is multifocally 
expanded by variably sized neoplastic 
nodules composed of similar neoplastic cells 
as described in the scapula, with frequent 
bizarre nuclei and occasional erythro-
phagocytosis. Similarly affected tissues 
include the lungs, heart, adrenal glands, 
pancreas, and proximal right femur.  
 

Immunohistochemistry:  
Anti-Iba-1 and anti-CD11d-specific 
immunohistochemistry were performed on 
sections of spleen. Neoplastic cells had 
strong cytoplasmic immunostaining for Iba-1 
but did not have any immunostaining for 
CD11d.  
 
Contributor’s Morphologic Diagnoses:  
Bone (right scapula): Histiocytic sarcoma, 
disseminated (based on multiple tissues 
examined).   
 
Contributor’s Comment: 
Canine proliferative histiocytic disorders 
include benign (histiocytoma) and malignant  
(e.g. histiocytic sarcoma [HS] complex) 
neoplastic as well as nonneoplastic diseases  
 (e.g. cutaneous and systemic [reactive] 
histiocytosis). Among the entities grouped 
within the histiocytic sarcoma complex, the 
localized and disseminated forms are 
proliferative disorders originating from 
interstitial dendritic cells, while the 

 
Figure 4-4. Spleen, dog.  Round to stellate neoplastic 
cells with variably sized nuclei, small discrete 
intracytoplasmic vacuoles and occasional 
erythrophagocytosis were observed along with 
numerous binucleated to multinucleated cells. (Photo 
courtesy of:  Louisiana Animal Disease Diagnostic 
Laboratory (LADDL) and Department of Pathobiological 
Sciences, School of Veterinary Medicine, Louisiana 
State University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index. php)  
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hemophagocytic histiocytic sarcoma is a 
distinctive entity arising from bone marrow-
derived macrophages, mostly within the 
splenic red pulp or bone marrow.1-3,6,9-13,15 
Canine HS may initially present either as a 
localized, solitary tumor or as a disseminated, 
multicentric disease. Metastatic disease is  
frequently observed as the disease 
progresses.2,9,10,15  
 
The clinical presentation in dogs affected by 
HS is highly variable, depending on the organ 
systems affected.10,15 Clinical signs can 
therefore include anorexia, weight loss, 
lethargy, dyspnea, lameness, neurological 
signs, among others.  
 
HS most commonly affects the spleen, lungs, 
bone marrow, lymph nodes, skin and 
subcutis, joints, and central nervous system.  
The masses are often destructive and 
composed of large round to spindle 
neoplastic cells with ovoid to reniform nuclei 
and abundant eosinophilic cytoplasm with 
marked atypia and variably sized nuclei with 
multinucleation and frequent atypical 
mitosis.3,10 In this particular case, neoplastic 

cells exhibiting erythrophagocytosis were 
observed both cytologically and histo-
logically, resembling a hemophagocytic HS, 
which was initially considered as the 
presumptive diagnosis; however, immuno-
histochemical characterization of neoplastic 
cells revealed lack of expression of CD11d, 
an integrin that has been shown to 
distinctively characterize this hemophago-
cytic form.15 Hemophagocytic HS is reported 
in similar canine breeds as histiocytic 
sarcoma, namely Bernese mountain dogs, 
golden retrievers, Labrador retrievers, flat-
coated retrievers, and Rottweilers. Clinico-
pathological abnormalities are characterized 
by rapidly progressive, regenerative 
hemolytic anemia and thrombocytopenia 
with negative Coombs test, hypoalbum-
inemia, and hypocholesterolemia (not present 
in this particular case).10,15 Macroscopically, 
hemophagocytic HS does not form mass 
lesions within primary sites (spleen and bone 
marrow) as opposed to histiocytic sarcoma, 
but causes a diffuse enlargement of the spleen 
instead.10  
 

Disease Cell of Origin Immunophenotype 

Histiocytoma Langerhans cell CD1a+, CD11c/CD18+, E-
cadherin+, CD204-, Iba1+ 

Cutaneous Langerhans cell 
histiocytosis 

Langerhans cell CD1a+, CD11c/CD18+, E-
cadherin+, CD204-, Iba1+ 

Histiocytic sarcoma Interstitial dendritic cell CD1a+, CD11c/CD18+, 
CD204+/-, Iba1+ 

Histiocytic sarcoma, 
hemophagocytic 

Macrophage CD1a+/-, CD11d/CD18+, 
CD204+, Iba1+ 

Cutaneous histiocytosis Activated interstitial dendritic 
cell 

CD1a+, CD4+, 
CD11c/CD18+, CD90+, 
CD204-, Iba1+ 

Systemic histiocytosis Activated interstitial dendritic 
cell 

CD1a+, CD4+, 
CD11c/CD18+, CD90+, 
Iba1+ 

Table 1. Immunophenotypic differentiation of canine histiocytic diseases (From Tumors of Domestic Animals [2016], Chapter 8, 
Canine and Feline Histiocytic Diseases by Peter F. Moore). 
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 Disseminated HS is often difficult to grossly 
differentiate from systemic reactive 
histiocytosis,10,11 a systemic disorder 
primarily affecting Bernese Mountain dogs, 
characterized by lesions in the skin and 
internal organs (such as lung, liver, spleen, 
kidneys, and bone marrow). Histologically, 
reactive histiocytosis is characterized by 
vasocentric and often vasodestructive 
proliferation of large, mildly atypical 
histiocytes. Cells with bizarre or multiple 
nuclei are lacking, however, in contrast to 
HS.  
 
Differential diagnoses for tumors with high 
nuclear atypia include the following: 

• Anaplastic lymphoma   
• High grade/Grade III mast cell tumor 
• Poorly differentiated carcinoma 
• Amelanotic melanoma 
• Osteosarcoma 
• Undifferentiated sarcomas 

 
 Immunohistochemistry using specific 
antibodies for monocyte/macrophage/ 
dendritic cell lineage, B and T cell lineage, 
and other cells (e.g. epithelial cells or 

melanocytes) is often imperative to reach a 
definitive diagnosis (Table 1).9,10,15 
 
Although histiocytic sarcoma occurs mainly 
in dogs and cats, other animals such as cows, 
mice and some birds can develop this tumor 
as well; however, their occurrence is 
rare.4,8,10,13  
 
Contributing Institution:  
Louisiana Animal Disease Diagnostic 
Laboratory (LADDL) and Department of 
Pathobiological Sciences, School of 
Veterinary Medicine, Louisiana State 
University 
(http://www1.vetmed.lsu.edu/laddl/index.ht
ml and 
https://www.lsu.edu/vetmed/pbs/index.php) 
 
JPC Diagnosis:  
Bone:  Histiocytic sarcoma. 
 
JPC Comment:  
The contributor provides an excellent 
overview of canine proliferative histiocytic 
disorders, a diverse complement of benign 

 
Figure 4-5. Scapula, dog.  The normal architecture of the 
bone is extensively effaced by a non-encapsulated, 
infiltrative, and densely cellular neoplasm composed of 
sheets of neoplastic round to spindle cells supported by 
scant pre-existing stroma. (HE, 5X) (Photo courtesy of:  
Louisiana Animal Disease Diagnostic Laboratory (LADDL) 
and Department of Pathobiological Sciences, School of 
Veterinary Medicine, Louisiana State University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index .php) 

 
Figure 4-6.  Scapula, dog.  Scapula, dog.  The normal 
architecture of the bone is extensively effaced by a non-
encapsulated, infiltrative, and densely cellular neoplasm 
composed of sheets of neoplastic round to spindle cells 
supported by scant pre-existing stroma. (HE, 400X) 
(Photo courtesy of:  Louisiana Animal Disease Diagnostic 
Laboratory (LADDL) and Department of Pathobiological 
Sciences, School of Veterinary Medicine, Louisiana State 
University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index. php) 
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and malignant entities originating from 
various histiocytic linages that may arise in 
and affect various organ systems. 
 
Multiple dog breeds have demonstrated an 
increased incidence of histiocytic sarcoma 
(HS), including Bernese mountain dogs, flat 
coated retrievers, golden retrievers, and 
Rottweilers, while other breeds are also 
sporadically affected. Bernese mountain dogs  
are particularly predisposed and are 
estimated to be 225 times more likely to 
develop HS compared to other breeds, with 
up to 25% of individuals being affected in 
their lifetime.14   
 
A recent report5 describing a genome-wide 
association study (GWAS) using Bernese 
mountain dog DNA from 172 HS and 128  
control cases confirmed previous reports that 
the main locus associated with HS 
development in this breed is the MTAP-
CDK2A region on chromosome #11 
(CFA11/HSA9q21). An additional single 

nucleotide variation associated with HS was 
identified on chromosome #20 at an intron of  
FHIT (a tumor suppressor gene), while a 
suspected locus was also identified on 
chromosome #5 in an intron of the SPNS3 
gene.  SPNS3’s function is largely unknown, 
however, its paralogous gene (SPNS2) has a 
role in immunological development and has 
been associated with inflammatory and 
autoimmune disease in addition to defective 
macrophage phagocytosis.  Interestingly, 
each of these three regions have previously 
been associated with other malignancies 
including osteosarcoma (CDK2A), lymph-
oma and hemangiosarcoma (SPNS3), and 
mast cell tumors (FHIT).5 

 
In addition, multiple studies have found dogs 
with a history of orthopedic disease are at 
increased risk of developing periarticular HS, 
the most common synovial neoplasm in dogs.  
One study found Bernese mountain dogs are 
five times more likely to develop 
periarticular HS in a diseased joint compared 
to a healthy joint.  Although this phenomenon 
occurs in breeds classically predisposed to 
HS, it does not appear to be restricted to only 
those breeds. One retrospective study7 
reviewing 28 canine patients from nine 
breeds with periarticular HS found those with 
a history of prior joint disease were over 13 
times more likely to develop periarticular HS 

 
Figure 4-7.  Scapula, dog.  At the periphery, the surface 
of the bone is irregularly expanded by proliferation of 
new trabecular bone, multifocal islands of partially 
ossified hyaline cartilage, marrow spaces filled with 
either neoplastic round cells or loose fibrous connective 
tissue, and markedly thickened periosteum composed of 
numerous proliferating osteoblasts and fibroblasts 
(HE,100X) (Photo courtesy of:  Louisiana Animal Disease 
Diagnostic Laboratory (LADDL) and Department of 
Pathobiological Sciences, School of Veterinary Medicine, 
Louisiana State University 
(http://www1.vetmed.lsu.edu/laddl/index.html and 
https://www.lsu.edu/vetmed/pbs/index.php) 

 
Figure 4-8. Scapula dog.  Neoplastic cells demonstrate 
strong cytoplasmic immunoreactivity for IBA-1. (anta 
IBA-1, 400X) 

about:blank
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compared to the control group.  Even more 
striking, history of joint disease in the stifle 
joint was associated 64 times greater risk of 
developing periarticular HS when affected 
joints were compared independently.  
Rottweilers were found to be the most 
commonly affected when breeds were 
assessed independently.7 

 
The pathogenesis involved in the 
development of HS as the result of prior joint 
disease is unknown.  However, inflammation 
likely plays a role as increased numbers of 
antigen presenting cells are present in 
synovial membranes of dogs with cruciate 
disease, degenerative joint disease, and 
rheumatoid arthritis. In regard to cruciate 
disease specifically, synovitis has been 
identified as risk factor for future rupture of 
the cruciate ligament, potentially due to 
weakening as a result of degradation by 
inflammatory mediators. In addition, syno-
vitis and osteoarthritis are known to persist 
following surgical repair of cruciate injuries.  
Therefore, breeds predisposed to cruciate 
injuries, such as Rottweilers, may inherently 
be predisposed to the development of 
periarticular HS.7 Interestingly, admin-
istration of anti-inflammatory medications 
has been found to reduce the risk of HS in 
Bernese mountain dogs, further supporting 
the theory in regard to inflammation’s role in 
the development of periarticular HS.7,14  
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1. Spinal tuberculosis in humans is known by which of the following eponyms?
a. Potts’ disease
b. Pan’s disease
c. Sink’s disease
d. Soap’s disease

2. Which of the following is the most common presentation of Paecilomyces infection in the dog?
a. Keratitis
b. Endocarditis
c. Nephritis
d. Discospondylitis

3. True or false.  Osteoporosis is characterized by loss of bone density with normal mineralization.
a. True
b. False

4. Which of the following immunomarker is used for identification of hemophagocytic forms of 
histiocytic sarcoma?

a. IBA-1
b. CD-11b
c. CD31
d. CD-204

5. True or false? Hemophagocytic histiocytic sarcoma is derived from interstitial dendritic cells.
a. True
b. False

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2021-2022 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE.
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  C o n f e r e n c e 22       6 April 2022 

 

CASE I: RP 18046 (JPC 4153154)  

 

Signalment: Juvenile, male Western Turkey 

Vulture (Cathartes aura aura) 

 

History:  
The vulture was found down and unable to 

rise or fly. Physical exam showed severe 

paresis and absence of pain sensation in both 

legs. Due to poor prognosis for return to the 

wild, humane euthanasia was elected. 

 

Gross Pathology:  

Numerous variably sized, well demarcated, 

white to tan nodules were randomly scattered 

throughout the kidneys and intestine.  

 

Laboratory Results:  

PCR (frozen kidney): 

 Avian Poxvirus REV LTR flanking 

region: positive with 100% identity to 

Vultur gryphus poxvirus genome 

(GenBank: AY246559) 

 Avian Poxvirus core P4b protein 

gene: positive with 100% identity to 

Avipoxvirus isolate Hawaii isolate 

P62 4b core protein gene (GenBank: 

KC0180210) 

  

Microscopic Description: 

Kidney: One section of kidney is examined. 

Approximately 80% of the renal parenchyma 

is effaced by a dense inflammatory infiltrate 

that extends throughout the interstitium, 

surrounding and replacing tubules and 

glomeruli. The inflammation is composed 

predominantly of macrophages with fewer 

lymphocytes, plasma cells, heterophils, and 

multinucleated giant cells. Macrophages 

frequently contain brightly eosinophilic, 

cytoplasmic material that varies in 

appearance from unstructured, granular to 

globular material to discrete, round 

inclusions with a central clear zone 

reminiscent of Bollinger bodies. Multifocal 

areas of necrosis are present throughout the 

inflammatory infiltrate, characterized by loss 

of cellular detail and architecture with 

hypereosinophilic and karyorrhectic cellular 

debris. 

 

 

 
Figure 1-1. Kidney, turkey vulture. Renal architecture is 
diffusely effaced by a dense infiltrate of inflammatory 
cells and cell debris. (HE, 5X) 
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Not included on this slide:  

Similar inflammation with intrahistiocytic, 

intracytoplasmic inclusions were present in 

the spleen, adrenal glands, thyroid glands, 

proventriculus, intestine, pancreas, cloaca, 

and bone marrow. Areas of epithelial 

hyperplasia with characteristic Bollinger 

bodies were present in the esophageal 

mucosa and skin surrounding the vent. 

 

In-situ hybridization for avian poxvirus core 

P4b protein gene (kidney): diffuse positive 

labeling within macrophages. 

 

Contributor’s Morphologic Diagnoses:  

Kidney: marked, subacute, diffuse, granulo-

matous and necrotizing nephritis with 

intrahistiocytic viral inclusions (avian pox-

virus by PCR and in-situ hybridization) 

 

Contributor’s Comment: 

Death of this juvenile turkey vulture was due 

to widespread granulomatous inflammation 

affecting multiple organs. Macrophages 

within this inflammation often contained 

intracytoplasmic inclusions that often 

resembled typical poxvirus-associated 

Bollinger bodies. In addition to this 

inflammatory process within the visceral 

organs, typical proliferative poxviral lesions 

were present in the esophagus and skin 

surrounding the vent. Two PCR assays 

targeting different regions of the avian 

poxvirus genome (REV LTR flanking region 

and core P4b protein gene) detected the 

presence of avian poxvirus DNA in frozen 

kidney from this turkey vulture. An in-situ 

hybridization probe designed to target the 

avian poxvirus core P4b protein gene also 

detected the presence of avian poxvirus DNA 

within infiltrating macrophages in the 

kidney. Based on the histopathologic and 

molecular findings, the cause of the 

widespread inflammatory lesions was 

attributed to a systemic infection with avian 

poxvirus. The limb paresis noted clinically in 

this turkey vulture was due to extension of the 

inflammation from the kidneys along the 

sciatic nerves. 

 

Avian poxviruses are DNA viruses in the 

family Poxviridae, subfamily Chordo-

 
Figure 1-2. Kidney, turkey vulture.  There is extensive necrosis of tubules with infiltration by large numbers of debris-laden 
macrophages, and fewer lymphocytes and heterophils (left) and there are scattered areas of coagulative and lytic necrosis 
(right). (HE, 190X) 
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poxviridae, genus Avipoxvirus that affect a 

wide range of bird species 

 

In commercial poultry productions, avian 

pox is of economic importance due to 

decreased egg production, stunted growth, 

and variable mortality rates in infected 

flocks.14 Avian poxvirus infections are 

classically divided into two forms: cutaneous 

or “dry” pox, and diphtheritic or “wet” pox. 

Lesions associated with dry pox include one 

to multiple proliferative, crusty to ulcerated 

nodules on the non-feathered skin. Birds with 

wet pox develop proliferative plaques or 

caseous pseudomembranes on the mucosa of 

the oropharynx, esophagus, and upper 

respiratory tract.14 Both forms of avian 

poxvirus share similar histologic findings 

including epithelial hyperplasia and 

ballooning of epithelial cells with large, 

cytoplasmic, eosinophilic viral inclusions 

referred to as Bollinger bodies.14  

 

A third form, systemic avian pox, has been 

rarely reported and most commonly causes a 

widespread respiratory infection in canaries 

with high mortality rates.14 Affected canaries 

develop fibrinous pneumonia, tracheitis, and 

air sacculitis with proliferative respiratory 

epithelial cells containing eosinophilic, 

intracytoplasmic inclusions.1,2,8,11,12 Addi-

tionally, inclusions were also identified in 

splenic and thymic reticuloendothelial cells1, 

and mononuclear cells in the thymus, bursa 

of Fabricius, spleen, and bone marrow.12 

Similar avian pox-associated respiratory 

infections have also been reported in 

sparrows2,4 and rosy-faced lovebirds15, in 

which inclusions were also identified in 

coelomic serosal cells4 and in the bone 

marrow, bursa of Fabricius, and mononuclear 

cells within the bones of the digits and 

skull.15  

 

Systemic avian pox can cause predominantly 

non-respiratory infections as well. Kim et al. 

2003 described a captive Andean condor with 

granulomatous nodules in the heart, lung, 

liver, kidney, small intestine, pancreas, and 

spleen. Inclusions were identified within 

macrophages in these nodules as well as in 

biliary epithelium, splenic reticulo-

endothelial cells, and thymic and bursal epit-

helial cells. Similar nodular granulomatous 

 
Figure 1-3. Kidney, turkey vulture.  Degenerating renal tubular epithelial cells occasionally contain 4um round granular 
eosinophilic viral inclusions (Bollinger bodies) (arrows). (HE, 250X) 
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inflammation within parenchymal organs 

with intrahistiocytic inclusions has been seen 

in other wild and captive Cathartiformes, 

including the present case, as well as in 

multiple species of Passerines, Coracii-

formes, and Cuculiformes (Sinnott et al., 

submitted for publication).  

 

Ten species of avian poxvirus are currently 

recognized by the International Committee 

on Taxonomy of Viruses: fowlpox virus, 

canarypox virus, juncopox virus, mynahpox 

virus, pigeonpox virus, psittacinepox virus, 

quailpox virus, sparrowpox virus, starlingpox 

virus, and turkeypox virus 

(www.ictvonline.org), although numerous 

strains exist. Phylogenetic studies using 

sequences of the core P4b protein gene 

divides avian poxviruses into three clades: 

clade A (fowlpox viruses), clade B 

(canarypox viruses), and clade C 

(psittacinepox viruses).6 It is speculated that 

systemic avian poxvirus disease is associated 

with infection by strains in the B1 subclade 

(Sinnott et al., submitted for publication).1  

 

The exact pathogenesis of systemic pox in 

birds is not fully understood, and additional 

work on host factors, epidemiology of 

infection, and genomic analysis is ongoing.  

Systemic involvement of poxviruses is rare in 

domestic animals with the exception of 

sheeppox and goatpox, which cause systemic 

infections often with high mortality in 

susceptible flocks.7 Transmission of these 

viruses occurs via inhalation or skin 

abrasions, followed by systemic viremia. 

Affected sheep and goats develop typical 

poxviral cutaneous lesions in sparsely fleeced 

areas as well as dermal and subcutaneous 

edema, vasculitis, proliferative alveolitis and 

bronchiolitis, and gastrointestinal ulceration. 

Visceral organs such as the heart, kidney, 

liver, adrenal gland, thyroid gland, and 

pancreas are infiltrated by sheeppox cells, 

mononuclear cells characterized by 

intracytoplasmic viral inclusions and nuclei 

with vacuolated chromatin.7 

 

Contributing Institution:  
San Diego Zoo Global 

Disease Investigations 

P.O. Box 120551 

San Diego, CA 92112-0551 

https://institute.sandiegozoo.org/disease-

investigations 

 

JPC Diagnosis: 

Kidney: Nephritis, tubulointerstitial, necro-

tizing and granulomatous, diffuse, severe, 

with marked tubular loss and numerous 

intracytoplasmic viral inclusions (Bollinger 

bodies).  

JPC Comment:  

The contributor provides an outstanding 

review of avipoxviruses and their 

characteristic manifestations of cutaneous, 

diphtheritic, and systemic disease in avian 

species. 

 

Route of transmission plays a significant role 

toward the development of the diphtheritic 

and cutaneous forms of the disease.  The 

 
Figure 1-4.  Kidney, turkey vulture. There is diffuse 
positive labeling within macrophages via in-situ 
hybridization for avian poxvirus core P4b protein. 
(Photo courtesy of:  San Diego Zoo Global, Disease 
Investigations, P.O. Box 120551, San Diego, CA 92112-
0551, https://institute.sandiegozoo.org/disease-
investigations) 
 

about:blank
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cutaneous or “dry” form of avian pox is 

commonly transmitted by arthropod vectors 

but can also be directly transmitted between 

infected and susceptible birds.  Indirect 

transmission may also occur through 

contaminated water and food as well as 

contact with fomites.  In contrast, the 

diphtheritic or “wet” form of avian pox 

occurs following inhalation of the virus.  

Although aerosol transmission occurs less 

commonly than via direct contact, birds 

housed in close confinement situations such 

as aviaries or rehabilitation facilities are at 

increased risk of developing diphtheritic 

avian pox.5   

 

Interestingly, poxviruses indirectly played a 

major role in the establishment of the United 

States Department of Agriculture as the 

regulatory agency for veterinary biologic 

products.  The US Congress passed the 

Virus-Serum-Toxin (VST) Act in 1914 

following an outbreak of foot-and-mouth 

disease that had been traced to contaminated 

smallpox vaccine virus that had been 

imported from Japan.  The VST Act 

authorized the Secretary of Agriculture to 

prevent the preparation and marketing of 

worthless, contaminated, dangerous, or 

harmful virus, serum, toxin, or analogous 

products.  The first license issued for an avian 

product following passage of the VST Act 

was provided to the University of California, 

Berkley on January 13th, 1916 for a fowlpox 

vaccine labeled “for the prevention of 

chicken pox.”3 

 

Mosquitoes, especially Culex and Aedes spp. 

are commonly implicated as mechanical 

vectors of avipoxviruses and are able to retain 

viable virus on the proboscis for at least 14 

days after feeding on an infected bird.  The 

mosquito then mechanically transmits the 

virus to additional susceptible birds during 

subsequent blood meals, allowing it to serve 

as a key bridge between reservoirs and naïve 

hosts.  In addition to mosquitoes, biting 

midges and mites also been implicated as 

mechanical vectors of avipoxviruses.16  

 

Poxviruses have large complex genomes 

encoding several genes that interfere with 

host-cell apoptosis mechanisms. Examples 

include viral Bcl-2 (vBcl-2) mimics that 

modulate with the intrinsics1apoptosis 

pathway as well as other inhibitory strategies 

targeting the extrinsic pathway, such as TNF 

receptor homologs.  In situations where the 

intrinsic apoptosis pathway is uninhibited, 

some viral infections initiate programmed 

cell death through the activation of BH3 

proteins.  These sensor proteins promote 

apoptosis through the neutralization of pro-

survival Bcl-2 proteins or by directly 

facilitating oligmerization of pro-apoptotic 

proteins (e.g. Bak and Bax) on the 

mitochondrial outer membrane. Two vBcl-2 

mimics specifically sequenced in 

avipoxviruses include FPV039 from fowl 

poxvirus (FPV) and CNP058 from canary 

poxvirus (CNPV).  FPV039 suppresses the 

intrinsic apoptosis cascade through 

interactions with all pro-apoptotic Bcl-2 

proteins, including Bax, resulting in 

inhibition of mitochondrial pore formation.  

In contrast, CNP058’s interactions are 

restricted to a specific set of BH3 only 

proteins (e.g. Bim), resulting in their 

sequestration and preventing interaction with 

Bak and Bax, preventing apoptosis.13 

 

Participants engaged in spirited discussion in 

regard to the presence of intracytoplasmic 

inclusions (i.e. Bollinger bodies) within 

macrophages.  Although participants suspect-

ted many cells with intracytoplasmic 

inclusions to be macrophages, they could not 

definitively differentiate between macro-

phages and sloughed epithelial cells. 

Participants unanimously agreed cytoplasmic 

inclusions are present within epithelial cells. 
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In addition, the moderator utilized the 

conference as an opportunity to educate 

participants on Otto von Bollinger (1843-

1090), the German pathologist credited with 

first describing the fowlpox inclusion bodies 

now bearing his name.  Bollinger is also 

credited with describing the etiologic agent 

of bovine actinomycosis (Actinomyces bovis 

- "lumpy jaw") in 1877, providing an early 

description of delayed traumatic intracerebral 

hematoma in 1891, studies on rabies and 

hydrophobia, and he was a co-founder and 

editor of a German journal for veterinary 

medicine and comparative pathology.  
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2019;100(5):838-850. 

 

CASE II: A20-12826 (JPC 4166557)  

 

Signalment:  
64-week-old female, Shaver White Leghorn, 

(Gallus gallus domesticus) chicken 

 

History:  
Weekly mortality rate increased from 0.42% 

to 0.50% 

 

Gross Pathology:  

The coelomic cavity contained 50 mL 

serosanguineous fluid with variably sized 

blood clots.  The liver was enlarged, friable, 

and mottled pale to dark red with yellow foci.  

Hepatic fractures were associated with 

hemorrhage into adjacent parenchyma and 

subcapsular or capsular blood clots. The 

spleen was diffusely enlarged and friable.   

 

Laboratory Results:  

The liver was positive for avian hepatitis E 

virus nucleic acid by PCR.  No pathogenic 

bacteria were isolated from culture of liver or 

spleen.  Rare Spirurida spp. were detected in 

cecal content by fecal flotation. 

 

Microscopic Description: 

In the section of liver, coalescing foci and 

tracts of lytic necrosis are associated with 

variable hemorrhage and influx of 

leukocytes. Necrotic tissue is bordered by 

edematous fibrous stroma and diffusely 

infiltrated by lymphocytes, plasma cells, and 

macrophages with patchy accumulation of 

homogeneous eosinophilic material.  Some 

portal venules have fibrinoid change with 

variable infiltration by mononuclear 

leukocytes. Viable hepatic lobules are 

disorganized with disrupted plates and 

individualization of hepatocytes.  Spaces of 

Disse are widened by plasma or fibrin.  Portal 

tracts are infiltrated by lymphocytes and 

plasma cells. The hepatic capsule is 

edematous with fibroplasia and hyper-

trophied mesothelial cells.   

 

Contributor’s Morphologic Diagnoses:  

Multifocal necrotizing and hemorrhagic 

hepatitis 

 

Contributor’s Comment: 

Avian hepatitis E virus (HEV) is considered 

the major cause of hepatitis-splenomegaly 

syndrome (HS) in chickens, which was first 

described in Canada in 1991 and 

subsequently in the US.1,3  The conditions 

known as big liver and spleen disease (BLS) 

in Australia (reported in 1980) and hepatic 

rupture hemorrhage syndrome (HRHS) in 

China are attributed to variants of the same 

virus.5  The virus, isolated from US cases in 

2001, commonly results in subclinical 

infection, but can also cause slight increases 

in mortality from 30-72 weeks of age in 

broiler-breeders and layers as well as 

decreased egg production.6  Oral inoculation 

of 60-week-old specific-pathogen-free 

chickens with avian HEV resulted in 

infection and lesions of HS in about one-

fourth of the infected chickens.3  

  

Gross lesions typically include spleno-

megaly—though not as consistently as in 

BLS—along with a large, pale, and friable 

liver that has multifocal hemorrhages, 

subcapsular hematomas, and blood clots 

adherent to the hepatic capsule.2,3   

 
Figure 2-1. Liver, chicken. There is diffuse loss of 
hepatic architecture and several large areas of necrosis 
(arrows) at subgross magnification. (HE, 5X) 
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Histologically, coalescing foci of 

hemorrhagic necrosis are associated with 

lymphocytic hepatitis.  Inflammation is most 

severe around portal venules, described as a 

lymphocytic periphlebitis; variable number 

of plasma cells, macrophages, and 

heterophils accompany the lymphocytes.  

Segmental lymphocytic portal phlebitis is 

accompanied by accumulation of 

homogeneous eosinophilic material that 

resembles amyloid, but generally is not 

congophilic.2,3   

 

Diagnosis is based on typical history (slight 

increase in mortality in broiler-breeders or 

layers), lesions, and—because it is difficult to 

isolate from cell culture—identification of 

the virus by avian HEV-specific nested RT-

PCR.5  Transmission is mainly by the fecal-

oral route, thus more common in cage-free 

than in caged chickens.4  Biosecurity and 

prevention of fecal-oral transmission is 

recommended for control because no 

commercial vaccine is available.5 Co-

infections, e.g., with avian leucosis virus or  

 

Marek’s disease virus, are common in 

clinical cases.5,6   

 

Avian hepatitis E virus has four major 

genotypes and is classified in the 

Orthohepevirus B genus along with 

mammalian hepatitis E viruses.5  However, 

although interspecies transmission occurs 

between chickens and other birds (turkeys 

experimentally and wild birds), avian 

hepatitis E viral transmission to pigs, rhesus 

monkeys, or humans has not been 

documented, so it is generally not considered 

to have a public health risk.5     

 

Contributing Institution:  

Purdue University 

Animal Disease Diagnostic Laboratory:  

http://www.addl.purdue.edu/ 

Department of Comparative Pathobiology:  

https://vet.purdue.edu/cpb/ 

 

JPC Diagnosis: 

Liver: Hepatitis, necrotizing, random, 

multifocal to coalescing, chronic, severe, 

with lymphocytic cholangiohepatitis.  

 

 
Figure 2-2. Liver, chicken.  Bands of coagulative necrosis course across the parenchyma (bottom) and are bounded by granulation 
tissue. (HE, 131X) 

https://vet.purdue.edu/cpb/
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JPC Comment:  

The contributor provides a concise summary 

of Avian hepatitis E virus (HEV), the 

etiologic agent of big liver and spleen 

disease, hepatitis-splenomegaly syndrome, 

and hepatic rupture hemorrhage syndrome in 

chickens.   

 

Avian HEV is a non-enveloped, single-

stranded positive-sense RNA virus composed 

of an approximately 6.6 kb genome with 

three open reading frames (ORFs) and non-

coding regions at the 5’ and 3’ ends. The 

assembly and release of viral particles is 

mediated by a non-structural polyprotein 

encoded by ORF1, which is composed of 

methyltransferase, papain-like protease, viral 

helicase, and RNA dependent RNA 

polymerase.  ORF2 encodes the capsid 

proteins, which serve as the major antigentic 

epitopes associated with immune responses 

and play multiple roles in both viral 

replication and pathogenesis.  ORF3 encodes 

a phosphoprotein that associates with the host 

cell’s cytoskeleton.8 

 

As noted by the contributor, broiler breeder 

hens and layers between 30-72 weeks of age 

are most commonly affected by avian HEV.  

The disease is typically subclinical with a 

mortality rate of only 0.3-1.0% in affected 

flocks.  However, these subclinical infections 

likely contribute toward avian HEV's 

widespread distribution since the virus is 

readily shed by infected animals into the 

environment, resulting in contamination of 

feed, drinking water, and bedding.7,8 

Following ingestion, the virus undergoes 

primary replication within the gastro-

intestinal tract, with detectable virus within 5 

days post infection (dpi) in the colon and 

cecum under experimental conditions, as 

well as within the ileum (7dpi), duodenum 

and jejunum (20dpi), and cecal tonsils 

(35dpi).  Based on mammalian HEV 

infections, the virus then travels to the liver 

as a secondary site of replication where it is 

subsequently released into bile produced by 

infected hepatocytes.  The contaminated bile 

is then expressed as part of the normal 

digestive process and eventually excreted 

into the environment.7      

 
Figure 2-3. Liver, chicken. Bands of coagulative necrosis course across the parenchyma (bottom) and are bounded by 
granulation tissue.  Above, in the viable parenchyma, there are foci of lymphocytic inflammation within portal areas that 
extend into adjacent hepatic plates, and a portal arteriole has a smudgy eosinophilic wall (fibrinoid necrosis) (arrow). (HE, 
181X) 
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Despite HEV’s low mortality rate and 

typically subclinical infections, it is a disease 

of economic significance.  For example, in 

Australia nearly 50% of flocks are affected, 

resulting in an annual loss of eight eggs per 

hen in affected flocks, leading to the loss of 

2.8 million Australian dollars per year.  

Within the United States, one survey of 1276 

chickens from 76 flocks in five states found 

71% of flocks to be seropositive.  In addition, 

the study found seropositivity increased 

based on age, with only 17% of chickens less 

than 18 weeks of age were seropositive, 

while the 36% of adult chickens had 

circulating avian HEV antibodies.7  

 

Although the host range of avian HEV is 

limited to chickens under field conditions, 

experimental infection has successfully been 

demonstrated in turkeys (Melagris 

gallopavo), which not only seroconvert but 

also develop viremia and shed the virus in 

feces.  Attempts to experimentally infect both 

mice and rhesus macaques have been 

unsuccessful.7   
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CASE III: A-808/18 (JPC 4137576) 

 

Signalment:  

Muscovy duck (Cairina moschata) flock 

between 36 and 61 days of age. 

 

History:  

Ducks from a meat-producing farm in Delta 

de l’Ebre, Tarragona (Spain) presented with 

prostration, diarrhea and high mortality rates. 

They were previously vaccinated against 

enteric parvovirus. Ten ducks were submitted 

for necropsy, histopathology and additional 

diagnostic tests. 

 

Gross Pathology:  

Ten birds were sent for necropsy. Feathers 

and shanks were spotted with feces (soiled 
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vents). The intestine content was liquid, and 

the intestinal mucosa showed multifocal 

petechiae. The intestinal wall was also 

thickened and multifocally to diffusely 

reddened, with small amounts of clotted 

blood.   

 

In some of the birds, liver was enlarged, 

showing multifocal whitish discolorations. In 

addition, fibrin deposits were seen over the 

air sacs and multifocal petechiae in the 

mucosa of the proventriculus were seen. 

 

In all the birds, cecum scrapings revealed 

high amounts of flagellated protozoa and 

helical shaped bacteria. 

 

Laboratory Results:  

Cecum samples were taken for microbiologic 

culture, antibiotic sensitivity test and 

histopathology. Escherichia coli was isolated 

in all the cases, being the most abundant 

growth in 7 out of the 10 submitted birds. In 

3 cases, Riemerella anatipestifer was the only 

and most abundant isolated bacteria. 

 

In addition, tracheal and cloacal swab 

samples from all birds were taken to rule out 

Avian Influenza by means of a conventional 

RT-PCR. In 3 cases, RT-PCR for Riemerella 

anatipestifer was also performed from heart 

and liver samples. RT-PCR for Avian 

Influenza was negative in all the cases. In 

contrast, RT-PCR for Riemerella 

anatipestifer was positive in the 3 animals 

tested. 

 

Microscopic Description: 

Cecum: There is diffuse loss of the epithelial 

lining of the mucosa with an increased 

number of mitotic figures in   the Lieberkühn 

crypts epithelium.  The lamina propria show 

a marked congestion in its upper part and is 

markedly expanded by high amounts of both, 

viable and degenerated, heterophils and 

lymphocytes.  Segmental areas of marked 

distortion of the whole mucosae (epithelium, 

lamina propria and muscularis mucosae) are 

seen. These areas are characterized by high 

amounts of karyolitic, karyorrhectic debris 

admixed with heterophils and lymphocytes 

(lytic necrosis) that extend to the underlying 

lymphoid tissue of the submucosa. Admixed 

with this necrotic material as well as in 

Lieberkühn glands some of the degenerated 

epithelial cells show marginated chromatin 

and intranuclear and eosinophilic inclusion 

bodies.  In general, submucosal lymphoid 

tissue is markedly depleted and high amounts 

 
Figure 3-1. Proventriculus, Muscovy duck. There is 
multifocal petechial hemorrhage within the 
proventricular mucosa.   (Photo courtesy of:  Veterinary 
Pathology Department, Veterinary Faculty, 
Autonomous University of Barcelona, 08193 Bellaterra, 
Barcelona, Spain.) 
 

 
Figure 3-2. Ceca and ileum, Muscovy duck. There is 
segmental necrosis and hemorrhage within the cecal 
and ileal tonsils.  (Photo courtesy of:  Veterinary 
Pathology Department, Veterinary Faculty, 
Autonomous University of Barcelona, 08193 Bellaterra, 
Barcelona, Spain.) 
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of pyknotic, karyolytic and karyorrhectic 

lymphocytes are seen, together with 

degenerated heterophils.  

 

Sporadically, either free in the intestinal 

lumen or multifocally attached to the 

remnants of the epithelial layer or to the 

denuded lamina propria, moderate to high 

amounts of bacillary bacterial colonies are 

observed. Gram staining revealed they were 

gram-positive bacilli.  

 

Contributor’s Morphologic Diagnoses:  

Cecum: subacute, segmental to diffuse 

necrotizing typhlitis with intranuclear viral 

inclusion bodies in enterocytes and 

intralesional bacterial colonies.  

 

Contributor’s Comment: 

The clinical signs together with both gross 

and microscopic lesions are suggestive of an 

infection with Anatid herpesvirus 1 (Genus 

Mardivirus, family Herpesviridae and 

subfamily Alphaherpesvirinae), the causative 

agent of duck virus enteritis (DVE), also 

known as duck plague. DVE is an acute, 

contagious disease of ducks, geese and swans 

of all ages, characterized by vascular 

damage, tissue hemorrhages, necrosis and 

depletion of lymphoid organs, and 

degenerative changes in parenchymatous 

organs.3 It is known to have a global 

distribution, wherein migratory waterfowl 

play a crucial role in disease transmission 

between continents;1 and it is a cause of 

significant economic losses in domestic and 

wild waterfowl due to mortality,  

condemnations, and decreased egg 

production.3 

 

Natural outbreaks of duck plague have been 

reported in birds from 7 days of age to 

adulthood.1 The incubation period in 

domestic ducks ranges from 3-7 days. After 

overt signs appear, death usually follows 

within 1-5 days.3 DVE can be transmitted by 

direct contact between infected and 

susceptible birds or indirectly by contact with 

a contaminated environment, mainly the 

water.3 In our case, the duckling farm is set in 

the biggest delta in Catalonia-Delta de 

l’Ebre-, where many wild birds inhabit.  

 

Secondary bacterial infections with 

Pasteurella multocida, Riemerella anati-

pestifer and Escherichia coli are often seen in 

natural outbreaks of DVE strains with low 

virulence in young ducklings as a result of 

immunosuppressive effect of the virus.3 In 

this case, gram-positive bacillary bacteria 

were histologically seen in 4 out of 10 

animals, suggesting a secondary infection 

with Clostridium spp., which can be 

attributed to a loss of intestinal barrier, 

dysbiosis and the concurrent immunosup-

pression by direct effect of DEV. 

 

DVE rapidly spreads with high mortality 

rates in high densities farms. Breeder ducks 

are usually maintained at the same location 

throughout their productive lives; therefore, 

once a breeder population is exposed to the 

virus, DVE infection is self-limiting. In 

contrast, market ducks are progressively 

moved, as they mature and are relocated in 

areas formerly occupied by the next oldest 

age group.3 The latter is the scenario seen in 

our case, as ducks enter the farm at 1-day old 

 
Figure 3-3. Cecum, Muscovy duck.  There is diffuse loss, 
blunting and fusion of mucosal villar projections.  
Lymphoid tissue is diffusely necrotic with dense 
aggregates of inflammatory cells viewable at subgross 
magnification.  (HE, 20X) 
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age and are progressively moved to different 

pens until they go to slaughterhouse. 

 

Regarding latency of the virus, similarly to 

other herpesviruses, it takes place in the 

trigeminal ganglion3, although it has been 

revealed that lymphoid tissues and peripheral 

blood lymphocytes (PBL) are as well main 

latency sites for DEV.1 Because of the 

latency phenomenon, carrier states have been 

described in wild ducks (especially Mallard 

ducks, which are considered reservoirs of the 

virus) and also in recovered birds, that can 

shed the virus periodically. Posterior 

reactivation has been blamed for precip-

itating outbreaks in domestic and migrating 

waterfowl populations triggered by 

immunosuppression. Recently it has been 

reported a reactivation of DEV and 

subsequent outbreaks due to the stresses 

resulting from the physiological changes in 

the duration of daylight and onset of 

breeding, suggesting a certain seasonality in 

the course of the disease.1  

 

DVE virus infects and multiplies in mucosal 

epithelial cells of the gastrointestinal (GI) 

tract, macrophages and lymphocytes of 

lymphoid organs (thymus, bursa of Fabricius, 

spleen), and later in the liver and endothelial 

cells (particularly those of small blood 

vessels, like venules and capillaries). 

Therefore, gross lesions are associated with 

disseminated intravascular coagulopathy and 

necrotic degenerative changes in mucosa and 

submucosa of GI tract in lymphoid and 

parenchymatous organs. Microscopic lesions 

initially occur in of blood vessels, especially 

small blood vessels. The endothelial lining is 

disrupted and connective tissue of the vessel 

wall become less compact, leading to 

hemorrhages. Microscopic changes can be 

found in any visceral organs including those 

without gross lesions. A hallmark feature of 

herpesvirus infections is the presence of 

eosinophilic intranuclear and less frequently 

cytoplasmic inclusions, seen in chief sites of 

viral replication.1,3 

 

Although a presumptive diagnosis can be 

made on the basis of gross and 

histopathologic lesions, isolation and 

identification of DEV confirm the diagnosis. 

Differential diagnosis for DEV requires 

consideration of other diseases producing 

hemorrhagic and necrotic lesions in 

anseriformes such as duck virus hepatitis, 

fowl cholera, necrotic enteritis, coccidiosis, 

and specific intoxications. Newcastle 

disease, fowl pox, and fowl plague are 

reported to produce similar changes in 

anseriformes; however, these diseases have 

been infrequently reported.3 

 

Samples recommended for virus isolation are 

liver, spleen, bursa, kidneys, PBL and cloacal 

swabs. Many techniques have been described 

to reach a certain diagnosis of DVE (virus 

isolation, propagation and identification; 

antigen capture ELISA, different types of 

PCR or loop-mediated isothermal 

 
Figure 3-4. Cecum, Muscovy duck:  There is diffuse 
necrosis of cecal tonsillar lymphoid tissue throughout 
the section.  (HE, 380X) 

 
Figure 3-5. Cecum, Muscovy duck. Lymphoid necrosis 
extends into the underlying submucosal GALT.  (HE, 
141X) 
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amplification – LAMP). The quickest and 

cheapest tool to use for on-farm and 

laboratory diagnosis is LAMP.1,3 

 

Because there is no specific treatment for 

infection with DVE, prevention of the disease 

is highly recommended. It is achieved by 

maintaining susceptible birds in 

environments free from exposure to the virus. 

These measures include quarantine before 

introducing new animals into a flock and 

avoiding direct and indirect contact with 

possibly contaminated material. After DEV 

has been introduced, control can be achieved 

by depopulation, removal of birds from the 

contaminated environments, sanitation, 

disinfection, and vaccination of all 

susceptible ducklings.1,3 

 

Vaccination has been used as a preventive 

measure and also for controlling disease 

outbreaks. Inactivated vaccines have been 

tried but they have not been as efficacious as 

modified live virus vaccines. Vaccination 

guideline is as follows: administration by 

subcutaneous or IM routes in domestic 

ducklings more than 2 weeks of age. 

Moreover, flocks maintained for more than a 

year are revaccinated annually.3 

 

Contributing Institution:  

Veterinary Pathology Department, 

Veterinary Faculty, 

Autonomous University of Barcelona, 08193 

Bellaterra, Barcelona, Spain. 

 

JPC Diagnosis:  

Cecum:  Typhlitis, necrotizing, diffuse, 

severe, with marked lymphocytolysis and 

intraepithelial intranuclear viral inclusions. 

JPC Comment:  

The contributor provides a very thorough 

synopsis of the epidemiology, pathogenesis, 

and control measures associated with anatid 

herpes virus 1, the etiologic agent of duck 

virus enteritis (DVE), also known as “duck 

plague”.  Anatid herpes virus 1 presents a 

major challenge to the commercial duck 

industry and is associated with both 

decreased egg production and increased 

mortality in unvaccinated flocks, despite 

availability of effective vaccines.1,2 

 

Baudet first described features consistent 

with duck plague in 1926 in the Netherlands, 

detailing an acute hemorrhagic disease 

amongst domesticated ducks. Baudet 

concluded the disease was a duck-adapted 

strain of fowl plague virus as he was able to 

induce the disease in domestic ducks by 

infusing filtered liver suspensions but not in 

chickens.  Anatid herpesvirus 1 was 

subsequently isolated and identified in 1949, 

also in the Netherlands.2   Wild waterfowl 

were confirmed to be carriers by Friend & 

Pearson in 1973 following several major 

outbreaks in domestic and migratory 

waterfowl.  Between 1970-1995, more than 

100 outbreaks were reported in regions 

throughout North America, Europe, the 

Middle East, and Asia.1 The disease remains 

to be a significant issue, as demonstrated by 

a 2016 outbreak in Egypt that affected 

approximately 1,400,000 unimmunized 

ducklings across 10 flocks (6 Muscovy and 4 

pekin ducks), with mortality rates ranging 

from 20-60% on affected farms.2  

 

In addition to sudden death, common clinical 

signs include depression, anorexia, increased 

thirst, dehydration, weakness, ruffled 

 
Figure 3-6. Cecum, Muscovy duck. Nuclei of remaining 
mucosal epithelium contains intranuclear viral 
inclusions (arrows). (HE, 933X) 
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feathers, photophobia, head and neck 

tremors, green watery diarrhea, and 

hematochezia.  In addition, penile prolapse is 

another clinical sign seen in male birds.  

Death typically occurs within 5 days of the 

onset of clinical signs in 60-90%, with higher 

mortality rates affecting breeders than 

younger birds, likely due to increased stress.1 

 

Interestingly, susceptibility to anatid herpes 

virus 1 varies within the waterfowl family 

Anatidae, with some domestic ducks (Aas 

platyrhynchos) such as the white Pekin and 

Muscovy ducks (Cairina moschata) being 

particularly susceptible.  Outbreaks have also 

been reported in non-Anseriformes water-

fowl, including common coots (Fulica atra) 

and crested coots (Flilica cristata).  In 

contrast, mallards (A. platyrhynchos) are 

resistant to the lethal effects of the virus and 

are thought to be a natural reservoir.  

Additional species that have demonstrated a 

high prevalence of anatid herpesvirus 1 via 

loop-mediated isothermal amplification 

(LAMP) and also may act as carriers include 

mute swans (Cygnus olor), greyleg geese (A. 

anser), tundra bean geese (A. fabalis), and 

grey herons (Ardea cinerea).1  In addition, the 

virus is resistant to environmental 

degradation, retaining its ability to infect new 

hosts for several weeks in unfavorable 

environments and is able to survive in a pH 

range of 4-10.  Therefore, commercial 

operations often enact stringent biosecurity 

measures, including limiting flock access to 

areas inhabited by waterfowl, chlorinating 

water, disinfecting fomites (e.g. footwear), 

promptly removing carcasses, and 

quarantining new arrivals, in addition to 

vaccination programs.1         

 

Ducklings of vaccinated and/or previously 

challenged breeders possess short lived 

immunity to anatid herpesvirus 1, which can 

interfere with vaccination efficacy. One 

study concluded the optimal time for primary 

vaccination to be at 35 days of age, with a 

booster 5 months after the initial inoculation.1   
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CASE IV: 629-183 (JPC 4136414) 

 

Signalment:  
Adult musk lorikeet (Glossopsitta concinna) 

 

History:  
Wild bird found dead and submitted for 

necropsy examination. 

 

Gross Pathology:  

There were multiple white to beige dermal 

exophytic nodules with papillary surfaces 

arising from the skin in various locations on 

the body. The largest mass (40 x 30 x 20mm 

in size) was under the left wing, and smaller 

masses were present bilaterally on the right 

radius and ulna, and on the patagial skin. 

Further masses arose from the ventral neck 

(10 x 5 mm), the dorsal head (2 x 1mm), and 

adjacent to the cloaca (20 x 10 x 5 mm). The 

bird was in thin body condition, but no other 

findings were noted on gross examination. 

 

Laboratory Results:  

No laboratory findings reported. 
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Microscopic Description: 

Feathered skin, dermis and subcutis: A 

multilocular cystic structure is expanding 

within the dermis and compressing adjacent 

structures, interspersed and supported by 

septa of fibrous connective tissue. The cysts 

are lined by thin stratified squamous 

epithelium, and the lumina of the structures 

are filled with abundant keratin. Embedded 

within the keratin, there are large number of 

arthropod cross sections characterized by a 

fragmented chitinous exoskeleton, partially 

intact, jointed appendages, a body cavity with 

striated muscle, multiple cross sections of 

gastrointestinal tract, and male and female 

reproductive tracts. Multifocally the lining of 

the cysts is eroded, and the surface is 

overlayed by a deposit of fibrin containing 

abundant degenerate heterophils. Occasional 

aggregates of cocci, bacilli, and yeasts are 

also present within some of the cystic 

structures. 

 

Contributor’s Morphologic Diagnoses:  

Feathered skin, dermis and subcutis:  Feather 

follicle cysts, multifocal, severe, chronic, 

with intralesional mites and mixed bacteria 

and yeasts. 

 

Contributor’s Comment: 

The gross and histologic presentation in this 

case is compatible with feather follicle cysts 

caused by feather mites. Grossly, feather 

follicle cysts usually present as a bulge at the 

base of the feather, or as an oval or elongated 

dermal nodule or mass filled with yellow-

whitish materials. They are most commonly 

found on the wings and over the back, but can 

appear anywhere on the integument. Such  

cysts can occur as a heritable condition of 

uncertain pathogenesis, especially in soft-

feathered canaries, such as Gloucester and 

Norwich breeds,11 but the condition has also 

been reported in macaws, mynahs, and 

Amazon parrots.8 Feather cysts have also 

been found in parakeets and parrots as an 

acquired condition secondary to infection, 

trauma or any other condition that interferes 

with the feather growth.9 

 

In this case, the formation of these cystic 

structure is caused by the accumulation of 

numerous arthropod mites within the feather 

follicle. The follicular epidermis of infested 

 
Figure 4-2. Feathered skin, musk lorikeet.  At subgross 
magnification, there are numerous dilated feather 
follicles containing mites. (HE, 4X) 
 

 
Figure 4-1. Presentation, musk lorikeet.  Exophytic 
alopecic dermal nodules cover large areas of the bird’s 
skin. (Photo courtesy of:  Faculty of Veterinary and 
Agricultural Sciences, The University of Melbourne, 
Werribee, Victoria, Australia 
http://fvas.unimelb.edu.au) 
 

about:blank
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follicles proliferates to form a cystic structure 

which is distended with mites. Mites extract- 

ed from the follicle cysts in this case were 

identified as Harpyrhynchus rosellacinus 

according to the taxonomic keys of the 

prostigmatic mites (the location of Setae vi 

and ve; the characters of cuticle; and the 

segmentation of leg IV).2,7 The 

Harpyrhynchidae family is exclusive to 

birds,1 and species that have been discovered 

in Australia include H. kakatoe, H. 

monstrosus, and H. rosellacinus.2 Only H. 

rosellacinus is known to cause nodular 

lesions of the feather follicles in lorikeets, 

and it is the only species of mite known to 

cause feather cyst formation in birds.4,6 The 

mite has been found in the feather follicles of 

musk lorikeets (Glossopsitta concinna), 

eastern rosellas (Platycercus eximius), scaly-

breasted lorikeets (Trichoglossus 

chlorolepidotus), and rainbow lorikeets 

(Trichoglossus moluccanus).2  

 

Several species of feather mites are relatively 

common in birds, including blood sucking 

mites, such as Dermanyssus spp. and 

Ornithonyssus spp., which may cause 

anaemia and death in heavy infested cases;6 

and non-pathogenic mites, such as 

Protolichus spp. and Dubininia spp., which 

feed on feather and skin debris only.5 

Unfortunately, most types of mites cannot be 

by identified in histological section due to the 

lack of distinguishing morphologic 

characteristics.  

 

Bacteria and yeasts (most consistent with 

Malassezia sp.) presents with mites in cysts 

are most likely an incidental finding in this 

case.  

 

Contributing Institution:  
Faculty of Veterinary and Agricultural 

Sciences, The University of Melbourne, 

Werribee, Victoria, Australia 

http://fvas.unimelb.edu.au 

 

JPC Diagnosis: 

Feathered skin:  Follicular ectasia, regionally 

extensive, marked, with innumerable mites, 

and ulcerative dermatitis. 

JPC Comment:  

Feather follicle cysts occur when a 

developing feather fails to breach the 

epidermis, resulting in the formation of a cyst 

as the feather continues to grow within the 

follicle.  Therefore, any pathologic condition 

interfering with feather growth and/or 

emergence such as feather follicle dysplasia, 

endocrinopathy, neoplasia, malnutrition, 

 
Figure 4-3. Feathered skin, musk lorikeet.  Higher 
magnification of the contents of a dilated follicle with 
numerous cross sections of mites and abundant keratin 
debris.  (HE, 48X) 
 

 
Figure 4-4. Feathered skin, musk lorikeet.  High 
magnification of a cross section of a follicular mite with 
jointed appendages and underlying skeletal muscle 
(arrows).  (HE, 380X) 
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superficial injury (e.g. feather picking), 

infestation, infection, or a combination of 

these factors predispose the bird to forming 

feather follicle cysts.  Young birds are 

commonly affected by these benign lesions 

as their feathers initially emerge whereas 

older birds are more commonly affected as 

new feathers attempt to emerge during 

moulting, with the risk feather cyst 

development increasing with each 

subsequent moult.10 

 

Also known as ‘hypopteronosis cystica’, 

‘pterylofolliculosis cystica’, and pluma-

folliculomas, feather follicle cysts are 

relatively rare in domestic fowl species, 

while they’re more common in small wild 

and caged birds.  Feather follicle cysts exhibit 

a range of gross features and may be wet or 

dry, solitary or multiple, firm or soft, open or 

closed, fixated or sessile thin walled nodules 

measuring up to 4cm. When exposed, the 

luminal contents are typically composed of 

soft friable concentric lamellar structures 

centered on a malformed feather.10    

 

Commonly known as ‘quill mites’, mites 

within order Prostigmata (including 

Harpyrhynchus spp.) and the superfamily 

Analgoidea (order Astigmata) infest multiple 

avian species, including gallinaceous birds, 

passerines, pigeons, ratites, parrots, and other 

psittacines.  In some cases these mites are 

host specific whereas others infest multiple 

species.  In contrast to other mites that feed 

on blood or sebaceous fluid, quill mites feed 

on the smooth, hollow, colourless part of the 

feather that does not have any barbs and 

inserts into the skin (i.e. the quill or calamus); 

they do not invade the rachis, a continuation 

of the quill to which the barbs attach, forming 

the vane. Clinical signs of quill mite 

infestation are typically mild and include 

irritation and pruritus, feather picking, and 

feather loss.  With the aid of magnification, 

observation of mites within powdery quill 

material of malformed or broken feathers is 

typically diagnostic.3   

 

During conference discussion, there was 

debate in how to best represent the primary 

process taking place in the tissue.  A minority 

of participants favoured heterophilic 

folliculitis, whereas a majority favored 

follicular ectasia as being the cause of the 

heterophilic folliculitis given the previously 

discussed pathogenesis associated with the 

formation of feather follicle cysts. 
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Figure 4-5. Whole mount preparation of Harpyrhynchus 
rosellacinus.  (Photo courtesy of:  Faculty of Veterinary 
and Agricultural Sciences, The University of Melbourne, 
Werribee, Victoria, Australia 
http://fvas.unimelb.edu.au)  
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1. Which of the following is most associated with systemic disease in their respective species? 

a. Cowpox 

b. Monkeypox 

c. Sheeppox 

d. Camelpox 

 

2. Which of the following is the most commonly seen in association with hepatitis in avian hepatitis 

E infection? 

a. Splenomegaly 

b. Encephalitis 

c. Nephritis 

d. Myocarditis 

 

3. Avian hepatitis E belong is which viral genus? 

a. Hepevirus 

b. Rubulavirus 

c. Hepadnavirus 

d. Atadenovirus 

 

4. Which of the breeds of ducks is considered a reservoir for anatid-herpesvirus 1? 

a. Mallard 

b. Muscovy 

c. Merganser 

d. Pintail 

 

5. Which of the following causes feather follicle cysts in birds? 

a. Dermanyssus gallinae 

b. Ornithonyssus bacoti 

c. Harpyrhynchys rosellacinus 

d. All of the above 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2021-2022 Wednesday Slide Conference. This 



RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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   C o n f e r e n c e 23       20 April 2022 
 
CASE I: S 962-17 (JPC 4116730)  
 
Signalment:  
Seven-month-old, male sheep (Ovis aries) 
 
History:  
The sheep was presented due to persistent chronic 
stridor. Endoscopically, the larynx was severely 
swollen. Finally, the animal was sacrificed due to 
acute onset of severe respiratory distress. 
 
Gross Pathology:  
Macroscopically, the larynx exhibited a severe, 
diffuse edema with obstruction of the laryngeal 
cavity. Bilaterally, the mucosa of the dorsal parts 
of the arytenoid cartilages showed approximately 
0.5 cm in diameter sized, dark brown, focal 
defects with extension into the cartilage. Within 
the cartilage, a 0.5 x 1 x 1 cm large cavity filled 
with a yellowish, viscous material was present.  
Additionally, the right cranial and medial 
pulmonary lobes displayed a moderate, 
multifocal, catarrhal and suppurative broncho-
pneumonia.  
 
Laboratory Results: 
Microbiologically, Fusobacterium necrophorum, 
Streptococcus ovis and Clostridium septicum 
were isolated from laryngeal tissue. 
 
Microscopic Description: 
Larynx: Within the arytenoid cartilage a 1 x 
0.5 cm sized cavity communicating with the  

laryngeal cavity was found. This cavity and the 
surrounding tissue including cartilage, submu-
cosa, submucosal glands and skeletal 
musculature were infiltrated by numerous 
inflammatory cells. These infiltrates consisted of 
high numbers of viable and degenerated 
neutrophils and fewer macrophages, lymphocytes 
and plasma cells. Furthermore moderate 
amounts of cellular debris were found, mainly 
within the cavitation. The matrix of the adjacent 
cartilage exhibited a loss of basophilia and 
numerous shrunken, hypereosinophilic chon-
drocytes and empty lacunae (necrosis). 
Additionally, the cartilage surface was irregularly 

 
Figure 1-1. Larynx, sheep.  Endoscopically, the larynx 
was severely swollen with obstruction of laryngeal 
cavitiy (asterisk).  (Photo courtesy of:  Department of 
Pathology, University of Veterinary Medicine 
Hannover, Buenteweg 17, aD-30559 Hannover, 
Germany http://www.tiho-hannover.de/kliniken-
institute/institute/institut-fuer-pathologie/) 

http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
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shaped with clefts and fragmentation of the 
cartilaginous matrix. The luminal surface was 
lined by high numbers of 0.2 x 7-10 µm sized 
basophilic filamentous bacteria and fewer 
basophilic round cocci of approximately 1 µm in 
diameter. Filamentous bacteria were also found 
within underlying parts of cartilaginous matrix. 
Furthermore, the intracartilaginous inflammatory 
infiltrate was multifocally accompanied by 
moderate numbers of fibroblasts embedded in a 
collagenous matrix with perpendicularly 
arranged blood vessels (granulation tissue).  
 
Histochemical analysis revealed a decreased, 
cartilaginous matrix staining intensity by Alcian 
blue and Safranin-O in the arytenoid lesions. The 
Gram stain highlighted gram-positive, coccoid 
bacteria adjacent to cartilaginous ulcerations. In 
addition, abundant PAS-positive, gram-negative 
bacteria arranged in chains were demonstrated at 
the surface of cartilaginous ulcerations and within 
the underlying parts of arytenoid cartilage. High 
amounts of collagenous fibers were detected 
within the granulation tissue using the Azan stain.  
 

The laryngeal mucosa exhibited multifocal 
thinning and loss of epithelium with infrequent 
karyopyknosis, karyorrhexis and karyolysis as 
well as sloughing of epithelial cells (ulceration 
and necrosis). Occasionally, the cytoplasm of 
macrophages contained a coarse yellowish 
pigment (hemosiderin) or single erythrocytes 
(erythrophagocytosis).  
 
Contributor’s Morphologic Diagnosis:  
1. Larynx: Laryngitis, severe, focally extensive, 

chronic, erosive to ulcerative and 
suppurative. 
 

2. Arytenoid cartilage:  Chondritis, severe, 
focally extensive, chronic, necrosuppurative.  

 
Contributor’s Comment:  
Inflammatory changes of the larynx often 
accompany lesions of the upper and lower 
respiratory tract but they also appear solely.3 
Ovine laryngeal chondritis is a rare entity 
reported in different sheep breeds in California,1,2 
Great Britain,10 Iceland,14 and New Zealand.4,7,13 
The disease is characterized by low morbidity 
and high mortalitiy.14 Clinical examination often 
indicates chronic inflammatory processes in the 
upper respiratory tract. Lambs and yearlings of 
both genders can be affected and disease often 
occurs within the winter term.1,2,14 
 

 
Figure 1-2.  Larynx, sheep. The mucosa at the dorsal 
parts of the arytenoid cartilages showed approximately 
0.5 cm in diameter sized, dark brown, focal defects 
(arrowheads) with extension into the cartilage. (Photo 
courtesy of:  Department of Pathology, University of 
Veterinary Medicine Hannover, Buenteweg 17, aD-
30559 Hannover, Germany http://www.tiho-
hannover.de/kliniken-institute/institute/institut-fuer-
pathologie/) 

 
Figure 1-3.   Larynx, sheep. Arytenoid cartilage revealed 
severe cavitation (asterisk) and focal fracture. (HE, 5X). 
(Photo courtesy of:  Department of Pathology, 
University of Veterinary Medicine Hannover, 
Buenteweg 17, aD-30559 Hannover, Germany 
http://www.tiho-hannover.de/kliniken-
institute/institute/institut-fuer-pathologie/) 

http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
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Microbiological analysis of affected larynges 
revealed a variable involvement of 
Fusobacterium necrophorum, Bacteroides spp., 
Trueperella pyogenes, Streptococcus spp., 
Pasteurella spp. and Escherichia coli. Most often 
a mixed growth of gram-positive and gram-
negative bacteria was determined.14 Laryngeal 
lesions are also reported in ovine systemic 
pasteurellosis.5  
 
The pathogenesis of this entity remains unclear. 
Primary traumatization of laryngeal mucosa1,2,13 
as well as breed predisposition are discussed.10,14 
Irritating agents, toxins, coughing as well as 
aspirated grains may cause primary mucosal 
damage,2,3,13,14 thereby disrupting the mucosal 
barrier.  
 
Similar lesions occur in calves,3,9 thorough-
breds,3,6 and humans.11 The lesions are a part of 
oral cavity necrobacillosis in calves which is 
caused by Fusobacterium necrophorum, or they 
are detected in arytenoid chondropathy of racing 
horses. In both diseases the pathogenesis remains 
undetermined although mucosal traumatization 
due to forced respiration and secondary bacterial 

colonization is discussed.3 In humans, an auto-
immune pathogenesis is discussed. Rarely lesions 
induced by Mycobacterium tuberculosis,11 or 
those caused by Corynebacterium diphtheriae are 
observed.8  
 
Contributing Institution:  
Department of Pathology 
University of Veterinary Medicine Hannover  
Buenteweg 17 
D-30559 Hannover  
Germany                           
http://www.tiho-hannover.de/kliniken-
institute/institute/institut-fuer-pathologie/ 
 
JPC Diagnosis: 
Larynx:  Chondritis, pyogranulomatous, multi-
focal to coalescent, with necrosis and chronic-
active perilaryngeal myositis. 
 
JPC Comment:   
In 1943, Cameron and Britton described a 
condition affecting stud yearling lambs in 
California that they identified as “chronic ovine 
laryngitis”.  Common features included chronic 
arytenoid cartilage abscesses and laryngeal 
edema, which often resulted in the suffocation of 
affected animals.13 As noted by the contributor, 
the condition now known as ovine laryngeal 
chondritis has since been described in multiple 
geographic locations and was recently described 
for the first time on the European mainland in two 
German rams in 2020.12 

 
Risk factors for ovine laryngeal chondritis 
include season, age of the animal, and breed.  

 
Figure 1-4.   Larynx, sheep.  adjacent to the cartilage (C) 
there is a band-like accumulation of filamentous 
bacteria (asterisks) and an infiltration of neutrophilic 
granulocytes (arrows) accompanied by immature 
granulation tissue (G). (HE, 400X)(Photo courtesy of:  
Department of Pathology, University of Veterinary 
Medicine Hannover, Buenteweg 17, aD-30559 
Hannover, Germany http://www.tiho-
hannover.de/kliniken-institute/institute/institut-fuer-
pathologie/) 

 
Figure 1-5.   Larynx, sheep.  There is a focal and 
complete fracture of the arytenoid cartilage.  The 
depletion of mucopolysaccharides in the chondroid 
matrix results in a pale pink coloration rather than blue. 
(HE, 30X) 

http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
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Although any sex and age may be affected, lambs 
and yearlings are overrepresented, with the 
majority of cases occurring during winter. A 
theory proposed in regard to younger animals 
being overrepresented is due to the smaller size 
of their rima glottidis in contrast to adults.  In 
addition, breeds such as the Texel and Southdown 
are thought to be predisposed, which may be due 
to variation in the structure of the upper airway in 
comparison to other breeds. For example, 
laryngeal narrowing and shortening have been 
found to be a feature of Texel rams, which also 
have disproportional enlargement of arytenoid 
cartilage and epiglottis when compared to 
bluefaced Leicesters. Laryngeal edema 
influenced by male sexual hormones may also 
contribute toward development of the disease in 
rams.12     
 
Affected animals may present with variable range 
of clinical signs depending on severity, including 
tachypnea with an increased abdominal 
component, inspiratory and expiratory laryngeal 
stridor, extension of the head and neck, 
tachycardia, and cyanotic mucous membranes.12  
External palpation may reveal laryngeal 
enlargement and may also incite transient 
worsening of dyspnea and/or coughing.12 Cases 
are often submitted for post-mortem examination 
with suspicion of pneumonia.13 

 
The mucosa overlying the arytenoid cartilages 
may either be thickened by diffuse uni- or 
bilateral asymmetric edematous swelling or 
thickened with a pale and undulant surface; either 
may result in nearly complete airway obstruction.  
On cut surface, the tissue surrounding the 

arytenoid cartilage is typically edematous, 
discolored, and often associated with a purulent 
exudate.13 

 
Common histopathologic features include 
extensive chronic-active inflammation with 
granulation tissue formation within the sub-
mucosa, which often extends around cartilage 
and into adjacent striated muscle.  The cartilage 
is often degenerative and eroded by adjacent 
inflammation, with purulent or fibrinopurulent 
exudate concentrated at the periphery, frequently 
with numerous bacteria admixed.13   
 
As noted by the contributor, mixed populations of 
bacteria are often isolated.  One study13 found 
>80% of cases had mixed gram-positive and 
gram-negative bacteria, with the most common 
isolates (each in approximately 50% of cases) 
being Fusobacterium spp., Trueperella pyogenes 
and Streptococcus spp.13 

 
Although early cases of ovine laryngeal 
chondritis have been successfully treated with 
antibiotics and corticosteroids, these therapies 
often fail.  As a last resort, tracheostomy may be 
performed as a life-saving measure.  However, 
surviving animals are of limited value given their 
utilization as breeding stock is not recommended 
due to the potential heritable component of this 
disease.12 

 

Conference participants engaged in spirited 
discussion regarding appropriate morphologic 
diagnosis terminology.  Specific attention was 
directed toward appropriate utilization of 
"coalescing" versus "coalescent".  Since key 
components of the morphologic diagnosis (i.e. 
chronicity, distribution, and severity) describe a 
noun (e.g. "chondritis"), use of the adjective 
"coalescent" may be more appropriate than the 
historically ubiquitous verb "coalescing".      
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Figure 1-6.  Larynx, sheep. There is a focal and complete 
fracture of the arytenoid cartilage.  The depletion of 
mucopolysacchrides in the chondroid matrix results in a 
pale pink coloration rather than blue. (HE, 30X) 
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CASE II: H20-1916-5 (JPC 4159332)    
 
Signalment:  
A 1-year-old ram lamb (Ovis aries) 
 
History:  
Animal was presented for necropsy following a 
brief clinical history of 2 to 3 days of scours, and 
a 4-day history of anorexia and hyperdipsia. The 
producer noted that the lamb often used a 
provided salt lick. 
 
 

Gross Pathology:  
The lamb was in good body condition. The right 
cranial and middle lung lobes were consolidated, 
with yellow-tinged foam exuding from small 
airways on the cut surface. The abomasal mucosa 
was grey, with few scattered petechiae. 
 
Laboratory Results: 
• Fecal flotation (sugar): Trichostrongylus sp., 

light parasite load. Coccidian parasite of 
unknown identity, light parasite load. 

• Ileocecal valve culture: E. coli, coagulase 
negative Staphylococcus sp. 

• Lung culture: E. coli, coagulase negative 
Staphylococcus sp., Gram negative bacilli of 
unknown identity. 

 
Microscopic Description: 
Abomasum: Multifocally within the mucosa, 
there are multiple cysts of apicomplexan parasites 
that measure 20-250 µm diameter, have a thick 
capsule (schizonts) and contain numerous 
merozoites frequently arranged in blastophores. 
Some of these cysts are ruptured, with focal areas 
of necrosis of the mucosa plus infiltrates of large 
numbers of neutrophils, macrophages, and 
occasional multinucleated giant cells, which are 
phagocytizing merozoites. The lamina propria 
and the submucosa are infiltrated with moderate 
numbers of lymphocytes, plasma cells and 
macrophages. In the mucosa, there are a few 
fibrin thrombi. 
 

 
Figure 2-1. Abomasum, sheep:  Multifocally, large 
basophilic apicomplexan schizonts are scattered 
throughout the mucosa.  (HE, 5X).   
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Contributor’s Morphologic Diagnosis:  
Abomasum: Abomasitis, neutrophilic and 
histiocytic to granulomatous, multifocal, with 
mucosal necrosis and numerous intralesional 
apicomplexan parasites. 
 
Contributor’s Comment:  
 The morphology of the abomasal parasite in this 
case is consistent with the apicomplexan parasite 
Eimeria gilruthi, an incompletely characterized 
coccidian parasite of the gastrointestinal system 
in sheep, which was most recently described in 
the Journal of Veterinary Diagnostic 
Investigation in 2019.1 These coccidia have a 
characteristic microscopic morphology, with 
large protozoal schizonts (“megaloschizonts”) 
with a thick, eosinophilic wall surrounding 
thousands of elongate merozoites, often arranged 
in circular blastophores. Megaloschizonts can be 
so large that they form miliary, pale, pinpoint foci 
on the mucosal surface of the abomasum visible 
on postmortem examination. 4 

 
Although many species of Eimeria can be found 
within the alimentary tract of sheep, few are 
considered pathogenic. E. crandallis and E. 
ovinoidalis are the two paramount pathogenic 
species, both of which typically affect lambs up 
to 6 months old, especially those reared under 
crowded or stressful conditions. A recent 
diagnosis of E. gilruthi in a group of 15-month-
old ewes demonstrated its pathogenicity of this 
coccidian parasite even in older animals.1 Clinical 

signs are typical of many intestinal parasites and 
usually consist of progressive anemia, diarrhea, 
anorexia, and weakness. Rapid weight loss in 
production animals often leads to euthanasia, 
although the protozoan itself can cause lethal 
disease in severe cases. Damage to host cells is 
typically through traumatic rupture following the 
growth and expulsion of merozoites and, for 
many Eimeria species, the severity of clinical 
disease correlates with the parasite burden.2 

 
This diagnostic exercise would be remiss if it did 
not mention the life cycle of this parasite. 
Although the life cycle of E. gilruthi is not 
completely elucidated, it very likely mirrors that 
of other Eimeria species.2 A typical life cycle of 
these species includes both a sexual and an 
asexual form of reproduction. The infectious 
stage is the sporozoite, which is capable of 
penetrating and infecting host intestinal cells, and 
which typically enters the gastrointestinal system 
via ingestion by the host of sporulated oocysts 
from the environment. Once intracellular, the 
sporozoites undergo a morphological change into 
trophozoites, which are located within a 
membrane-bound parasitophorous vacuole 
within the host cell cytoplasm.2 The trophozoites 
further expand into structures known as 
schizonts, which produce merozoites through 
asexual reproduction. In E. gilruthi in particular, 
these schizonts develop to such a massive size 
that they are called megaloschizonts.2,4  

 
Figure 2-1. Abomasum, sheep. Multifocally, large 
basophilic apicomplexan schizonts are scattered 
throughout the mucosa.  (HE, 5X) 
 

 
Figure 2-2. Abomasum, sheep.  Megaloschizonts are 
composed of a thick bilayered hyaline wall enclosing 
innumerable zoites which often surround round to 
serpiginous blastopores. (HE, 181X) 

 
Figure 2-3. Abomasum, sheep. Megaloschizont are 
surrounded by a thick bilayered hyaline wall with cilia-
like laminar protrusions, a markedly hypertrophic host 
cell nucleus, and abundant vacuolated cytoplasm 
(which will in time, be replaced by proliferating zoites.  
(HE, 483X) 
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Merozoites exit the cell (typically in a manner 
that damages the host cells) and infect 
neighboring host cells. There is a finite number of 
asexual reproductive cycles possessed by each 
Eimeria species, which differs between the 
species; the number is not yet elucidated for E. 
gilruthi. After the final asexual reproductive 
cycle, the resulting merozoites develop into either 
a microgamont (male sex cell) or macrogamont 
(female sex cell). The macrogamont further 
develops by growing in size and storing energy;  

 
the fully mature female sex cell is a 
macrogamete.2 Microgamonts undergo repeated 
nuclear division, eventually splitting into 
multiple, biflagellate, uninuclear microgametes. 
A zygote forms when a microgamete penetrates 
and fertilizes a macrogamete (sexual repro-
duction); it is referred to as an oocyst when it 
develops hyaline granules and a wall. The oocyst 
exits the host cell via rupture of the cell and 
trafficking through the feces, and sporulates 
within the environment.2 

Animal Coccidia Organ affected/Clinical signs 
Birds 
   Chickens 
  
  
   Turkey 
  
  
  
   Geese & ducks 
  
   Sandhill/whooping 
cranes 
   Parrots 

 E. acervulina 
E. necatrix/maxima 
E. brunette 
E. tenella 
E. meleagridis 
E. adenoeides 
E. meleagrimitis 
E. gallopavonis 
E. truncata 
E. anseris/nocens 
E. reichenowi 
E. psittaculae 

Duodenum/enteritis 
Jejunum/enteritis 
Ileum/enteritis 
Ceca/typhylitis 
Cecum 
Cecum, ileum 
Upper intestine 
Ileum, large intestine 
Kidney/anorexia, depression 
Intestine 
Disseminated 
Intestine 

Cattle 
  

E. bovis/zuernii 
E. alabamensis 

Cecum and colon/diarrhea 
Small intestine 

Sheep 

E. ahsata/christenseni 
E. brakuensis 
E. crandallis 
E. ovinoidalis 

SI 
SI 
SI 
Cecum, colon 

Goats 

E. christenseni 
E. arloingi 
E. hirici 
E. ninakohlyakimovae 

SI 
SI 
SI 
LI 

Equine E. leukarti 
Klossiella equi SI 

Swine E. debliecki SI (in 1-3 week old piglets) 
Canine I. canis Ileum, colon occasionally 
Feline I. felis SI, colon occasionally 

Mice 

Klossiella muris 
E. falciformis 
E. vermiformis 
E. papillata 
E. ferrisi 

kidney 
Colon 
Intestine 
Intestine 
Intestine 

Rabbit 
E. stiedae 
E. intestinalis 
E. flavescens 

Bile ducts 
Ileum & cecum 
Ileum & cecum 

Ferret E. furonis SI 

Table 1 
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Contributing Institution:  
Department of biomedical Sciences and 
Pathobiology, Virginia Maryland Regional 
College of Veterinary medicine, Virginia Tech 
https://www.vetmed.vt.edu/departments/dbsp/ 
 
JPC Diagnosis:  Abomasum:  Apicomplexan 
megalo-schizonts, with mild lymphoplasmacytic 
and neutrophilic abomasitis. 
 
JPC Comment:   
The contributor provides an excellent review of 
Eimeria gilruthi, an entity making its inaugural 
appearance in the WSC. 
 
Abomasal lesions consistent with E. gilruthi were 
first described by Maske in 1893, who 
erroneously attributed them to gregarines, a 
group of apicomplexan parasites now known to 
only infect invertebrates.  Similar lesions were 
later observed by Gilruth and studied in greater 
detail by Chatton in 1910, who named the 
organism Gastrocystis gilruthi, although multiple 
early reports identified it as Globidium giltruthi.  
E. gilruthi underwent multiple scientific name 
changes over the ensuing decades with the 
current nomenclature initially being favored by 
Levine and Soulsby during the 1960s.3      
 
Interestingly, sheep and goats may not be 
definitive hosts for E. gilruthi.  Despite the 
apicomplexan's ability to develop one or more 
generations of schizonts in small ruminants, 
reports are conflicting in regard to its ability to 
undergo gametogony. Attempts to close such 
knowledge gaps are confounded by the parasite’s 
sporadic occurrence and attempts to replicate its 
life cycle in vitro have so far been unsuccessful.1   

 
Common post-mortem findings associated with 
E. gilruthi include edema and multifocal raised 
white foci within the mucosa of the abomasum, 
which histologically correlate to megalo-
schizonts.  However, Teladorsagia circumcincta 
(previously known as Ostertagia circumcincta), a 
trichostrongyle nematode, may cause similar 
gross lesions in the abomasum of sheep and goats.  
Microscopic examination is required for 
differentiation between these entities.1   
 
The majority of coccidian parasites, including 
Eimeria spp., are host specific. Notable 
exceptions include E. pallida, E. caprovina, E. 
punctate, and E. gilruthi, which have been 
reported in both sheep and goats.4   
 
The table 1 identifies hosts and organs affected 
by coccidian species.4 

 
References:  

1. Ammar SI, Watson AM, Craig LE, et al. 
Eimeria gilruthi-associated abomasitis in 
a group of ewes. J Vet Diagn Invest. 
2019;31(1):128-132. 

2. Bowman DD. Georgis’ Parasitology for 
Veterinarians. 9th ed. St. Louis, MO: 
Saunders Elsevier; 2009: 93-94. 

3. Hilali M. Studies on globidial schizonts 
in the abomasum of Norwegian sheep. 
The fine structure of one of the four 
merozoite forms investigated. Acta Vet 
Scand. 1973;14(1):22-43. 

4. Uzal, FA, Plattner BL, Hostetter, JM. 
Alimentary system. In: Maxie MG, ed. 
Jubb, Kennedy and Palmer’s Pathology 
of Domestic Animals. Vol 2. 6th ed. St. 
Louis, MO: Elsevier; 2016:54-55, 227-
235. 

 
CASE III: P5952-17 (JPC 4118012)   
 
Signalment:  
Adult (exact age not specified but assessed as 2-
3 year-old by veterinarian), female, crossbred, 
domestic goat (Capra aegagrus hircus)  
 
History:  
This goat was culled for undisclosed reasons and 
sent to the abattoir. Although the body condition 

 
Figure 2-4. Abomasum, sheep:  occasionally 
megaloschizonts are ruptured, inciting a 
pyogranulomatous response within the mucosa.  (HE, 
168X) 
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was suboptimal, this goat was assessed as fit for 
slaughter at the ante-mortem examination. 
 
Gross Pathology:  
The submitted post-mortem examination report 
only mentioned abnormal lungs. They were 
described by the veterinarian as diffusely mottled 
with numerous firm, gray to pale red consolidated 
areas. On cut section, there was a thick 
mucopurulent exudate in the bronchi of the 
anterior portions of both lungs. Fresh and 
formalin-fixed samples from all lobes were sent 
to our laboratory. 
 
Laboratory Results: 
Immunohistochemistry was multifocally strongly 
positive for small ruminant lentivirus (SRLV  
MMV and CAEV). 
 
Microscopic Description: 
The lesions are similar in all pulmonary lobes 
(only one section submitted). The lesions are 
lobular, with normal lobules adjacent to 
pneumonic ones. In affected lobules, there is a 
lymphoplasmacytic infiltrate variably thickening 
the airway and vascular adventitia, and to a lesser 
degree the alveolar septa (interstitial pneumonia). 
Multifocally, the alveoli are lined by usually 
plump type II pneumocytes (proliferative 
pneumonia). The alveoli are filled by dense 
amorphous eosinophilic material (alveolar 
proteinosis) with a few macrophages and 
desquamated type II pneumocytes and occasional 
neutrophils; occasionally, clumps of necrotic 
cells (neutrophils) are also present. Some bronchi 
and bronchioles are filled with a mucopurulent 
exudate that sometimes extends into adjacent 
alveoli and/or submucosal glands; their propria-
submucosa is infiltrated by lymphocytes and 
plasma cells and there is mild to moderate BALT 
hyperplasia. 
 
Contributor’s Morphologic Diagnosis:  
1. Lobular, moderate to marked, extensive 

lymphoplasmacytic interstitial and 
proliferative pneumonia with alveolar 
proteinosis, consistent with SRLV 
pneumonia (caprine arthritis-
encephalitis/CAE). 

2. Marked, subacute mucopurulent bronchitis 
and bronchiolitis. 

 
Note: the samples were originally submitted as 
ovine tissues (ewe), but based on the typical CAE 
lesions and small size of red blood cells (goats 
have the smallest RBCs of domestic animals) we 
called the abattoir which confirmed the mistake. 
 
Contributor’s Comment:  
Microscopic features and IHC results are 
consistent with small ruminant lentivirus (SRLV) 
pneumonia in goats. Diseases caused by SRLV 
are known as caprine arthritis-encephalitis (CAE) 
in goats and maedi-visna (MV) in sheep; MV is 
also known as ovine progressive pneumonia 
(OPP) in the USA. The mucopurulent bronchitis 
and bronchiolitis are likely due to a secondary 
bacterial infection, although routine aerobic 
culture did not yield any significant bacteria 
(contaminants). 
 
Lentiviruses are a genus (Lentivirus) of non-
oncogenic viruses in the Retroviridae family 
(single-stranded RNA). This genus includes 
immunodeficiency viruses (HIV, SIV, FIV and 
BIV), the equine infectious anemia virus (EIAV 
in Equidae  hematological, neurological and 
immunological) and small ruminant lentiviruses 
(SRLV).6 Lentiviruses share many similarities 
with other retroviruses. Their proviral RNA 
genome includes three structural genes (gag, pol 
and env) and long terminal repeats (LTRs) at each 
end. Two proteins encoded by the pol gene are the 
enzymes reverse transcriptase, which allows 
transcription of viral RNA into double-stranded 
DNA, and integrase which enables its integration 

 
Figure 3-1. Lung, goat. There is profound lobular 
consolidation and cellular infiltration.  (HE, 5X) 
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into the host cells' genome.2,3,6 All lentiviruses 
infect and replicate in histiocytic cells; HIV, SIV, 
and BIV are also highly lymphotropic, in contrast 
to SRLV, EIAV, and BIV (the latter is only 
mildly immunosuppressive).2,6 Although often 
referred to as caprine arthritis-encephalitis virus 
(CAEV) in goats and maedi-visna virus (MVV) 
in sheep, these viruses are now considered a 
spectrum of SRLV variants with some detected 
only in sheep (classical MMV strains), some only 
in goats (classical CAEV strains) and some in 
both species; furthermore, there is now also 
evidence for potential dual infection.2,3,6 SRLV 
has also been demonstrated (PCR) in wild ibexes' 
(Capra ibex) monocytes, experimentally-infected 
Mouflon-domestic sheep hybrids, and naturally-
infected Rocky Mountain goats (Oreamnos 
americanus) with typical CAEV lesions. This is 
unusual for lentiviruses which are, with a few 
exceptions (e.g. SIV in human and non-human 
primates; FIV in multiple felid species), species-
specific.2 

 
Caprine arthritis-encephalitis (CAE) in goats 
(Capra aegagrus hircus) and maedi-visna (MV) 
in domestic sheep are similar with regard to 
pathogenesis, pathology and clinical signs. 
Infection by SRLV is mainly through ingestion of 
colostrum/milk; inhalation of infected nasal 
secretions, directly or through aerosols, is another 
possible mode of transmission.2,3 The main 
targets of SRLV are histiocytic cells 
(monocytes/macrophages and dendritic cells) in 
which they establish lifelong infection because 
the virus is able to evade the immune system by 
several mechanisms.2,3,6 Among others, 

lentiviruses (and retroviruses in general) tend to 
mutate at a relatively high rate due to the error-
prone reverse transcription mechanism, thus 
creating several variants within a cell (quasi-
species); this is followed by recombination, thus 
creating relatively high genetic variability in 
viruses within an individual animal.2,6 Also, there 
are relatively low levels of circulating SRLV-
infected cells (and free virus is rare) and the virus 
remains latent in monocytes, thus allowing 
widespread dissemination mainly to CNS, lung, 
mammary gland and joints.2 When monocytes 
become macrophages in tissues, viral tran-
scription and protein production increases to high 
levels and cytokines are produced; this leads to a 
chronic immune-mediated reaction which 
involves CD4+ and CD8+ T cells, B cells/plasma 
cells and macrophages.2,6 SRLV also infects 
epithelial cells of the mammary gland and thus, 
as mentioned above, colostrum/milk is an 
important source of virus.2  
 
Both CAE and MV cause encephalomyelitis, 
pneumonia, arthritis and mastitis that can occur 
singly or in different combinations in susceptible 
hosts.3,6,7 The pathologic picture depends on viral 
and host factors (e.g. certain breeds of sheep are 
more susceptible).2,3,6 They are progressive 
wasting diseases mainly seen in adult animals, 
with the exception of the neurological form of 
CAE which is mostly seen in 2-4 month-old goat 
kids; the respiratory and neurological forms are 
invariably fatal. Arthritis and encephalomyelitis 
are the most frequent pathological manifestations 
of CAE, while they are uncommon to rare in 
MV.3 Pneumonia is the most common 
manifestation in MV, but is relatively uncommon 
in CAE; maedi is the name of the respiratory form 
of MV.3 Mastitis may be a more frequent 

 
Figure 3-2. Lung, goat. Alveolar septa are markedly 
expanded by variable combinations and concentrations 
of lymphocytes, histocytes and plasma cells and they 
are rarely discontinuous (necrosis) Alveolar lumina are 
flooded with abundant proteinaceous fluid.  (HE, 254X) 
 

 
Figure 3-3. Lung, goat.  There is marked hyperplasia of 
peribronchiolar and perivascular lymphoid tissue.  (HE, 
53X) 
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occurrence than generally reported in MV as a 
study in the province of Quebec found more 
mammary than pulmonary lesions in MV-
seropositive sheep.1 In MV, the lungs fail to 
collapse when the thorax is opened, and they are 
diffusely pale gray to tan with a rubbery to firm 
texture (interstitial pneumonia). Gross lesions are 
similar in CAE, but they vary from patchy to 
diffuse.3,8 Three inflammatory patterns have been 
described in the CNS, lung and mammary gland 
of MV-affected sheep: lymphocytic (mainly 
CD8+ T cells), histiocytic (mainly macrophages 
and B cells) and mixed;4 we did not find a similar 
study for CAE. Pulmonary lesions in CAEV, MV 
and other lentiviral diseases share a common 
pattern of lymphocytic interstitial pneumonia 
(LIP). In maedi, but not in CAE, lesions are also 
characterized mainly by lymphoid follicular 
formation and smooth muscle hypertrophy; mild 
interstitial fibrosis is also described. The alveolar 
proteinosis is typical of CAE; it has been 
suggested this phenomenon may be more host-
related than disease-related.3,8 Ultrastructurally, 
the intra-alveolar proteinaceous material consists 
of myelin figures, consistent with surfactant.8 
Perivascular and peribronchiolar lymphoid 
infiltration with follicular formation has been 
described.8 

 
Contributing Institution:  
Faculty of veterinary medicine, Université de 
Montréal. 
http://fmv.umontreal.ca/faculte/departements/pat
hologie-et-microbiologie  
 
JPC Diagnosis: 
1. Lung:  Pneumonia, interstitial, lobular, 

lymphohistiocytic, moderate with abundant 

proteinaceous alveolar edema and type II 
pneumocyte hyperplasia. 

2. Lung: Peribronchiolar and perivascular 
lymphoid hyperplasia and bronchiolar 
epithelial hyperplasia. 

3. Lung:  Bronchopneumonia, suppurative, 
focally extensive, mild to moderate.  

 
JPC Comment:   
The contributor provides an outstanding review 
of the pathogenesis and various clinical 
manifestations of small ruminant lentiviruses 
(SRLVs). In addition, lentiviral mastitis and 
SRLVs in general were recently discussed during 
WSC 14, case 1.  
 
As noted by the contributor, SRLVs were 
historically believed to be species specific with 
maedi-visna virus infecting sheep while the aptly 
named caprine arthritis and encephalitis virus 
(CAEV) infected goats.9  SRLVs have since been 
divided into five genetically diverse genotypes 
(A-E), with most genotypes and associated 
subtypes reported to infect both sheep and goats.  
However, exceptions include the E genotype, 
which has only been reported in sheep, while six 
A subtypes have only been reported in goats.  
While it is possible these variants are species 
specific, it is also possible interspecies 
transmission has not yet occurred or simply have 
not yet been detected.5 

 
SRLVs have been recognized throughout the 
world for decades, with maedi first being 
described in South Africa in 1915.  Ovine 
progressive pneumonia virus (OPPV) was 
identified less than decade later in Montana in 
1923, with the affected sheep being described as 
“lungers” as they tended to lag behind the flock.  
In contrast, goats infected with SRLV were 
initially believed to be affected by a hereditary 
disease due to a perceived relationship between 
the clinical disease and certain family lines.  The 
virus now known as CAEV was first identified as 
a cause of leukoencephalitis in the in 1974; 
researchers from the same laboratory later 
isolated the same virus from goats with chronic 
arthritis.  Historically, SRLVs had a worldwide 
distribution.  However, several countries are now 
SRLV free, including Iceland, New Zealand, and 
Australia.9 

 
Figure 3-4. Lung, goat. Regionally, the character of the 
inflammation, especially within airways, is 
suppurative.  (HE, 310X) 
 

http://fmv.umontreal.ca/faculte/departements/pathologie-et-microbiologie
http://fmv.umontreal.ca/faculte/departements/pathologie-et-microbiologie
https://www.askjpc.org/wsco/wsc_showcase2.php?id=QXpNWnlseE53RDQwUEMrUDJYTFZkdz09
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For reasons previously discussed by the 
contributor, SRLVs are associated with lifelong 
infection.  However, only approximately 30% of 
infected animals develop clinical illness.  The 
remaining animals with subclinical infections are 
particularly problematic as they serve as carriers, 
introducing the disease to offspring as well as 
naïve herds and flocks.  In addition, subclinical 
infections result in significant economic loss that 
is not often readily apparent on an individual 
basis unless metrics are closely monitored.  
Examples of such losses include reductions in 
market weight of lambs reared by infected ewes 
(3.86kg) compared to those of unaffected ewes 
and seropositive goats have been associated with 
significantly lower length of lactation, milk yield, 
milk fat, and lactose levels.9 

 

Interestingly, many producers are unaware of the 
risk posed by SRLVs.  A 2011 study conducted 
by the US Department of Agriculture on 
operations representing over 70% of US farms 
with ewes and over 85% of the total ewe 
inventory found nearly half (46.5%) of producers 
were not familiar with ovine progressive 
pneumonia virus (i.e. SRLV).  Of the 53.5% of 
producers aware of SRLV, over 72% did not 
know their current status and only 16.2% had a 
flock health management program implemented 
for the control or eradication of SRLV.  Although 
this study did not assess seroprevalence, another 
2011 study conducted by the USDA in Wyoming 
assessed sera from 1415 sheep and 54 flocks of 

various size ranges and grazing types and found 
18% of sheep and 47.5% of flocks were 
seropositive for OPPV.9       
 
As demonstrated by this case, characteristic 
features of caprine SRLV pneumonia include 
dense eosinophilic alveolar fluid with foamy 
alveolar macrophages, type II pneumocyte 
hyperplasia, and expansion of alveolar septa by 
lymphocytes and fibrosis.  In contrast, type II 
pneumocyte hyperplasia is not a prominent 
feature of maedi, which is histologically 
characterized by lymphoplasmacytic infiltrates 
expanding septa, perivascular tissue, and airways 
which often form characteristic lymphoid 
follicles.3 

 

Participants were in agreement with the 
contributor in regard to the likelihood of a 
secondary bacterial component in this case.  The 
moderator strongly suspected this goat had 
concurrent bronchopneumonia due to Myco-
plasma spp. such as M. ovipneumoniae due to the 
presence of characteristic peribronchiolar and 
perivascular lymphoid hyperplasia, bronchiolar 
epithelial hyperplasia, and negative aerobic 
bacterial culture.  However, given both SRLV 
and Mycoplasma spp. cause lymphohistiocytic 
interstitial pneumonia it is not possible to 
definitively ascertain the cause of the secondary 
bronchopneumonia without additional 
diagnostics such as PCR. 
 
References:  
1. Arsenault J, Girard C, Dubreuil P, et al. 

Prevalence of and carcass condemnation 
from maedi visna, paratuberculosis and 
caseous lymphadenitis in culled sheep from 
Quebec, Canada. Prev Vet Med. 2003;59(1-
2):67-81. 

2. Blacklaws BA. Small ruminant lentiviruses: 
immunopathogenesis of visna-maedi and 
caprine arthritis and encephalitis virus. Comp 
Immunol Microbiol Infect Dis. 
2012;35(3):259-269. 

3. Caswell JL, Williams KJ. Respiratory 
system. In: Jubb, Kennedy and Palmer’s 
Pathology of domestic animals, vol. 2. Sixth 
Edition. Elsevier. St.Louis, Mo, 2016:465-
591. 

 
Figure 3-5. Lung, goat. Infiltrating macrophages are 
positive for small ruminant lentivirus antigen.  (Photo 
courtesy of:  Faculty of veterinary medicine, Université 
de Montréal. http://fmv.umontreal.ca/faculte/ 
departements/pathologie-et-microbiologie ) 

http://fmv.umontreal.ca/faculte/departements/pathologie-et-microbiologie
http://fmv.umontreal.ca/faculte/departements/pathologie-et-microbiologie
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CASE IV: N-190/20 (JPC 4165839)   
 
Signalment:  
6 years old, female, Breed Rasa Aragonesa, 
Ovine (Ovis aries) 
 
History:  
Animal with history of chronic rhinitis, non-
responsive to antibiotic treatment. 
Physical findings revealed marked dyspnea, and 
weakness. 
 
Gross Pathology:  
The ventral conchae in the left nasal cavity was 
severely swollen, with a roughed, thickened 
mucosa compound of multiple, small, whitish or 
yellowish polypoid proliferations covered by 
abundant mucus. The proliferative mucosa was 
obliterating the meatus and protruding through 
the nostrils.  
 
Laboratory Results: 
Nasal swabs were obtained during the necropsy. 

Pure cultures of Salmonella enterica subsp. 
diarizonae serovar 61:K:1, 5, 7 were obtained 
from the swabs. 
 
Microscopic Description: 
Nasal Mucosa: Up to 100% of the tissue is 
affected by a proliferative and inflammatory 
process. Diffusely the mucosa is thickened up to 
5-20 times the normal, frequently forming 
multiple polypoid projections compound of 
abundant hyperplastic disorganized respiratory 
epithelium that contain abundant intracytop-
lasmic 1-2 μm eosinophilic bacilli/cocobacilli. 
Between the epithelial cells are moderate 
amounts of neutrophils, lymphocytes, plasma 
cells, Mott cells, and macrophages, the same type 
of inflammatory cells are severely infiltrating and 
expanding the adjacent submucosa, admixing 
with moderate amount of edema, some areas of 
mild fibrosis and capillary congestion. 
Multifocally there is seromucous gland 
hyperplasia that contain abundant eosinophilic 
amorphous material, cellular debris and the same 
inflammatory cells, and intracytoplasmic bacteria 
previously described. Covering the mucosa is 
abundant eosinophilic amorphous material and 
few cell debris. 
 
Contributor’s Morphologic Diagnosis:  
Nasal mucosa: Diffuse proliferative, lympho-
plasmacytic and neutrophilic rhinitis with 
abundant intracytoplasmic bacilli, chronic, 
severe. 
 
Condition: Chronic proliferative rhinitis. 
 

 
Figure 4-1. Nasal mucosa, sheep.  A section of 
hyperplastic nasal mucosal with widely spaced glands 
is submitted for examination. (HE, 5X) 
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Etiology: Salmonella enterica subsp. diarizonae 
serovar 61:K:1, 5, 7. 
 
Contributor’s Comment:  
The bacteria Salmonella enterica subsp. 
diarizonae serovar 61: K:1,5,7 is host adapted in 
sheep, can colonize and persist in the nasal 
mucosa. Infected animals may occasionally 
develop chronic nasal inflammation, particularly 
after being stressed.4 

 
Clinical signs started with unilateral or bilateral 
nasal discharge of thick mucus together with 
wheezing and snoring. These signs persist and 
progress for several weeks, with almost complete 
nasal obstruction caused by the presence of 
proliferating tissue, often visible at the nares.4 

 
Gross findings include thickened mucosa with 
multifocal proliferations composed of multiple 
small white or yellow polypoid structures 
covered by mucus. The ventral turbinates appear 
to be more affected.4  
 
Histological findings reveal a thickened nasal 
mucosa with multiple polypoid projections or 
layers of disorganized epithelial cells covered by  
hyperplasic respiratory epithelium. These cells 
have elongated eosinophilic cytoplasm or 
vacuoles filled with gram-negative bacilli. Nuclei 
are generally rounded with peripherally 
condensed chromatin and some nuclei showing 
degenerative changes. Groups of neutrophils 
invade basal or apical portions of the epithelium. 
The proliferative epithelium may be covered by 

eosinophilic amorphous material mixed with cell 
debris. The submucosa is expanded and densely 
infiltrated by plasma cells, macrophages, and 
neutrophils. Nasal glands are hyperplasic with 
variable degree by secretion.4 

 
Investigation of affected flocks indicate direct 
animal to animal transmission and possible 
shedding of Salmonella by nasal discharge.6  
 
 There are many different diseases affecting the 
upper respiratory tract in sheep that could confuse 
the diagnosis, such as oestrosis, enzootic nasal 
adenocarcinoma, or fungal rhinitis.5  
 
Salmonella enterica subsp. diarizonae has been 
implicated in infections of other organs as an 
opportunistic gastrointestinal pathogen in lambs 
and suppurative epididymitis and orchitis in 
rams.2,3 

 
The presence of S. enterica subsp. diarizonae 
serovar 61:k:1,5,(7) in sheep could have public 
health significance, since human infections 
through the consumption of uncooked meat or 
contaminated animal products has been 
described.2 The prevalence of Salmonella was 
high in sheep and low in goats at slaughter. The 
tonsils allow a better estimation of the prevalence 
of Salmonella in asymptomatic sheep than fecal 
samples.1  
 
Generally, human pathologies associated with 
these bacteria occur in individuals with 
underlying diseases. However, the kinetics of the 

 
Figure 4-2. Nasal mucosa, sheep.  Glands are 
surrounded and widely separated by an infiltrate of 
large numbers of plasma cells, lymphocytes and 
macrophages.  Glandular lumina contain moderate 
numbers of neutrophils and eosinophils admixed with 
mucin and cellular debris. (HE, 83X) 

 
Figure 4-3. Nasal mucosa, sheep.  Glandular epithelium 
often contains a vacuole replete with numeous 2-3 μm 
bacilli (arrows).  The glandular lumen contains 
moderate number of neutrophils and fewer eosinophils. 
(HE, 538X) 
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infection are not completely understood. Further 
studies may clarify the prevalence of SED 
61:k:1,5,(7) in different flocks and the persistence 
in the nasal mucosa of sheep.5  
 
Contributing Institution:  
Universidad de Zaragoza. Departamento de 
Patología Animal 
Web: https://patologiaanimal.unizar.es 
 
JPC Diagnosis: 
Nasal mucosa: Rhinitis, proliferative and 
lymphoplasmacytic, diffuse, chronic, severe, 
with numerous intraepithelial and intra-
histiocytic bacilli. 
 
JPC Comment:   
The contributor provides an excellent overview 
of ovine proliferative rhinitis, a unique condition 
first described in the United States by Meehen et 
al. in 1992 and subsequently in Spain (2012) and 
Switzerland (2017).    
 
Salmonella enterica is a facultative anaerobic, 
gram-negative, rod-shaped, flagellated bacterium 
divided into six subspecies composed of enterica, 
salamae, arizonae, diarizonae, indica, and 
houtenae.  The most common subtype isolated 
from infected warm blooded animals and humans 
is S. enterica subsp. enterica whereas S. enterica 
subsp. diarizonae is most commonly isolated 
from reptiles.  A notable exception to the latter is 
S. enterica subsp. diarizonae serovar 
61:k:1,5,(7), which has been identified as being 

host-adapted for sheep (also known as "sheep 
associated S. diarizonae" or "SASd"). Two 
distinct lineages of this subtype are ST432 and 
ST439.  The ST432 linage is most prevalent, with 
the majority of isolates historically being of ovine 
origin whereas all ST439 isolates have been 
obtained from human clinical samples.  Thus, it 
has been proposed that the ST432 lineage of 
SASd is host adapted for sheep whereas STS439 
is not. Despite these differences, both subtypes 
are highly similar, which is in turn facilitates 
scientific discovery as to which genetic variances 
favor ST432’s host adaptation to sheep.7  
 
Pseudogenetization is a phenomenon thought to 
facilitate the process of host-adaptation. This 
process occurs when previously functional and 
full-length genes are inactivated, disrupted, 
eroded, and eventually removed from the genome 
and is thought to occur when those genes no 
longer necessary for survival. Therefore, the 
number of pseudogenes possessed by an entity 
may correlate to its level of host adaption.  
Although STS432 and STS439 both possess an 
increased numbers of pseudogenes, ST432 has a 
significantly higher share.  Examples of ST432 
pseudogenes include acrD, a gene encoding a 
multidrug efflux transporter involved in 
aminoglycoside efflux, narX and phoX, two 
genes involved in substrate sensing and signaling, 
and cas3, a gene that when knocked-out has been 
found to result in decreased virulence and 
increased cellular survival, features that would in 
turn favor the survival of an intracellular 
organism.7 
 
ST432 also possess additional unique virulence 
factors absent in ST432, such as five genes 
considered to encode fimbria with a high 
similarity to the P/Pap pilus gene cluster of 
uropathogenic E. coli, which mediate attachment 
to uroepithelial cells.  These fimbriae are thought 
to facilitate intestinal colonization in sheep.  An 
additional unique virulence factor of ST432 
compared to ST439 is asr, which encodes an acid 
shock protein, which may facilitate intrahistio-
cytic survival.7  
 
Chronic proliferative rhinitis due to SASd is 
rarely reported.  However, SASd infection is 
quite common in sheep, though with variable 

 
Figure 4-4. Nasal mucosa, sheep. A silver stain 
demonstrates the presence of numerous 2-3 um bacilli 
within glandular epithelial cytoplasm.    (Warthin Starry 
4.0, 400X) 
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geographical prevalence. For example, the 
pathogen is considered endemic in Sweden where 
72% of tested farms in a 2015 report had at least 
one positive fecal sample, of which 94% were 
positive for SASd whereas only 1.1% of 
slaughtered sheep within the United Kingdom 
were positive for Salmonella, with SASd being 
the most common isolate.6 

 
A 2017 Swiss report provides additional insight 
in regard to host factors associated with SASd 
infection.  Three ewes from a herd of 34 ewes and 
28 lambs less than 6 months of age developed 
chronic proliferative rhinitis and eventually died 
or were euthanized due to respiratory distress. 
Bacteriological analysis using nasal swabs 
collected from the remaining members of the 
flock found 87% of adult sheep were positive for 
SASd, while all lambs were negative.  Possible 
explanations for this striking difference include: 
1) maternal antibody protection; 2) a prerequisite 
for immunosuppression (e.g. pregnancy); and/or 
3) prior or concurrent infection with a yet 
undetermined organism.  This discovery indicates 
it may be possible to suppress or eliminate SASd 
from flocks by separating lambs from their dams 
and other remaining adults prior to colonization 
and infection during their first year of life.  
However, the feasibility of eradication utilizing 
this method is purely theoretical and additional 
investigation is needed.6  
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1. True or false? Ovine laryngeal chondritis is the result of aberrant metalloproteinase expression by 

laryngeal chondrocytes. 

a. True 

b. False 

 

2. True or false?  Disease associated with Eimeria gliruthiI  in ruminants is proportional to coccidial 

burden. 

a. True 

b. False 

 

3. What are the main targets of small ruminant lentivirus? 

a. Lymphocytes 

b. Endothelium 

c. Type I pneumocytes 

d. Histiocytes 

 

4. True or false?  The neurologic form of caprine arthritis encephalitis virus infection is primarily 

seen in young goats. 

a. True 

b. False 

5. Salmonella enterica var diarizonae has been dicoumented to target what other organ in adult 

sheep? 

a. Testis 

b. Cerebellum 

c. Liver 

d. Thymus 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2021-2022 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I:   
 
Signalment:  
Canine fetus and placenta. 40 days gestation, 
Dog, Welsh Corgi Pembroke (Canis lupus 
familiaris) 
 
History:  
Two fetuses and placenta. Previous litter 
same stud - 4 pups - normal gestation. No 
new dogs brought into kennel in past year. 
Another dam bred to same stud had a litter of 
12 with 4 mummified fetuses, a third dam 
aborted 4 fetuses around day 40 gestation - 
bred to same stud as the other two females. 
No other previous history of abortion in 
kennel. Dam had temperature of 103 °F day 
after abortion. Physical examination of dam 
unremarkable. No vaccine history at clinic. 
Dogs will go next door and scavenge chicken 
carcasses from time to time.  
 
Gross Pathology:  
No significant external lesions were present 
on the puppies. Puppy A was enclosed in an 
intact placenta, which had no visible lesions. 
 
Laboratory Results: 
Microbiology: Campylobacter jejuni 3+ 
cultured from lung and placenta. 
 
 
 

Microscopic Description:  
Lesions present in the placenta are very 
subtle and involve the region of the marginal 
hematoma and chorioallantois. At the edge of 
the placental labyrinth at the region of the 
marginal hematoma there is proteinaceous 
material that is eosinophilic or hypereosino-
philic and clumped. Around or within this are 
20 µm diameter circular to oval structures 
with a defined outer boundary and containing 
multiple basophilic stippled material 
(trophoblasts filled with bacteria). Attached 
to and part of the non-labyrinthine chorion 
are trophoblasts with a distended cytoplasm 
and fine basophilic stippling (intratropho-
blastic bacteria). In places there are no 
trophoblasts and there is basophilic stippling 
of the eroded surface. Neutrophils and or 

 
Figure 1-1. Placenta, dog. A section of zonary 
placenta is submitted with placental labyrinth at 
top.  A clip of fetal eyelid is in the center of the 
folded membranes.  (HE, 6X) 
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macrophages in the adjacent membrane are 
generally minimal. Throughout the chorio-
allantois, in particular, and between amnion 
and allantois in the amniotic membrane are 
histiocytic cells that sometimes form clusters. 
There are extra cells within the walls of blood 
vessels or adjacent tissue. Some clumps of 
bacteria are within small blood vessels. 
 
Contributor’s Morphologic Diagnoses:  
Intratrophoblastic bacteria of non-lab-
ryinthine placenta and marginal hematoma of 
placenta, and mild fibrinous, necrotic and 
histiocytic placentitis. 
 
Contributor’s Comment:  
The lesions of bacterial failure of pregnancy, 
including abortion, in dogs are generally very 
subtle. The most important change is the 
presence of trophoblasts distended by 
bacteria. These are typically found at the tips 
of the labyrinthine villi and particularly in the 
region of the marginal hematoma. Inflamm-
atory changes are usually mild and involve 
low numbers of neutrophils in the chorion 
near the distended trophoblasts, and 
mononuclear cells, particularly histiocytic 

cells, in other parts of the placenta 
particularly the allantois/amnion. The lesions 
in puppies can be variable, with multifocal 
neutrophilic pneumonia and hepatitis being 
reported.1,3,4 
 
The lesions of Brucella canis are well 
reported in naturally acquired and experi-
mental cases.2 Even then, intratrophoblastic 
bacteria are the predominant change with 
minimal inflammation being present. There 
are a couple of individual case reports of 
Campylobacter jejuni as a cause of repro-
ductive failure with abortion and perinatal 
mortality.1,3,4 These cases may be accomp-
anied by maternal illness including diarrhea, 
and diarrhea in human contacts. Acquisition 
of Campylobacter jejuni is reported from 
chicken carcasses or raw food diet, however 
subclinical persistent carriers do occur. The 
incubation period is typically short and of the 
order of several days. Bacteremia and 
localization in the placenta, phagocytosis by 
trophoblasts, fibrinous inflammation and 
then infection results in abortion, stillbirth or 
perinatal mortality. 
 

 
Figure 1-2.  Placenta, dog.  Trophoblasts lining placental villi immediately adjacent to the marginal sinus are 
swollen by large numbers of intracytoplasmic bacilli. (HE, 380X) 
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Contributing Institution:  
Department of Pathobiology 
Ontario Veterinary College 
University of Guelph 
  
JPC Diagnosis: 
Placenta, edge of marginal hematoma:  
Placentitis, necrotizing, multifocal to coa-
lesceing, mild, with intratrophoblastic, 
intravascular, and extracellular bacilli. 

JPC Comment:   
The contributor provides a concise overview 
of the histologic features and pathogenesis of 
canine abortion due to Campylobacter jejuni, 
an entity more commonly associated with 
reproductive failure in ruminants.  C. jejuni is 
also the leading bacterial etiology associated 
with human foodborne gastroenteritis in both 
North America and Europe.5 

 
Additional Campylobacter sp. associated 
with ruminant reproductive failure include C. 
fetus subsp. fetus and C. fetus subsp. 
veneralis. Although closely genetically 
related, there is significant variability 

between the two C. fetus subspecies in regard 
to their respective host range and 
epidemiologic features. C. fetus subsp. 
veneralis’ distribution is essentially limited 
to the bovine reproductive tract and is the 
leading cause of venereally transmitted 
infectious infertility and embryotic death in 
this species.  Conversely, both C. fetus subsp. 
fetus and C. jejuni have broad host ranges, 
often colonize the gastrointestinal tract of 
cattle, sheep, and goats as commensals, and 
are associated with abortion in sheep and 
cattle.5  
 
McFadyean and Stockman first reported 
Campylobacter’s association with ovine 
abortion following its isolation from an 
aborted sheep fetus in 1906.  The genus has 
since been identified as a worldwide cause of 
infertility and abortion in ruminants. C. jejuni 
and C. fetus subsp. fetus are associated with 
10.3-25.2% of abortions in sheep, making 
Campylobacter one of the one of the leading 
causes of ovine abortion.  Abortions typically 
occur during the last trimester and may affect 
up to 50% of ewes, with the disease 
colloquially known as epizootic abortion. 

 
Figure 1-3. Placenta, dog.  The marginal sinus contains proteinaceous material and cellular debris as well as free 
and intratrophoblastic bacilli. (HE, 380X) 
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Goats and cattle are more sporadically 
affected by C. jejuni and C. fetus subsp. fetus, 
with these entities being detected in 0.9-1.8% 
of aborted caprine fetuses and only 0.19% 
cattle fetuses were positive for C. jejuni 
during a study of approximately 9,000 
aborted fetuses. However, abortion storms 
have also been reported in both goats and 
cattle.5  
 
Historically, C. fetus subsp. fetus was the 
leading species of Campylobacter associated 
with ovine abortion worldwide.  However, C. 
jejuni became the leading cause of 
Campylobacter abortion in ewes in the 
United States during the 2000’s and is 
becoming increasingly common around the 
world.  C. fetus subsp. fetus continues to be 
the primary species causing ovine abortions 
in the United Kingdom and New Zealand, 
although C. jejuni is also a major cause of 
ovine abortion in these countries as well.5 

 
Campylobacter isolates associated with 
ovine abortion have historically demon-
strated a high level of genetic diversity. 
However, recent studies have revealed the 
vast majority of ovine abortions in the United 
States are attributed to a single C. jejuni clone 
since identified as SA for “sheep abortion”. 
A unique feature of this clone is its capability 
to cause both systemic infections and 
abortions, features that have been replicated 

in a well-established laboratory model for 
Campylobacter-induced ovine abortions, the 
pregnant guinea pig.5 

 
Ewes are commonly infected by C. fetus 
subsp. fetus and C. jejuni via the fecal-oral 
route as well as from aborted fetuses and fetal 
membranes.  Most flocks are not affected by 
abortion storms despite Campylobacter’s 
presence on many farms. However, abortion 
storms are often associated with the 
introduction of animals from flocks with 
previous history of abortion into a naïve 
flock, which may affect up to 70% of ewes.  
Large numbers of Campylobacter are 
associated with the products of abortion, 
particularly the placenta and uterine 
discharge, and the bacteria may be 
continually shed in vaginal secretions for 
weeks afterward. Additional ewes often 
become infected after licking aborted fetuses.  
Affected flocks often have a history of one or 
two abortions followed by an abortion 
storm.5   
 
Bulls asymptomatically harbor C. fetus 
subsp. veneralis in the epithelial crypts of the 
penis and prepuce, which is subsequently 
venerally transmitted cows during breeding.  
C. fetus subsp. veneralis infection does not 
prevent fertilization in infected cows, instead 

 
Figure 1-5.  Placenta, dog.  Numerous bacilli line 
the chorion in the region of the marginal sinus.  
(WS 4.0, 400X) 

 
Figure 1-4. Placenta, dog.  A silver stain easily 
demonstrates bacilli within trophoblasts. (WS 4.0, 
400X) 



5 
 

resulting in endometriosis, salpingitis, and 
embryonic death most often between 15-80 
days gestation, with a delayed return to estrus 
in up to 50% of cows in a herd. C. fetus subsp. 
veneralis may also result in abortions 
between 4-7 months of gestation in less than 
10% of infected cows, likely due to smaller 
doses of inoculation or slower than typical 
bacterial replication. In contrast, neither C. 
fetus subsp. fetus nor C. jejuni are transmitted 
venerally by rams nor do they result in an 
ascending infection of the reproductive tract.   
 
Many animals carry C. fetus subsp. fetus and 
C. jejuni in the intestinal tracts and gall 
bladder but do not demonstrate clinical 
disease. However, when animals carrying 
these Campylobacter sp. become immuno-
compromised (such as pregnant ewes), the 
bacteria undergo translocation with systemic 
distribution and subsequent colonization of 
the uterus, resulting in placentitis, fetal 
infection, and abortion, most often during the 
final trimester.5 

 
Macroscopic lesions of the placenta are often 
apparent but subtle, with intercotyledonary 
thickening, edema, congestion, and opacity 
while the cotyledons often have a superficial 
brown-red exudate. Gross findings in the 
fetus may include serosanguinous fluid 
within the body cavities with strands or mats 
of fibrin and there may be hepatic rupture 
with hemoabdomen. In addition, a very 
characteristic (although not pathognomonic) 
gross lesion associated with Campylobacter 
in sheep is a liver with multifocal, pale, 
circular to targetoid foci measuring up to 4cm 
in diameter. However, this lesion is only 
present in approximately 25% of cases and is 
also associated with Flexispira rappini, 
another commensal of the ovine gastro-
intestinal tract associated with sporadic ovine 
abortion.5 

 

The most common histologic lesions 
associated with Campylobacter abortion in 
sheep is placentitis (100%) which is often 
necrosuppurative and associated with 
placental vasculitis.  As in this case, the most 
characteristic features are the presence of 
bacteria within trophoblasts, adjacent stroma, 
and within vascular channel remnants.  
Additional common findings include fetal 
pneumonia (92%), gastroenteritis (54%), 
serositis (41%), hepatitis (35%), and 
encephalitis (8%).5   
 
The gold standard for diagnosis of 
Campylobacter abortion in ruminants is 
culture in conjunction with the previously 
described gross and histologic lesions.  
Optimal locations of culture collection 
include placenta and fetal stomach contents, 
followed by fetal lung, and fetal liver.5 

 

In regard to canines, the first case report of 
Campylobacter-associated abortion origin-
nated from the northwestern United States in 
1984, with the second case report emerging a 
decade later in South Africa, both of which 
described late term abortions. Although the 
pathogenesis C. jejuni-induced abortion in 
canines is unclear, it is suspected to closely 
mirror the process previously described in 
sheep since both species are asymptomatic 
carriers of the pathogen and are affected by 
late term abortion.4 

 

Based on the moderator's experience, 
Campylobacter sp. infection often presents 
with two unique histologic features in both 
canine and ruminant placenta; 1) the 
superficial aspect of the chorioallantois (most 
commonly the allantois in ruminants) has a 
"fuzzy" appearance due to myriad bacteria 
adhered to the superficial aspect; and 2) 
bacterial emboli within blood vessels. These 
findings are in addition to the presence of 
intratrophoblastic bacteria; however, this 
feature is also associated with other bacterial 
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etiologies known to cause canine abortion, 
including (but not limited to) Brucella canis, 
Listeria monocytogenes, and Salmonella spp.  
Feline abortion may also occur as the result 
of infection from the same etiologies, with 
the exception of Brucella canis.  In addition, 
the moderator discussed felines being 
implicated as a source of zoonotic Coxiella 
burnetii infections, with the organism being 
isolated from the placenta from feline 
abortions. 
 
The moderator discussed common features of 
bacterial canine placentitis.  Inflammation is 
most often present in the non-zonary 
chorioallantois but is almost always mild and 
subtle, even in the face of dramatic infection.  
Key regions to evaluate for infected 
trophoblasts include those adjacent to the 
marginal hematoma and the surface of the 
zonary placenta.   
 
Finally, participants noted the presence of 
haired skin within the submitted section of 
placenta. The moderator noted that since 
conjunctival lesions can be an indication of 
amnionitis, some institutions include fetal 
eyelids during regular tissue collection. 
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CASE II:  
 
Signalment:  
~1 day old neonatal calf; no sex provided; 
Angus-cross; bovine (Bos taurus) 
 
History:  
A rancher found a dead neonatal calf.  It was 
the seventh neonatal death that year among 
108 calves.  The reported vaccination history 
was that dams received three products.  These 
were a modified live polyvalent product 
containing BoHV-1, BRSV, BVDV and 
parainfluenza 3 virus; Campylobacter fetus 
bacterin; and a polyvalent inactivated product 
containing bovine rotavirus, bovine corona-
virus, Clostridium perfringens type C, and 
Escherichia coli. No information was 
available about recent illness in the dam 
cohort.  
 
Gross Pathology:  
A veterinary practitioner did the necropsy.  
The laboratory received fresh and fixed 
tissues.  No placental tissue was submitted. 
 
Laboratory Results: 
<10 ppm nitrate in aqueous humor (strip 
test)(within reference range); light growth of 
E. coli and β-hemolytic Staphylococcus sp. 
(lung; liver; small intestine; large 
intestine)(aerobic culture); Ureaplasma sp. 
detected (lung)(PCR); Clostridium 
perfringens type A, small intestine 
(anaerobic culture/PCR). 
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Contributor’s Morphologic Diagnoses:  
Lung: Interstitial pneumonia, mild, diffuse, 
with lymphoid hyperplasia of bronchus- and 
bronchiolar-associated lymphoid aggregates 
(BALT). 
 
Contributor’s Comment:  
Other features in the submitted tissue are 
multifocal intra-alveolar hemorrhage, fibrin  
exudation in BALT, and histiocytic alveo-
litis. The detection by PCR of Ureaplasma 
diversum is significant, given the character of 
the pulmonary changes.  Our laboratory did 
not receive some of the other tissues that help 
support a diagnosis of ureaplasmosis. Non-
pulmonary lesions can include chorio-
amnionitis, erosive conjunctivitis with 
prominent goblet cells, and erosive 
arthritis.4,7-9 Gross pulmonary lesions in 
bovine fetuses that are aborted due to 
ureaplasmosis are subtle or absent (firm, 
poorly aerated), and rarely recognized at 
necropsy.  Most laboratory-diagnosed cases 
of abortion due to U. diversum occur in the 
third trimester.  Some calves, as in this case, 
go to term and die shortly thereafter.  
Abortions can occur earlier in gestation. U. 

diversum also causes embryonic loss, 
although its importance is unclear.9   
 
Our bacteriology laboratory tests lungs of 
aborted bovine fetuses for U. diversum by 
PCR whenever lesions suggestive of 
ureaplasmosis are found.  Hallmark features 
are diffuse interstitial pneumonia and BALT 
hyperplasia, often in a minimally autolytic 
fetal carcass.  Most such cases test positive 
by PCR. Placental and fetal pulmonary 
lesions have been reproduced experimentally 
following intra-amniotic challenge of cattle.7  
Amnionic lesions comprising multifocal 
necrosis with fibrosis and hemorrhage are 
said to be characteristic. According to one 
experienced diagnostic pathologist, U. 
diversum abortion in cattle is infrequent in 
the United States.2 It is apparently more 
common in eastern and western Canada.  
Published surveys of bovine reproductive 
wastage found that ureaplasmosis accounted 
for 2.8% and 4.3% of losses.3  
Slaughterhouse surveys indicate that U. 
diversum is rarely found in fetuses and 
placentas from healthy cattle.   
 

 
Figure 2-1.  Lung, calf.  There is diffuse expansion of the alveolar interstitium (interstitial pneumonia) affecting all 
lobules (HE, 6X) 
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In the past, laboratory diagnosis of U. 
diversum infections relied on culture.  Succ-
essful isolation necessitated rapid transport of 
samples to the laboratory, specialized media, 
and expertise in ureaplasma culture and 
identification.8 This is now largely suplanted 
by PCR using various published molecular 
protocols.14 Controversy and uncertainty 
attend many aspects of ureaplasmosis in 
cattle due to the occurrence of multiple 
serotypes, the suspected existence of 
pathogenic and non-pathogenic strains, and 
failure of some experimental infections to 
induce disease.1 
 
Ureaplasma are members of the family 
Mycoplasmataceae, order Mycoplasmatales. 
They are so named because they possess 
urease activity.5  In the past they were called 
T-mycoplasmas, and presumed to be non-
pathogenic. U. diversum is a common 
commensal in the reproductive tract of male 
and female cattle.  It also colonizes nasal 
passages. U. diversum is considered one 

cause of bovine granular vulvitis syndrome.  
Other, less common conditions in cattle are 
endometritis, salpingitis, bovine seminal 
vesiculitis, and infertility. U. diversum is a 
common contaminant of bull semen, where it 
survives freezing for artificial insemination.  
Abortions due to Mycoplasma and Urea-
plasma infection are sporadic with few 
accounts of herd outbreaks.14 Based on 
experimental studies using caesarean-
delivered, colostrum-deprived calves, U. 
diversum is also a low-grade pulmonary 
pathogen. It induces atelectasis, mild 
interstitial pneumonia, peribronchiolar 
lymphoid cuffs, and BALT hyperplasia.11  
 
On a comparative note, related agents U. 
urealyticum and U. parvum are isolated from 
human amniotic fluid and placentas where 
they are associated with adverse pregnancy 
outcomes. These include preterm births, 
neonatal death, chorioamnionitis, low birth 
weight, pneumonia, and chronic lung 
disease.12,13 

 
Figure 2-2.  Lung, calf.  Alveolar interstitium in multifocally and markedly expanded by variable numbers of 
macrophage, neutrophils, fibrin, edema and cellular debris.  There is segmental type II pneumocyte hyperplasia.  
(HE, 300X) 
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Contributing Institution:  
Wyoming State Veterinary Laboratory; 1174 
Snowy Range Road; Laramie; Wyoming 
82070.  http://www.uwyo.edu/wyovet/ 
  
JPC Diagnosis: 
Lung:  Pneumonia, interstitial, histiocytic, 
moderate, diffuse, with marked BALT 
hyperplasia. 

JPC Comment:   
The contributor provides a concise review of 
ureaplasmosis, an infrequent cause of 
reproductive failure in cattle associated with 
the key histologic features of interstitial 
pneumonia and BALT hyperplasia. 
 
Ureaplasma is one of several genera within 
Mollicutes, a class composed wall-less 
bacteria from which their name is derived 
(mollis and cutis; Latin for “soft” and “skin”, 
respectively). Composed of 14 genera and 
approximately 200 species, Mollicutes are 
considered to be the smallest self-replicating 
free-living organisms and are widely found in 
plants, animals, and humans. Mollicutes 

evolved from a Gram-positive precursor 
though a process known as genomic 
reduction, resulting in the loss of non-
essential genes, such as those encoding the 
peptidoglycan cell wall and variable 
metabolic functions. Some Mollicutes are 
able metabolize carbohydrates (i.e. glucose 
fermenters) or amino acids such as L-
arginine for energy via the arginine 
dehydrolase pathway. However, these 
pathways are defunct in other Mollicutes 
such as Ureaplasma spp. Thus Mollicutes 
metabolism is often tailored to specific 
microenvironments, which explains the 
narrow host ranges and niches of many 
species. Mollicutes that inhabit animals as 
commensals, saprophytes, or pathogens fall 
into three genera:  Mycoplasma, Ureaplasma, 
and Acholeplasma.10  
 
Interestingly, ATP production in Ureaplasma 
spp. occurs via an alternative metabolic 
pathway dependent on the hydrolysis of urea 
into ammonia via urease. This results in an 
intracellular accumulation of ammonia/ 
ammonium and the creation of an 
electrochemical gradient utilized to synth-

 
Figure 2-3. Lung, calf.  There is marked BALT hyperplasia. (HE, 99X)   

http://www.uwyo.edu/wyovet/
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esize ATP via the combined actions of an 
ammonia transporter and a FOF1-ATPase, 
both of which are bound to the trilaminated 
cell membrane.  In addition, ureaplasmas also 
generate ammonia via degradation of L-
histidine through the action of L-histidine 
ammonialyase. Regardless of its initial 
source, the released ammonia results in local 
irritation to mucous membranes in the 
infected urogenital and respiratory tract.10 In 
addition to the local production of ammonia, 
other virulence factors of Ureaplasma spp. 
include the ability to adhere to and invade 
host cells, a range of lipid-associated 
membrane protein (LAMP) compounds, and 
the modulation of both prostaglandin 
synthesis and apoptosis.10   
 
Endometrial cells infected with Ureaplasma 
spp. exhibit a significant reduction in the 
synthesis of prostaglandins E2 and F2a from 
arachidonic acid. This phenomenon is 
mediated by Ureaplasma spp. membrane 
phospholipases, such as phospholipase D.  
Given prostaglandins play a significant role 
in bovine embryo implantation and 
pregnancy maintenance, this modulation 
likely plays a major role in U. diversum’s 
association with premature bovine birth.10  
 
Numerous LAMPs are encoded by the bovine 
ureaplasma genome, which are a mixture of 
cell-surface proteins and lipoproteins that 
interact with host cells and account for a 
significant amount of the cell’s mass.  
LAMPs facilitate several key processes, 
including cellular adhesion and invasion, 
immunomodulation, inhibition or activation 
of apoptosis, and are the major pathogen 
associated molecular patterns associated with 
mollicute species. U. diversum undergoes 
internalization as quickly as one minute 
following its attachment to a target cell, 
which is soon followed by perinuclear 
localization.  This process plays a key role in 
Ureaplasma’s survival in immunocompetent 

hosts, as the intracellular environment 
provides the organism with both nutrients 
and shelter from antimicrobials that do not 
penetrate the host cell. This survival 
mechanism coincides with Ureaplasma’s 
ability to inhibit apoptosis of infected cells.10      
 
Ureaplasma diversum is capable of 
colonizing fetal lung in utero as well as 
newborn lung via endobronchial inoculation.  
As evident in this case, fetal pulmonary 
pathology is typically associated with 
lymphocytic infiltrates (i.e. BALT hyper-
plasia) and is often accompanied by 
conjunctivitis. In most cases the fetus is 
relatively fresh while the placenta is often 
retained and inflamed.10   

 

In addition to rare cases of mycotic 
infections, U. diversum is one of very few 
etiologies associated amnionitis, which 
macroscopically manifests as marked 
thickened of the amnion.  In contrast, U. 
diversum does not cause lesions in the 
chorioallantois.  Optimal tissue specimens 
for confirmatory testing include placenta, 
fetal lung and fetal abomasal fluid.10   
 
Interestingly, Ureaplasma diversum has 
recently been isolated from swine with 
pneumonia.  Isolates were only obtained from 
sick animals, which in contrast to cattle 
which often have asymptomatic infections of 
the respiratory tract. An additional study 
found U. diversum was only detectable in the 
lung tissue of affected swine, while also 
discovering that coinfection with Myco-
plasma spp. such as M. hyopneumonia and 
M. hyorhinus to be common.  Additional 
research is needed in regard to determining if 
U. diversum is simply an opportunistic 
pathogen or is a component of the Swine 
Respiratory Disease complex.10 

 

Although not seen in this case, the moderator 
also discussed the presence of keratinocytes 
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within neonatal airways as an indication of 
fetal distress.     
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CASE III:  
 
Signalment:  
12-year-old female Dutch Warmblood horse 
(Equus caballus) 
 
History:  
The mare presented in late pregnancy with a 
preliminarily diagnosed of nocardioform 
placentitis and was treated with antibiotics, 
non-steroid anti-inflammatory drugs, and 
altrenogest for two weeks. She foaled on day 
325 of gestation and fetal membranes were 
expelled 15 minutes post-partum. 
 
Gross Pathology:  
The chorionic surface had a large avillous 
region, extending from the base of the 
pregnant horn to the cervical star. 
Approximately 50% of the entire chorionic 
surface was coated by tan-brown, opaque, 
viscous exudate extending to the cervical 
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star. The amnion had diffuse mild opacity 
and edema. The chorioallantois weighed 
3.8kg and the umbilical cord plus 
allantoamnion weighed 2.5kg. The total 
length of the umbilical cord is 80.5cm; with 
the total length of the amniotic segment being 
45.4cm and the total length of the allantoic 
segment being 35.1cm. 
 
Laboratory Results: 
Aerobic culture of fresh chorioallantosis 
yielded moderate growth of bacteria in the 
Mycobacterium smegmatis group. 16S PCR 
sequencing of this isolate identified 
Mycobacterium goodii. 
 
Microscopic Description:  
Chorioallantois (placenta): Subgrossly, large 
mesoderm vessels in the chorionic plate have 
hyperplastic smooth muscle and are 
congested. The chorion has progressive loss, 
thickening, fusion and de-arborization of 
microcotyledon villous projections and 
concurrent thickening of the trophoblastic 
epithelium. 
 
Vasculature of chorionic villi have obscured 
endothelium with severe marginization and 
perivascular cuffing by large numbers of 
neutrophils. The thickened sections of 
chorionic epithelium are composed of 
multilayered ballooned trophoblasts and 
syntrophoblasts packed with intracyto-
plasmic gram-positive, variably acid-fast 
positive, beaded bacilli. The chorionic 
surface has variable amounts of detached 

amalgamated degenerate trophoblasts with 
similar intracellular organisms. Chorionic 
connective tissues contain low numbers of 
infiltrating plasma cells, macrophages and 
neutrophils. Allantoic epithelium is 
multifocally eroded. 
 
Contributor’s Morphologic Diagnoses:  
Chorioplacentitis, degenerative, neutrophilic 
to lymphoplasmacytic, regionally extensive, 
chronic, severe, with intralesional intratro-
phoblastic, acid-fast bacilli, chorioallantois. 
 
Contributor’s Comment:  
The focal distribution of equine nocardio-
form placentitis usually infects the chorionic 
surface of the body or horns sparing the 
cervical star. In this case, brown viscous 
exudate coating the chorionic lesion was 
characteristic of that observed in 
nocardioform placentitis that has been 
attributed to Crossiella equi, Amycolatopsis, 
and Streptomyces spp. and others.3,4,8,13 
Histologically, strongly acid-fast positive 
(Fite’s method) intratrophoblastic bacilli 
were continuous with the body of the 
chorioallantois but had highest density in the 
cervical star, suggesting an ascending 
infection. Aerobic culture yielded moderate 
growth of bacteria in the Mycobacterium 
smegmatis-related group and 16S sequencing 
more specifically identified Mycobacterium 
goodii as the etiology. 
 
In horses, mycobacterial placentitis has been 
attributed to various subspecies of Myco-
bacterium avium, specifically hominissuis 
and those in Runyon group IV.5,7 
Mycobacterium smegmatis has been 
implicated in experimental induction of 
mastitis and granulomatous mastitis in sheep 
and dairy cattle, systemic disease in 
immunocompromised canids and peritonitis 
in goldfish.13 M. smegmatis has also caused 
nosocomial infections associated with post-
surgical breast implants and osteomyelitis, 

 
Figure 3-1. Placenta, horse.  There are multifocal 
areas of villar blunting and loss. (HE, 5X) 
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lymphadenitis, cellulitis, and aspiration 
pneumonia in humans.1,4  
 
Taxonomic studies of Mycobacterium 
smegmatis have elucidated three subgroups 
with emerging clinical significance, one 
being Mycobacterium goodii.1,4 This 
subgroup has been reported, in human 
medical literature, to have been cultured and 
implicated in the development of post-
traumatic and/or post-surgical wound 
infections following surgical implantation of 
medical devices.3,4,9 To the knowledge of the 
contributor, this is the first case of 
mycobacterial placentitis in an equid 
attributed to Mycobacterium goodii. 
 
Contributing Institution:  
University of Florida, College of Veterinary 
Medicine 
Department of Comparative, Diagnostic, and 
Population Medicine 
https://cdpm.vetmed.ufl.edu/ 
  
JPC Diagnosis: 
Placenta, chorioallantois:  Placentitis, necro-
tizing and neutrophilic, multifocal to 
coalescing, moderate, with numerous 
intratrophoblastic and extracellular bacilli. 

JPC Comment:   

The contributor provides a concise overview 
of etiologies associated with nocardioform 
placentitis and the emergence of Myco-
bacteria goodii as not only a cause of 
nosocomial infections in humans but also a 
cause of mycobacterial placentitis in mares. 
Mycobacterium goodii is a Gram-positive 
acid fast bacillus classified as a 
nontuberculous mycobacterium (NTM) that 
exhibits rapid growth (2-4 days) on most 
media, including blood, chocolate, trypticase 
soy, Middlebrook 7H10 or 7H11, and 
Lowenstein-Jensen agars; however, gene 
sequencing is required for differentiation 
from other rapidly growing NTM.12 In 
addition to M. goodii, other rapidly growing 
mycobacterial species include those in the M. 
smegmatis, M. fortuitum, and M. chelonae-
abscessus groups as well as other species 
such as M. phlei and M. thermoresistible.  
Rapidly growing mycobacterial species are 
ubiquitous in the environment and can be 
found in soil, dust, and drinking water.2, 11 As 
noted by the contributor, M. goodii is closely 
related to M. smegmatis, an agent commonly 
associated with nosocomial infections.12   

 
Figure 3-2. Placenta, horse.  Multifocally, 
trophoblasts lining placental villi are swollen by 
an accumulation of numerous intracytoplasmic 
bacilli.  There is multifocal rupture of affected 
trophoblasts, liberating bacilli into the intervillar 
space.  (HE, 380X) 
 

 
Figure 3-3. Placenta, horse.  In areas of 
trophoblast infection and necrosis, there is 
infiltration of the fibrovascular core of the villi by 
neutrophils admixed with edema and necrosis. 
(HE, 380X) 
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In 1999, Brown et al. reclassified M. 
smegmatis into three species (M. smegmatis 
sensu stricto, M. wolinskyi, and M. goodii) 
based on genetic sequence and antimicrobial 
resistance.  Each species may be identified 
with up 90% accuracy based on its sensitivity 
to tobramycin, with M. smegmatis sensu 
stricto being most susceptible, followed by 
M. goodii with intermediate susceptibility, 
and M. wolinskyi being resistant.2  
 
As previously noted, M. goodii is commonly 
associated with nosocomial infections in 
human healthcare settings following invasive 
procedures. Implantations such as prosthetic 
joints and cardiac pocket devices such as 
pacemakers and automated implantable 
cardiac defibrillators are most commonly 
affected.12 

 
Treatment typically entails a complex 
combination of implant removal, surgical 
debridement, and prolonged appropriate 
antibiotic therapy (up to 12 months). Many 
cases are initially treated empirically with 
clarithromycin and rifampin, both of which 
M. goodii is inherently resistant due to its 

overexpression of the Wag31 gene and 
presence of the erm gene. Wag31 reduces M. 
goodii’s permeability to lipophilic 
medications such as rifampin by increasing 
the thickness of the peptidoglycan layer 
while the erm gene alters the ribosomal 
binding site targeted by macrolides such as 
clarithromycin. The most effective medi-
cations for the treatment of M. goodii in 
humans are sulfamethoxazole /trimethroprim 
and ethambutal. However, allergies and renal 
toxicity often limit the use of sulfameth-
oxazole/trimethroprim, necessi-tating the use 
of alternatives such as doxycycline and 
ciprofloxacin or a combination of amikacin 
and meropenem for more serious 
infections.12     
 
Infection caused by rapidly growing 
mycobacterial species have also been 
reported in cats and less commonly in dogs.  
These infections most commonly result in 
panniculitis and are often preceded by some 
form of trauma, such as bite wounds, 
penetrating foreign bodies, or surgical 
manipulation.  These lesions vary from single 
to multiple, firm, often painless, sub-
cutaneous nodules with multiple draining 
tracts to subcutaneous abscesses. Dogs are 
often affected in regions associated with bite 
wounds or subcutaneous injections, such as 
the dorsum, flank, dorsal neck, and shoulder, 

 
Figure 3-4. Placenta, horse.  A tissue gram stain 
demonstrates intratrophoblastic gram-positive 
bacilli.  (HE, 380X). (Brown-Brenn, 400X) (Photo 
courtesy of:  University of Florida, College of 
Veterinary Medicine  
Department of Comparative, Diagnostic, and 
Population Medicine  
https://cdpm.vetmed.ufl.edu/) 
 

 
Figure 3-5. Placenta, horse.  A Fite-Faraco acid-
fast stain demonstrates intratrophoblastic acid-
fast bacilli.  (Fite-Faraco, 400X) 
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in addition to surgical or intravenous 
catheterization sites. The inguinal region is 
most commonly affected location in cats.2   
 
In mares, placentitis is a common cause of 
pregnancy loss, which occurs due to 
inhibition of nutrient and fetal waste transfer 
across the placenta.  As previously noted by 
the contributor, some cases equine placentitis 
may be categorized as “nocardioform” or 
“mucoid”, implying a nonascending 
placentitis. In these cases, the cervical star 
region of the chorioallantois is spared while 
bacterial foci are distributed to the body 
and/or horns of the chorioallantois.  In 
contrast, ascending placentitis occurs as the 
result of pathogens crossing the cervical 
barrier, classically resulting in inflammation, 
thickening, and separation of the 
chorioallantois at the region on the cervical 
os (i.e. cervical star). Sreptococcus equi 
subsp. zooepidemicus is the most common 
bacterial isolate associated with ascending 
placentitis, followed by Escherichia coli, 
Pesudomonas spp., and Klebsiella spp.  As 
previously discussed by the contributor, 
etiologies associated wtih nocardioform 
placentitis include common soil-borne 
bacteria such as Crossiella equi, 
Amycolatopsis sp., Streptomyces sp., and 
Cellulosisimicrobium cellulans.6 
 
A similar case of an equine abortion is 
reported in a 2014 report by Johnson et al.6, 
which describes a case of mycobacterial 
placentitis with intratrophoblastic acid-fast 
bacteria in the cervical star chorion without 
villous necrosis, inflammation, or hyper-
plasia of trophoblasts. In the case of the 2014 
report, culture revealed a pure growth of 
Mycobacterium Runyon IV, which are 
comprised of fast-growing, saprophytic, acid 
fast, nontuberculous bacilli, which 
encompasses all mycobacteria outside the 
Mycobacterium tuberculosis complex, 
including M. goodii.  Sequence analysis 

using the 16S ribosomal RNA gene and the 
rpoβ gene found the isolate contained a 5% 
difference in the rpoβ gene compared to 
known species at the time, indicating a novel 
species.  Five similar cases of mycobacterial 
abortion reported in Kentucky thoroughbred 
mares between 2002 and 2006 were also 
attributed to an unknown species of 
Mycobacterium.6 Considering the present 
case is the first identified case of M. goodii 
placentitis, a retrospective analysis of tissue 
samples from the previously described cases 
may be warranted. 
 
Although Mycobacteria spp. are rarely 
associated with placentitis and abortion, 
mycobacteriosis should be considered in 
cases where more common bacteria are not 
isolated.  Furthermore, use of acid-fast stains 
should be considered in cases of equine 
placentas exhibiting atypical placentitis 
lesions.6   
 
Conference participants discussed the 
absence of microcotyledons at the lateral 
aspect of the tissue section and its 
significance.  Although the exact location of 
placenta was not specified, the absence of 
microcotyledons indicates the tissue section 
most likely includes a portion of the cervical 

 
Figure 3-6. Placenta, horse.  A Fite-Faraco acid-
fast stain demonstrates the filamentous nature of 
the acid-fast bacilli within debris in the intervillar 
space. (Fite-Faraco, 400X) 
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star.  As noted in the contributor's comment, 
thickening of the cervical star is consistent 
with an ascending infection.   
 
Finally, the moderator and the majority of 
attendees were of the opinion that this case is 
inconsistent with the strict definition of 
nocardioform placentitis. Although the 
presence of brown exudate is a feature of 
nocardioform placentitis, the hyperplastic 
chorioallantois in the region interpreted to be 
the cervical star is more consistent with an 
ascending infection, and this agent is not 
considered a significant player in 
nocardioform placentitides. 
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CASE IV:  
 
Signalment:  
9 year old, Male, Canine; Miniature 
Schnauzer (Canis lupus familiaris) 
 
History:  
Presumed acute abdomen. Chronic cryptor-
chid. Some feminization. Two abdominal 
masses that communicated were resected.  
One was at the base of the right kidney.  The 
second seemed to be a prostatic cyst, 
markedly distended with exudate.   
 
Gross Pathology: 
None submitted.  
 
Laboratory Results: 
None submitted.  
 
Histopathological Description:  
Testis: 
Blood vessels in the pampiniform plexus are 
moderately dilated. The testis is widely 
effaced by a highly cellular, nonencap-
sulated, multilobulated neoplasm composed 
of polyhedral cells arranged in tubules, 
islands, and cords separated and surrounded 
by dense bands of fibrous connective tissue. 
The neoplastic cells have moderate amounts 
of pale eosinophilic, variably foamy (lipid 
droplets) cytoplasm with indistinct cell 
margins and have a round to oval nucleus 
with coarse chromatin and up to two distinct 
nucleoli.   The neoplastic cells occasionally 
palisade along the basement membrane of the 
tubules. Cellular and nuclear pleomorphism 
are mild. Mitotic figures are rare.  
 
Uterus: 
Adjacent to the testis, partially within and 
expanding the tunica albuginea, possibly into 
the tunica vaginalis,  and also representing 
the separate tissue specimen, there is a 

smooth muscle lined tubular structure with a 
lumen lined by cuboidal to low columnar 
epithelial cells and with glandular structures 
within submucosal stroma, consistent with 
uterus. Within the lumen, infiltrating the 
stroma, and within multifocal variably 
dilated glands, there are neutrophils, plasma 
cells, lymphocytes, and foamy pale 
eosinophilic fibrillar material. There are 
areas of squamous metaplasia and erosion.   
 
Contributor’s Morphologic Diagnoses:  
Testis: Sertoli cell tumor 
Uterus: Uterus with pyometra/endometritis  
 
Condition: Persistent Müllerian Duct 
Syndrome 
 
Contributor’s Comment:  
The most common testicular tumors in dogs 
are: seminomas, interstitial cell tumors 
(Leydig cell tumors), Sertoli cell tumors, and 
mixed germ cell-stromal tumors.  
Cryptorchidism is associated with the 
development of seminomas, Sertoli cell 
tumors, and mixed germ cell-stromal 
tumors.1,2 Sertoli cell tumors most commonly 
occur in the right testis1 which is also more 
commonly cryptorchid than the left testis.  
The most common clinical signs/lesions 
associated with Sertoli cell tumors are 
gynecomastia, behavior changes, 

 
Figure 4-1. Gonad and adjacent tissue, dog.  A 
section of testis and multiple sections of uterus 
are submitted from a dog (not two dogs, just one 
dog, and that’s a problem in itself!) (HE, 5X) 
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alopecia, and bone marrow suppression.1,6    
Sertoli cell tumors can be hormonally active 
and secrete hormones including Estrodiol 
17B6 but not all patients with signs of 
feminization have elevated estrogen levels.1     
The most common age at presentation is 10 
years old, however, patients with tumors in a 
cryptorchid testis may present at a younger 
age.6  Grossly, Sertoli cell tumors are firm 
(due to abundant fibrous connective tissue 
within the mass), demarcated, variably 
nodular masses that can grow to very large 
size.1  The majority of Sertoli cell tumors are 
benign neoplasms1 but malignant forms can 
occur and may be more common in a retained 
testis. Histologically, intratubular and diffuse 
forms occur.1  Miniature Schnauzer dogs a 
predisposed to Persistent Müllerian Duct 
Syndrome presenting with cryptorchidism 
(approximately 50% cases)5, Sertoli Cell 
Tumor, and pyometra1, as seen in this case. 
 
Sexual differentiation in dogs occurs in 3 
consecutive events- chromosomal sex 
determination at fertilization, gonodal sex 
development (in utero), and phenotypic 
sexual determination.3,9 Testicular develop-
ment in males requires Müllerian Inhibiting 
Substance (MIS) resulting in Müllerian duct 
regression and testosterone resulting in 
development of the vas deferens and 
epididymides.3  Persistent Müllerian duct 
syndrome (PMDS) is considered a 

phenotypic sex abnormality or disorder of 
sexual development (DSD) and is also a type 
of male pseudohermaphroditism.9  Persistent 
Müllerian Duct Syndrome occurs in 
Miniature Schnauzers1 and other less 
commonly reported dog breeds5,9 and may 
rarely occur in cats.   PMDS is due to a defect 
in production or function of MIS or mutated 
MIS receptor.  A transition mutation resulting 
in a dysfunctional MIS receptor is the cause 
of the autosomal recessive condition in 
minature Schnauzers.7 The affected males 
have a normal male karyotype and male 
gonads, but also have a uterine body, uterine 
tubes, and cranial vagina.9  
 
Pyometra is either acute or chronic 
inflammation of the uterus resulting in a 
purulent exudation.  It can be open (open 
cervix with secondary bacterial infection) or 
closed and aseptic. Male patients with PMDS 
have no cervix or caudal vagina so the 
pyometra is aseptic and may at least in part 
be due to failure of drainage of luminal fluids 
secreted by variably dilated endometrial 
glands. Hormonal influence from a 
functional Sertoli cell tumor and variable 
cystic endometrial hyperplasia can contribute 
to the pyometra as well. 
 
Contributing Institution:  
Marshfield Vet Lab 
1000 N. Oak Avenue 
Marshfield WI 54449  
Wennerdahl.laura@marshfieldclinic.org 

 
Figure 4-2. Testis, dog.  95% of the testis is effaced 
by a densely cellular neoplasm often arranged in 
tubules. Several compressed atrophic 
seminiferous tubules are present at lower right. 
(HE, 40X) 
 

 
Figure 4-3. Testis, dog.  Neopalstic Sertoli calls are 
arranged in sheets (left) and tubules (right). (HE, 
232X) 
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JPC Diagnosis: 
1.  Testis: Sertoli (sustentacular) cell tumor. 
2.  Uterus:  Persistent paramesonephric duct, 
with marked suppurative endometritis and 
cystic endometrial hyperplasia. 
 
JPC Comment:   
The contributor provides a concise review 
male sexual development, factors associated 
with the development of the Persistent 
Müllerian Duct syndrome (PMDS), and 
sequela often associated with this disorder of 
sexual development (DSD), including 
testicular tumors and cryptorchidism, both of 
which were a subject of discussion during 21-
22 WSC 14, case 1.  
 
PMDS was first described as a rare form of 
male pseudohermaphroditism characterized 
by the presence of Müllerian Duct derivatives 
in humans by Nilson in 1939.8  Canine PMDS 
was first reported in 1976 by Brown, Bure, 
and McEntee, who described three cases of 
male pseudohermaphroditism and cryptor-
chidism miniature schnauzers.10 Although 
this XY disorder of sexual development 
(DSD) is most prevalent miniature 
schnauzers, it has since been reported other 
canine breeds, cats, cattle, goats, and a beluga 
whale.4,11 

 

PMDS may arise due to either lack of anti-
Müllerian hormone or a faulty receptor.  In 
miniature schnauzers, PMDS is most 
commonly attributed to a cytosine to thymine 
nonsense autosomal recessive mutation in 
exon 3 of the gene encoding the anti-
Müllerian hormone type II receptor 
(AMHR2).7,10 Homozygous dogs therefore 
lack functional receptors for anti-Müllerian 
hormone, resulting in failure of Müllerian 
duct regression and the formation of  
derivatives such as oviducts, uterus, cervix, 
and a cranial vagina, which may insert into 
the prostate. However, these female 
reproductive tract structures are internal and 
the dog exhibits a male phenotype.10   
 
As noted by the contributor, approximately 
50% of cases are either uni- or bilaterally 
cryptorchid.  Despite being fertile, unilateral 
cryptorchid males are generally removed 
from the breeding pool. However, hetero- 
and homozygous female carriers, in addition 
to the remaining 50% of homozygous males 
with normal descended testicles are fertile.10 

 
A 2018 study10 investigating the prevalence 
of the AMHR2 mutation in miniature 
schnauzers found 1.9% of 216 randomized 
samples were homozygous for the AMHR2 
mutation, while 27.3% (n=59) were 
heterozygous.  However, it is worth noting all 
the DNA samples used in this study were 
obtained from a single regional laboratory 

 
Figure 4-4.  Persistent paramesonephric duct. 
Sections of the persistent paramesonephric duct 
with tortuous and dilated endometrial glands. 
(HE, 12X) 
 
 

 
Figure 4-5.  Persistent paramesonephric duct. 
There is marked suppurative endometritis with 
segmental endometrial necrosis and loss. (HE, 
65X) 
 

https://www.askjpc.org/wsco/wsc_showcase2.php?id=VTlmdmlXTTRIaDVtMDlTYXVVVVU4UT09
https://www.askjpc.org/wsco/wsc_showcase2.php?id=VTlmdmlXTTRIaDVtMDlTYXVVVVU4UT09
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and may therefore reflect prevalence in a 
single geographic region rather than amongst 
the breed as a whole.10  
 
PMDS is associated with significant 
morbidities, including increased risk of 
testicular tumors in cryptorchid males, as 
well as pyometra, both of which are 
demonstrated in this case. Additional 
pathologic conditions associated with PMDS 
include hydrometra, urinary tract infections, 
and prostatitis. Responsible breeding 
programs are therefore desirable in regard to 
the prevention of whelping additional 
puppies affected by PMDS. However, 
implementation of this concept would be a 
challenge given 100% of female and 
heterozygous males and approximately 50% 
of homozygous males are phenotypically 
normal. Therefore, development of a 
commercially available test for the AMHR2 
mutation may be beneficial for the future of 
diagnosing the particular syndrome in this 
breed.10    
 
From an evolving nomenclature standpoint, 
we have included the non-eponymous (but 
not widely used) terminology for a Sertoli 
cell tumor in this case (sustentacular cell 
tumor) 
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1. Where is the best place to find evidence of bacilli in cases of bacterial abortion in dogs. 

a. Within the marginal sinus 

b. Within allantoic epithelium 

c. Within macrophages in the chorion 

d. Within labyrinthine trophoblasts at the edge of the marginal sinus. 

 

2. True or false?  There are no characteristic gross lesions associated with Ureaplasma  abortion in 

calves. 

a. True 

b. False 

 

3. Ureaplasma diversum infection is associated with which of the following? 

a. Infectious pustular vulvovaginitis 

b. Bovine granular vulvitis 

c. Caprine vesicular balanoposthitis 

d. Gizzard erosions in broiler chickens 

 

4. Which of the following has NOT been associated with nocardioform placentitis in the horse? 

a. Amycolatopsis sp. 

b. Crossiella sp. 

c. Bacterioides sp. 

d. Streptomyces sp. 

 

5. Persistent Mullerian duct syndrome is most commonly seen in what bred of dog? 

a. Weimeraner 

b. Boxer 

c. Cocker spaniel 

d. Miniature schnauzer 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2021-2022 Wednesday Slide Conference. This 

RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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Joint Pathology Center 

Veterinary Pathology Services 

 

WEDNESDAY SLIDE CONFERENCE 2021-2022  

 

C o n f e r e n c e 25           4 May 2022 

 

CASE I: Z215/20 (JPC 4167239)   

 

Signalment:  
Adult (>3 year-old), male, red-chested 

mustached tamarin, Saguinus labiatus. 

 

History:  
Bauru Zoo has a New World primate (NWP) 

population ranging from 30 to 55 individuals 

over the past eleven years (2010-2020), with 

16 different species of genre Alouatta, Ateles, 

Callicebus, Lagothrix, Leontopithecus and 

Saguinus. Since 2010, there were 27 deaths 

associated with Prosthenorchis sp. para-

sitism, representing 67.5% of total deaths of 

tamarins and lion tamarins (27/40) and 49.1% 

of deaths in all NWP (27/55). Deaths 

associated to parasitism were reported in 

seven years (2010, 2012, 2013, 2015, 2016, 

2019 and 2020) with an average of one case 

per year over the first nine years (2010-2018), 

and a marked increase in the number of 

deaths over the last two years (2019-2020) 

with an average of nine cases per year. All 

deaths associated to Prosthenorchis sp. 

parasitism affected tamarins and lion 

tamarins, including 18 (66.7%) belonging to 

the genus Saguinus (15 S. bicolor, two S. 

labiatus and one S. niger) and nine (33.3%) 

belonging to the genre Leontopithecus (four 

L. rosalia, four L. chrysomela and one L. 

chrysopygus). 

 

Gross Pathology:  

Grossly, there were multiple yellowish to 

gray soft nodules disseminated on the serosa 

of the ileum, cecum and colon, with 0.2 a 

0.5 cm in diameter. In the intestinal lumen, 

there were dozens of cylindrical adult 

parasites deeply attached to the mucosa, 

morphologically compatible with acantho-

cephalans, and the intestine wall was 

diffusely thick and edematous. Additionally, 

the animal had severe cachexia. 

 

Laboratory Results: 

None. 

 

Microscopic Description:  
Small intestine. Focally extensive area of 

ulceration extending into the mucosa, 

submucosa and muscular layers with a 

 
Figure 1-1. Ileum, tamarin.  Numerous cylindrical adult 
acanthocephalans are embedded within the thickened, 
edematous mucosa. (Photo courtesy of:  Departamento 
de Clínica e Cirurgia Veterinária, Escola de Veterinária, 
Universidade Federal de Minas Gerais, Av. Presidente 
Antônio Carlos, 6627 – CEP 30161-970, Belo Horizonte, 
MG, Brazil.) 
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moderate and diffuse lymphohistio-

plasmacytic and neutrophilic infiltrate, 

marked fibroplasia, and an intralesional 

acanthocephalan parasite. There is a 

longitudinal section of an adult parasite with 

a delicate cuticle, a thick hypodermis, a thin 

muscular layer, and a pseudocoelomatic 

cavity filled with a uterus with multiple eggs, 

which is morphologic compatible with an 

adult female acanthocephalan parasite. The 

acanthocephalan is deeply attached to the 

intestine wall by its hooks, which are inserted 

deeply at the external intestinal muscular 

layer. Both transversal and longitudinal 

intestinal muscular layers are completely 

lost. There are myriad of bacteria within the 

path of parasite migration within the intestine 

wall. There are many acanthocephalan eggs 

in the intestinal lumen. The serosa is 

diffusely thick, edematous, with ectasia of 

lymphatic vessels. 

 

Contributor’s Morphologic Diagnoses:  

Small intestine: Ulcerative and necrotizing 

enteritis, transmural, chronic, with intra-

lesional acanthocephalan parasite. 

 

Contributor’s Comment:  
Acanthocephalan parasitism in NWP is 

known to be an important cause of 

malnutrition and death in captivity. Once 

established in a colony it is extremely 

difficult to control or eliminate from the 

environment.8,12,17 Prosthenorchis sp. are 

acanthocephalan parasites found in the small 

and large intestines (ileum, cecum and colon) 

of different mammalian species,2,5 and have 

been reported in captive and free-ranging 

NWP, with two species recognized to infect 

this group of animals: P. elegans and P. 

spirula.2 

 

NWP are the definitive hosts of this parasite, 

and the infection occurs by ingesting 

intermediate hosts, including cockroaches 

and beetles, carrying the infective larvae. 

Usually, captive primates are infected by 

ingestion of intermediate hosts that may be 

offered as environmental enrichment or 

found inside the enclosures as environmental 

pests.17 A feature of acanthocephalans, 

including Prosthenorchis sp., is a well-

developed proboscis that attaches deep in the 

intestinal mucosa.1,9-12 It feeds on the 

intestinal content by osmosis, reducing the 

absorption of nutrients by the host, which in 

chronic infections results in malnutrition and  

cachexia.8,9,11,12 In some cases, this parasite 

can perforate the intestine wall and be found 

free in the abdominal cavity, causing a severe 

and acute peritonitis, which leads to a quick  

 
Figure 1-2.  Ileum, tamarin.  Cross-section of a single 
acanthocephalan embedded within the muscularis.  
There is thickening of muscularis and underlying serosa.  
(HE, 6X) 

 
Figure 1-3.  Ileum, tamarin.  The acanthocephalan is 
attached by hooks deep in the muscularis. The 
attachment site is surrounded by necrotic debris, 
numerous bacilli, and a thick layer of inflamed fibrous 
connective tissue effacing normal architecture.  (HE, 
400X) (Photo courtesy of:  Departamento de Clínica e 
Cirurgia Veterinária, Escola de Veterinária, 
Universidade Federal de Minas Gerais, Av. Presidente 
Antônio Carlos, 6627 – CEP 30161-970, Belo Horizonte, 
MG, Brazil.) 
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death.1,11,12 In addition, acanthocephalan 

parasitism favors bacterial translocation and 

secondary bacteremia, which usually 

contributes to clinical impairment of the 

animal.8 

 

There is a wide variety of feeding habits 

among NWP, ranging from folivorous to 

omnivorous.17 Therefore, although acantho-

cephalan parasitism may affect any genus of 

NWP, some species are more predisposed to 

be parasitized by Prosthenorchis sp. due to 

their feeding habits. For instance, Saguinus 

and Leontopithecus have approximately 80% 

of their diet composed of fruits, and the 

remaining of the diet includes insects, small 

vertebrates, nuts, and nectar, according to 

availability.3,9,13 These species also have 

dentition more adapted to predate small 

vertebrates and insects,17 justifying the high 

prevalence of this parasitism in these genera. 

It is known that wild tamarin groups that have 

more contact with anthropic environment 

tend to have a higher prevalence of P. 

elegans,18 although the parasite seems to be 

less pathogenic for free-ranging animals.15 

Indeed, acanthocephalan parasitism has 

being often reported affecting free-ranging 

NWP in the Brazilian Atlantic Forest, 

particularly in peri-urban areas.1,10,16 

Tamarins and lion tamarins are found in all 

Latin America and some of them, such as S. 

bicolor, are critically endangered.6,14 

Therefore, it is essential for a successful 

conservation strategy to better understand the 

threats for the survival of these species, both 

in captivity and in wildlife, including 

acanthocephalan parasites. 

 

Contributing Institution:  
Departamento de Clínica e Cirurgia 

Veterinária, Escola de Veterinária, 

Universidade Federal de Minas Gerais, Av. 

Presidente Antônio Carlos, 6627 – CEP 

30161-970, Belo Horizonte, MG, Brazil. 

  

JPC Diagnosis: 

Ileum: Enteritis, necrotizing and pyo-

granulomatous, transmural, chronic, severe, 

with acanthocephalid adult and eggs.   

JPC Comment:   
The contributor provides a concise review of 

host factors and the pathogenesis associated 

with  acanthocephalan parasitism in NWMs. 

The phylum Acanthocephala is a diverse 

group of over 1,100 species of pseudo-

coelomates colloquially known as “thorny-

headed worms” due to their characteristic 

proboscis with hook-like projections used to 

anchor the parasite to the host’s 

 
Figure 1-4. Ileum, tamarin. Numerous bacilli are 
present at the attachment site, as demonstrated by 
Gram staining.  (GoodPasture, 100X). (Photo courtesy 
of:  Departamento de Clínica e Cirurgia Veterinária, 
Escola de Veterinária, Universidade Federal de Minas 
Gerais, Av. Presidente Antônio Carlos, 6627 – CEP 
30161-970, Belo Horizonte, MG, Brazil.) 

 
Figure 1-5. Ileum, tamarin. Numerous characteristic 
acanthocephalan eggs are present within the intestinal 
lumen.  (HE, 400X) (Photo courtesy of:  Departamento 
de Clínica e Cirurgia Veterinária, Escola de Veterinária, 
Universidade Federal de Minas Gerais, Av. Presidente 
Antônio Carlos, 6627 – CEP 30161-970, Belo Horizonte, 
MG, Brazil.) 
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gastrointestinal tract.4,7 As noted by the 

contributor, these parasites have a complex 

life cycle with intermediate and definitive 

hosts. Arthropods such as crustaceans and 

insects serve as intermediate hosts, which are 

in turn ingested by definitive and/or paratenic 

vertebrate hosts such as reptiles, amphibians, 

fish, birds, marine and terrestrial mammals, 

and humans.7,19   

 

Acanthocephalans are readily identifiable 

from other metazoan parasites in histologic 

sections by the combined features of a 

pseudocoelom, an anterior end armed with a 

proboscis, and the absence of a digestive 

tract. Additional characteristic features 

include a thin peripheral cuticle, thick 

hypodermis composed of a subcuticular 

felted layer and thicker inner layer of cross 

fibers occasionally interrupted by lacunar 

channels, and two layers of muscle (circular 

and longitudinal) bordering the pseudo-

coelom. Acanthocephalans are dioecious, 

with females containing both immature ova 

also known as “egg balls” and embryonated 

eggs within the pseudocoelom whereas males 

contained paired testes. Finally, acantho-

cephalans possess a unique structure known 

as lemniscus that plays a role in the eversion 

and retraction of the proboscis.4  In the case 

of Prosthenorchis spp., the worms are most 

commonly found attached to the luminal 

aspect of the terminal ileum, cecum, and 

colon, typically within a nodule.1  

 

Acanthocephalan eggs have been discovered 

in copralites from prehistoric humans, 

indicating acanthocephaliasis may be an 

ancient disease of humans.  Humans continue 

to be infected during the modern era, most 

commonly by Macracanthorhynchus hiru-

dinaceus, M. ingens, and Moniliformis 

moniliformis, which parasitize pigs, 

raccoons, and rodents as their primary 

definitive hosts, respectively.  The majority 

of cases involve children, likely as the result 

of putting objects such as insects, in their 

mouths.  Insects and arthropods used for 

medicinal purposes have also been linked to 

human infections.  Finally, humans may also 

become infected by consuming paratenic 

hosts, as is suspected with Bolbosoma spp. 

infection. Cetaceans are considered definitive 

hosts of this genus, while marine planktonic 

crustaceans and fish likely serve as 

intermediate and paratenic hosts, 

respectively.7 

 

Conference participants reviewed the pre-

viously discussed features of acantho-

cephalans in addition to those of other 

metazoan parasites while discussing this 

case.  Unfortunately, the highly characteristic 

feature of an armed proboscis with hook-like 

projections was not in the plane of section.  

Nevertheless, the presence of a pseudo-

coelom and absence of a gastrointestinal tract 

is diagnostic for an acanthocephalan.  Based 

on the patient's signalment and clinical 

history, the moderator agreed the acantho-

cephalan in this case is most likely 

Prosthenorchis elegans. However, the 

moderator cautioned against attempts to 

definitively identify the species, and in many 

cases the genus, of metazoan parasites based 

solely on histologic sections. 
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CASE II: 174994-20 (JPC 4167688)   

 

Signalment:  

2-year-2-month-old, male castrated, Coon-

hound mix, Canis familiaris, dog. 

 

History:  

Over one year history of chronic diarrhea, 

anemia, and iron deficiency, treated for 

suspected inflammatory bowel disease with 

prednisolone. Near the time of biopsy, he 

developed gastrointestinal bleeding and 

suspected steroid-induced hepatopathy. The 

dog was off prednisolone for 2 weeks prior to 

the biopsy. 

 

Gross Pathology:  

The liver was diffusely dark brown to almost 

black. The small and large intestines were 

thickened with a mottled pink-white serosal 

surface. The mesenteric lymph nodes were 

enlarged. 

 

Laboratory Results: 

None. 

 

Microscopic Description:  

Liver: Examined is a single section of a liver 

wedge biopsy, with minimal crush artifact. 

Throughout the section, portal tracts and 

random areas of the parenchyma are 

moderate to severely expanded by multiple 

nodular aggregates of macrophages, multi-

nucleated giant cells, lymphocytes, plasma 

cells, and eosinophils, often centering on up 

to 80 µm diameter, round to irregular to 

folded trematode eggs (granulomas). The 

eggs are characterized by a yellow-clear, up 

to 2 µm thick, hyalinized wall, with multiple, 

approximately 5 µm diameter, round and 

larger, irregular basophilic structures 

(miracidium). Occasionally, the eggs are 

replaced by irregular, clumped, deeply 

basophilic concretions (mineralization). A 

single portal vein is severely dilated and 

contains an approximately 200 µm wide male 

trematode. The trematode is characterized by 

a pale eosinophilic tegument with unevenly 

spaced, 4 µm wide and up to 18 µm long, 

hyalinized eosinophilic spines that are most 

concentrated in the anterior segment, spongy 

parenchyma, intestine filed with coarsely 

granular, golden-brown pigment (hemo-

siderin) and neutrophils, testes, and vitellaria. 

The infiltrating macrophages are often laden 

with coarsely granular, black-brown cyto-

plasmic pigment (parasitic exhaust/“fluke 

pigment”). The nodular inflammatory 

aggregates are associated with streaming 

bundles of collagen (fibrosis) with increased 

numbers of irregular biliary profiles that 

occasionally lack a central lumen (ductular 

reaction). Diffusely, hepatic lobules are 

slightly small, and hepatocytes are similarly 

small and binucleated. Hepatocytes often 

contain moderate amounts of finely granular, 

brown-yellow cytoplasmic pigment (lipo-

fuscin). Additionally, midzonal hepatocytes 

are minimally distended with variably sized, 

poorly demarcated cytoplasmic clear spaces 

separated by thin eosinophilic wisps 

 
Figure 2-1. Liver, intestine, dog. One section of liver and 
a section of intestine are submitted for examination.  At 
subgross magnification, there is scattered pigment 
within the section of liver. (HE, 6X) 
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extending from the cell membrane to the 

nucleus (glycogen). 

 

Ileum: Examined is one ileal full-thickness 

specimen with minimal crush artifact. Within 

the lamina propria, submucosa, and muscu-

laris are dozens of intact and mineralized 

trematode eggs, as described previously. The 

eggs are often surrounded by small numbers 

of macrophages, multinucleated giant cells, 

lymphocytes, and plasma cells, where 

multinucleated giant cells occasionally 

contain the trematode eggs (phagocytosis). 

These inflammatory cells together with small 

numbers of neutrophils and eosinophils, 

moderately infiltrate the lamina propria of the 

villus tips and deep mucosa. The connective 

tissue of the mid-mucosa is expanded by 

wispy, pale eosinophilic material and clear 

spaces (edema). The crypts are often 

elongated and slightly tortuous with in-

creased numbers of mitotic figures, stacking 

of nuclei, and decreased numbers of goblet 

cells (crypt hyperplasia). The villus to crypt 

ratio is within normal limits at approximately 

2:1.  

 

Contributor’s Morphologic Diagnoses:  

Liver: Moderate, portal and random, chronic 

granulomatous and eosinophilic hepatitis 

with intralesional trematode eggs and adult 

trematode, portal fibrosis, ductular reaction, 

and fluke pigment deposition, consistent with 

schistosomiasis 

 

Ileum: Moderate, generalized, chronic gran-

ulomatous enteritis and myositis with 

intralesional trematode eggs, mid-mucosal 

edema, and crypt hyperplasia, consistent with 

schistosomiasis. 

 

Contributor’s Comment:  

Canine schistosomiasis is caused by Hetero-

bilharzia americana, a digenean trematode in 

the family Schistosomatidae. These trema-

todes are unique in that they are not 

hermaphroditic and have separate sexes, the 

eggs are non-operculated, and the 

metacercariae are not encysted. The males 

have a gynecophoral canal that holds the 

females. Historically, H. americana was 

thought to be endemic to the South Atlantic 

 
Figure 2-2. Liver, dog.  Portal areas are markedly expanded by an inflammatory exudate and pigment, and an adult schistosome 
is present within a hepatic vein. (HE, 18X) 
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and Gulf Coast regions of the United States, 

but recent reports indicate that the 

distribution of this parasite and natural 

occurrence in the domestic dog is broader 

than previously known, especially in the 

Midwestern United States including Kansas 

and Indiana.6,7,12 The present case is also a 

dog from Illinois, without known travel 

history, further supporting the recent spread 

of distribution. 

 

The life cycle of Heterobilarzia is complex, 

where asexual reproduction occurs in a 

lymnaeid snail and sexual reproduction in a 

mammalian host. Raccoons (Procyon lotor) 

are considered the most important natural 

definitive host,1 although a variety of other 

species such as wild and domestic canids, 

nutria (Myocastor coypus), and bobcats 

(Lynx rufus) may also be infected.10 In 

species of veterinary importance, infection in 

horses occur at a relative regularity resulting 

in hepatic, intestinal serosal, and mesenteric 

granulomas.4 Infection is rare in other equids 

and domestic species with single case reports 

in a Grant’s zebra (Equus burchelli boehmi)13 

and llama (Lama glama),3 respectively. 

 

Dogs are exposed to infection when 

swimming or wading in freshwater infested 

with lymnaeid snails, where cercariae 

emerging from the snails penetrate the dog’s 

skin by proteolytic enzymes secreted by the 

acetabulum glands. Subsequently, the 

cercariae will detach their tail and become 

schistosomules that spread to the lungs and 

then to the liver hematogenously, where 

sexual maturation occurs, and the adult 

trematodes will migrate to the mesenteric 

vein through the portal system for sexual 

reproduction. Schistosomiasis is mainly due 

to egg-induced tissue reaction (mainly TH2 

response), while the adults elicit minimal 

host response. Occasionally, adult trema-

todes induce eosinophilic endophle-bitis, 

intimal proliferation, and thrombosis in 

mesenteric and portal veins.11 In the 

presented case, in addition to the liver and 

ileum, similar granulomatous lesions 

associated with eggs were found in the 

concurrently submitted duodenum, jejunum, 

 
Figure 2-3. Liver, dog.  Portal areas are expanded by chronic granulomatous inflammation, extending into the surrounding 
parenchyma and centered on trematode eggs. Hematin pigment is present within macrophages in the expanded portal areas 
and concentrated in Kupffer cells and clusters of macrophages within the adjacent hepatic parenchyma.  (HE, 133X) 
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and mesenteric lymph node, but not in the 

stomach. 

 

Clinical signs in infected dogs are usually 

nonspecific, and may include diarrhea, 

vomiting, weight loss, and anorexia.5 

Clinicopathologic findings are also usually 

nonspecific, including hyperglobulinemia, 

increased liver enzyme activities, and 

eosinophilia.5 The prognosis for treated dogs 

is generally positive, while the disease is 

often fatal in severely infected dogs despite 

aggressive treatment. The outcome of the 

presented case is unknown. 

 

Dogs in other parts of the world may get 

infected with other members of Schisto-

somatidae, such as Schistosoma japonicum 

and S. mansoni. Other schistosomes of 

veterinary importance include Oriento-

bilharzia spp., affecting ruminants, and some 

species of avian schistosomes such as 

Trichobilharzia spp. 

 

 

 

Contributing Institution:  

Cornell University College of Veterinary 

Medicine, 

Department of Biomedical Sciences, 

Section of Anatomic Pathology, 

New York State Animal Health Diagnostic 

Center 

https://www.vet.cornell.edu/animal-health-

diagnostic-center 

JPC Diagnosis:  
1. Liver: Hepatitis, portal, granulomatous, 

chronic, diffuse, marked with numerous 

trematode eggs, fluke pigment, and an 

intravascular adult schistosome. 

 

2. Small intestine: Enteritis, granulomatous, 

multifocal, moderate with numerous 

mucosal and submucosal trematode eggs.  

JPC Comment:   

The contributor provides an excellent review 

of the host range, life cycle, pathogenesis, 

clinical signs, and histomorphologic features 

of the digenean trematode Heterobilharzia 

americana. 

 

 
Figure 2-4. Liver, dog.  Within a hepatic vein, there is a cross section of an adult male trematode with a central gynecophoric 
canal, a ridged cuticle, a spongy body cavity, and cross sections of a testis and hemosiderin-filled ceca. (HE, 107XX) 
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H. americana is endemic in the southeastern 

United States with northward extension along 

the Atlantic coast to the Carolinas.  This 

distribution closely corresponds to the 

geographic range of the only species snail 

historically confirmed to be susceptible to 

infection by H. americana, the semi-tropical 

Galba cubensis. However, a second 

amphibious snail species, G. humilis, was 

recently discovered to also be susceptible to 

both experimental and natural H. americana 

infection.  Unlike G. cubensis, G. humilis is 

widespread throughout North America. 

Furthermore, G. humilis was recently 

implicated in the westernmost H. americana 

outbreak to date, with infections reported in 

12 dogs living near a man-made pond in 

Moab, Utah.  Although G. cubensis has been 

reported as far north as Oklahoma, it is 

possible other species, such as G. humilis, are 

associated the sporadic infections in northern 

states such as Indiana and Illinois.  G. humilis 

also serves as one of several intermediate 

host’s for Fasciola hepatica, a trematode that 

inhabits the bile ducts of sheep and cattle, 

causing cholangiohepatitis.8  

 

G. cubensis and G. humilis are closely related 

to at least 40 subspecies and species of 

“fossarine” lymnaeids, which are relatively 

small snails with shell heights of less than 

15mm and typically live very close to or 

above the waterline but may also be 

completely submerged. Collectively, 

fossarine lymnaeids are distributed 

throughout much of North America, the 

Caribbean, and regions of Central and South 

America.  Given their close genetic 

relationship, multiple Galba spp., in addition 

to those previously identified, may 

potentially serve as intermediate hosts for H. 

americana, though additional research is 

needed to verify this hypothesis.8  

 

Interestingly, infective cercariae are released 

from snails under nocturnal conditions.  This 

is an indication of a host-adaptation of H. 

americana for the common raccoon (Procyon 

lotor), which typically forages in and around 

aquatic habitats during the night.  Further-

more, the westward expansion of H. 

americana may be partially due to an 

increase in the raccoon's range itself, as this 

opportunist was not commonly found in the 

American west until the 20th century as the 

result of urbanization, decreased predation, 

climate change, and expanding agriculture.  

Although H. americana’s maintenance and 

gradual expansion is facilitated by the 

raccoon, infected dogs imported from 

endemic regions also may play a major role 

in its introduction to distant new habitats.8 

 

Humans are also affected by H. americana, 

which causes severe cercarial dermatitis, also 

known as "swimmer's itch", but does not 

result in patent infection.8 However, humans 

are very commonly parasitized by other 

schistosomes, making schistosomiasis the 

second most common parasitic disease of 

humans worldwide, following malaria.  The 

most common species known to infect 

humans are Schistosoma mansoni, S. 

haematobium, and S. japonicum.   

 

Schistosomiasis has plagued mankind for 

millennia, as symptoms consistent with S. 

haematobium were described on ancient 

Egyptian papyrus and calcified S. 

haematobium eggs were recovered from 

 
Figure 2-5. Intestine, dog.  Mineralize trematode eggs 
are present within the lamina propria and submucosa.  
(HE, 32X) 
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3,200 year old Egyptian mummies.9  Over 

two millennia later, Napoleon’s troops 

referred to Egypt as the “land of menstruating 

males” as hematuria from schistosomal 

cystitis was so common that it was 

interpreted as an indication of puberty.2  The 

parasite was first described in humans by 

Theodore Bilharz in 1851.  As a result, the 

condition is also commonly referred to as 

“bilharzia” or “bilharziasis”.9   

 

Schistosomiasis is estimated to cause 

approximately 280,000-500,000 deaths per 

year. In addition, schistosomiasis is 

associated with a tremendous morbidity rate, 

with over 250 million infections, resulting in 

an estimated loss of 3.3 million life-years per 

year according the DALYs index 

(“Disability-Adjusted Life Years”).  Unfort-

unately, human schistosomiasis is grouped in 

a category of diseases known as “Neglected 

Tropical Diseases”, which also includes 

several helminth, protozoal, viral, and 

bacterial diseases. These diseases predom-

inately affect underserved populations living 

in the poorest conditions and contribute 

toward the maintenance of social inequality, 

inherently creating significant barriers for the 

development of the most severely affected 

countries.9 
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CASE III: N19-705A (JPC 4152931)   

 

Signalment:  

Adult, 18 kg, intact male North American 

opossum (Didelphis virginiana), marsupial. 

 

History:  

The opossum was submitted from the 

wildlife center. The patient presented for 

emaciation (body condition score 2/9) and 

multiple abrasions in the skin of the right 

aspect of the chin, tail base and bilaterally on 

the carpal paw pad, as well as a deep puncture 

wound in the right chin that extended into the 

oral cavity. The opossum declined clinically 

and displayed marked respiratory distress; 

euthanasia was performed due to poor 

prognosis.  

 

Gross Pathology:  

Diffusely, all the lung lobes were mottled 

pale pink, light yellow and white with myriad 

irregular, indistinct and coalescing nodules 

forming consolidated and semi-firm paren-

chyma and numerous tiny black and white, 

threadlike, curvilinear to serpentine foci 

randomly scattered throughout. The bronchi 

and bronchioles were filled with abundant 

yellow, thick, mucoid material. At the tip of 

the left cranial lung lobe is a small bulla. 

 

Laboratory Results: 

None. 

 

Microscopic Description:  

Lung: Nearly all the bronchi and bronchioles 

are distended (ectasia) and occluded by 

numerous larvae and a few adult nematodes 

intermixed with large numbers of degenerate 

and non-degenerate neutrophils, macro-

phages, lymphocytes, plasma cells, fewer 

eosinophils, sloughed epithelial cells, 

abundant cellular and pyknotic debris and 

mucus. The adult nematodes have a smooth 

cuticle with underlying hypodermis, lateral 

cords, meromyarian-platymyarian muscu-

lature. The pseudocoelom contains a diges-

tive tract composed of large epithelial cells 

with a brush border and numerous 

intracytoplasmic brown granules, ovaries/ 

testis and uterus harboring numerous 

embryonated ova and larvae. Larvae are 

approximately 90 um in length and 10 um in  

 width with linear arrangment of nuclei. The 

bronchial and bronchiolar epithelium is 

extensively eroded, attenuated or hyper-

plastic. The submucosa is infiltrated by large 

numbers of lymphocytes, plasma cells, and 

macrophages, which also extend into the 

peribronchial tissues. In addition, bronchial 

smooth muscles are thickened (hypertrophy) 

and the peribronchial mucous glands are 

enlarged with abundant mucus production 

(hyperplasia). More than 60% of the alveoli, 

particularly adjacent to the airways, are filled 

and expanded by numerous adult nematodes 

and larvae as described above. The alveoli are 

also extensively effaced by multifocal to 

coalescing granulomas in which large 

numbers of macrophages, multinucleated 

giant cells and few other inflammatory cells 

 
Figure 3-1. Lung, opossum. There are numerous red to 
black nodules scattered throughout all lung lobes.  
(Photo courtesy of: Department of Biomedical Sciences, 
Cummings School of Veterinary Medicine, Tufts 
University, 200 Westboro Rd, N Grafton, MA 01536, 
Website: https://vetmed.tufts.edu/pathology-
service/services/anatomic/) 
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are centered on nematode larvae. The 

granulomatous inflammation is vaguely 

intermixed and encircled by activated 

fibroblasts and collagen fibers that extend 

into the septa of adjacent alveoli. The alveoli 

subjacent to the granuloma are compressed 

and collapsed (atelectasis). Some of the 

remaining alveoli are distended and fused 

(emphysema). The pleura is intermittently 

lined by cuboid (reactive) mesothelial cells. 

 

Contributor’s Morphologic Diagnoses:  

Lung: Pneumonia, granulomatous, 

multifocal to coalescing, chronic, severe with 

adult and larval metastrongyle sp., 

bronchiolar ectasia and occlusion, smooth 

muscle hypertrophy, pulmonary interstitial 

fibrosis, atelectasis, and emphysema, North 

American opossum (Didelphis virginiana), 

marsupial. 

 

Contributor’s Comment:  

 The Virginia opossum (Didelphis virgin-

iana), commonly known as the North 

American opossum, is the only marsupial 

found north of Mexico. As a successful 

opportunist, they frequently inhabit urban 

areas due to the associated proximity to food 

sources. The opossum is a hardy creature that 

seems to adapt to heavy parasitic infections 

quite well.1,4 Interestingly, wild opossums are 

seldom reported to have rabies and to serve 

as a poor-quality host for ticks and pathogens 

(dilution hosts), diverting tick blood meals 

away from competent hosts.7 In addition, 

they are short-lived animals; few live longer 

than 2 years. Whether the short life span of 

the opossum correlates with parasitism is 

unknown. In this case, the opossum presented 

with severe emaciation, respiratory distress, 

and multiple traumatic injuries. At necropsy, 

poor body condition and heavy internal and 

external parasitism were identified. The 

stomach and duodenum are impacted by 

nematodes (Physaloptera turgida), which is 

very common in the opossum population as 

described1,6,7 and the small intestine was 

heavily parasitized by Mesoceastoides spp.1 

However, comprehensive microscopic 

examination of multiple skeletal muscles and 

visceral organs from this opossum did not 

capture Besnoitia darlingi, which is 

commonly noted in opossum. Didelpho-

strongylus hayesi belongs to the order 

Strongylida, superfamily Metastrongyloidea. 

With 48 to 79% of the prevalence rate, D. 

hayesi is one of the most common pulmonary 

nematodes in the opossum.1,7 D. hayesi has 

an indirect life cycle requiring terrestrial 

snails (Mesodon perigraptus or Triodopsis 

albolabris) as an intermediate host. After 

intermediate hosts are ingested, the larvae 

migrate from the alimentary tract to the lung, 

likely through the blood and lymphatic 

circulation and direct penetration. Sub-

sequently, the third-stage larvae mature into 

the adult stage in the 

 
Figure 3-2. Lung, opossum. There are multifocal to 
coalescing areas of inflammation and consolidation 
which are centered on bronchioles. (HE, 6X) 

 
Figure 3-3. Lung, opossum.  Numerous cross and 
tangential sections of metastrongyle adults are present 
within airways and adjacent alveoli. (HE, 30X) 
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airways, particularly intrapulmonary 

bronchi. As presented in this case, numerous 

nematodes admixed with mucus and 

inflammatory cells occlude the bronchiolar 

lumina and alveolar spaces. Unlike other 

lungworms, D. hayesi are distinguished by 

ovoviviparity, in which the eggs are hatched 

within the uteri. The newly hatched larvae 

(L1) migrate up the trachea, are swallowed 

and are then shed in the feces.4 The pathology 

caused by D. hayesi can be mild to severe. In 

a recent study, 20 of 44 opossums trapped in 

the state of Colima, Mexico, carried D. 

hayesi in their airways, but none of them 

showed overt emaciation, suggesting that D. 

hayesi has little or no effect on the general 

health status.8 However, prominent gross 

pulmonary lesions were observed in 5 of 11 

opossums with D. hayesi infection in another 

retrospective study.6 In this case, severe 

respiratory distress occurred as the result of 

airway obstruction, granulomatous pneu-

monia, and extensive fibrosis. The clinical 

deterioration was enhanced by comorbidities, 

including trauma-associated stress, 

malnutrition and gastric impaction due to 

heavy parasitism.  

  

At necropsy, the gross changes in the lungs, 

including the diffuse consolidation of 

parenchyma with numerous granulomatous 

nodules, terminal emphysema, are im-

pressive. Under the microscope, the 

consolidation of the lungs corresponds with 

bronchiolar and alveolar spaces filled by 

nematodes, inflammatory cells, and debris, in 

combination with granulomatous inflame-

mation typically centered on larvae; adult 

worms evoked a relatively mild inflame-

matory response.2,6,8 Tiny black foci 

randomly scattered throughout the lungs, as 

grossly observed, correspond to the parasitic 

brown pigments within the epithelium of 

conspicuous digestive tracts of the nema-

todes.2 The inflammation is mainly 

composed of macrophages, multinucleated 

giant cells and lymphocytes, plasma cells.  

 
Figure 3-4. Lung, opossum.  Higher magnification of male and female metastrongyle adults with thin cuticles, platymarian 
musculature, intestinal epithelium with cytoplasmic hemoglobin pigments, and gonads with embryonated eggs and testes with 
spermatocytes.  (HE, 144X)  
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 The eosinophilic component is minor, 

suggesting chronicity. In addition, the lungs 

failed to collapse due to the thickening of 

alveolar septa arising from interstitial fibrosis 

and infiltration of inflammatory cells. The 

emphysema and atelectasis are the con-

sequence of verminous airway obstructions. 

Bronchiolar and alveolar ductular smooth 

muscle hyperplasia, recognized as a feature 

of D. hayesi in the lungs6, is noted in this 

case.  

 

The morphological changes seen in this case 

are compatible with a late-stage lungworm 

infection in the opossum or other species, 

such as Aelurostrongylus abstrusus in 

cats.2,6,8 It is deemed that these parasites 

induce pulmonary injuries via direct 

mechanical irritation and/or their secretory 

products, which is exacerbated by enzyme 

and free radical released by inflammatory 

cells. Typical features include type II 

pneumocyte hyperplasia, alveolar bronchio-

lization, as well as hyperplasia and 

metaplasia of goblet cells in the airway, 

which are evidence of a response to the 

stimulation and damage of pneumocytes. 

Surfactant overproduction can also result in 

the accumulation of alveolar macrophages.8 

In this case, there is severe granulomatous 

inflammation, fibrosis and smooth muscle 

hypertrophy that occasionally obscures these 

features. This suggests a relatively increased 

severity and chronicity. No evidence of 

concurrent bacterial coinfection or other 

parasite infection, such as Eucoleus 

aerophilus (formerly Capillaria aerophilus) 

or Besnoitia darlingi, was identified in this 

case. 

 

Contributing Institution:  

Department of Biomedical Sciences, 

Cummings School of Veterinary Medicine, 

Tufts University 

200 Westboro Rd, N Grafton, MA 01536 

Website: https://vetmed.tufts.edu/pathology-

service/services/anatomic/ 

 

JPC Diagnosis: 

Lung: Bronchopneumonia, lymphoplasma-

cytic, diffuse, severe, with multifocal 

granulomas, marked smooth muscle 

 
Figure 3-5. Lung, opossum.  Bronchi are ectatic and filled with abundant mucin, metastrongyle larvae and eggs, and there is 
marked hyperplasia of submucosal glands. (HE, 82X) 
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hyperplasia, and metastrongyle adults, 

larvae, and eggs. 

JPC Comment:   

The contributor provides a concise summary 

Didelphostrongylus hayesi’s lifecycle, 

prevalence, histologic features, and 

associated pulmonary lesions described in 

infected Virginia opossums (Didelphis 

virginiana). 

 

D. hayesi is similar to many other 

metastrongyle lungworms in that adults are 

most commonly found in the bronchioles and 

bronchi, which may result in goblet cell 

metaplasia within the bronchiolar epitheium, 

a location not typically inhabited by goblet 

cells.  As a result, chronic bronchiolitis may 

induce excessive mucous production, which 

in turn may form mucous plugs and obstruct 

lower airways. In addition, parasitized 

opposums may also exhibit hyperplasic 

bronchial glands, resulting in a high gland to 

wall thickness ratio, otherwise known as the 

Reid index.  An increased Reid index is an 

indication of prolonged mucosal irritation 

and may be increased as the result of multiple 

conditions, such as allergies, inflammation, 

and parasitic bronchitis.8  

 

Rarely, D. hayesi infection in opossums is 

associated with a lesion known as alveolar 

bronchiolarization. Also known as peri-

bronchiolar metaplasia or "lambertosis" in 

human pathology, this phenomenon occurs as 

the result of an erratic remodeling process in 

which bronchiolar epithelial cells migrate to 

and repopulate alveoli following injury and 

fibrosis. Lambertosis is an eye-catching 

lesion given that it is composed of clusters of 

bronchiolar cells lining the alveolar basement 

membrane and is easily mistaken for 

pulmonary adenoma, as evidenced reports of 

“extensive adenomatoid proliferation of 

alveolar epithelium” in early reports 

describing opossums with verminous 

pneumonia.8 

 

As noted by the contributor, the capillarid 

nematode Eucoleus aerophilus is also 

associated with verminous pneumonia in 

opossums, with dual infections commonly 

reported in the United States.  Both D. hayesi 

and E. aerophilus are associated with 

granulomatous reactions, however, severe 

reactions are predominantly associated with 

the latter.8 

 

Both adult D. hayesi and E. aerophilus 

nematodes may both be found in the bronchi.  

However, the former is also found in the 

bronchioles while the latter is also inhabits in 

the trachea of canids, felids, and some 

omnivorous animals such as opossums.  

Despite its wide host-range and zoonotic 

potential, little is known about E. aerophilus’ 

life cycle although it is hypothesized animals 

become infected following the ingestion of 

an earthworm intermediate host. E. 

aerophilus infection is particularly common 

in wild foxes, with prevalence rates as high 

as 88% in Norway and 84% in the Pannonian 

and Fruska Gora Mountain regions of Serbia.  

In addition E. aerophilus is a parasite of 

economic importance as it is considered to be 

an agent of massive mortality in farmed silver 

foxes.5    

 

E. aerophilus belongs to a group of 

nematodes known as aphasmids, which differ 

from other nematodes by lacking a pair of 

sensory papilla on the caudal aspect, known 

 
Figure 3-6. Lung, opossum.  Bronchioles are filled with 
mucin and metastrongyle larva.  There is airway, 
smooth muscle, and BALT hyperplasia.  (HE, 112X) 
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as phasmids. A characteristic feature of 

aphasmids in histologic sections is a structure 

composed of a row of esophageal gland cells 

(stichocytes), known as the stichosome, 

which surrounds the esophagus.   In addition, 

aphasmids produce either embryonated or 

unembryonated eggs with bipolar plugs.3      

 

During the conference, the moderator 

discussed a unique feature of D. hayesi 

amongst metastrongyles: its meromyarian-

platymyarian musculature.  This feature is in 

contrast to other metastrongyles, which have 

coelomyarian-polymyarian musculature.  

The reason for this variance is unclear, 

although the moderator mused this feature 

may represent a retained feature from an 

evolutionary divergence from nematodes 

with similar musculature, such as strongyles 

or trichostrongyles. 

 

As noted in the contributor's description, the 

section includes multifocal areas of 

atelectasis and emphysema. Participants 

discussed these features and postulated the 

atelectasis likely occurred as the result of 

both bronchiolar obstruction with collapse of 

the downstream airways in addition to 

compression from adjacent granulomas.  

Furthermore, many remaining alveoli are 

emphysematous, which is consistent with the 

clinical history of dyspnea and likely 

increased inspiratory effort.     
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CASE IV: S884/20 (JPC 4166939)   

 

Signalment:  

Adult, male raccoon (Procyon lotor) 

 

History:  

The animal was shot due to central nervous 

signs and submitted for necropsy to clarify 

the cause of disease.  
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Gross Pathology:  

At necropsy, the animal was in a moderate 

nutritional status. In addition to a hemaskos 

and generalized swollen lymph nodes, the 

lungs exhibited multifocal greyish nodular 

lesions up to 3 mm in diameter that are 

slightly raised above the pulmonary surface. 

The liver had slightly rounded edges and a 

firm consistency. The spleen was slightly 

swollen. The stomach was empty. 

 

Laboratory Results: 

Fungal structures were identified as 

Emmonsia crescens using qPCR (target ITS-

2/28s). Using Immunofluorescence, canine 

distemper virus antigen was found in the 

lung, urinary bladder, spleen and brain. 

Immunohistochemistry of the lung revealed 

low to moderate numbers of CDV antigen-

containing bronchial and bronchiolar 

epithelial cells, peribronchial glandular 

epithelial cells, interstitial cells, and typ II-

pneumocytes. Using antibodies against CD3 

and CD20, low numbers of T- and B- 

lymphocytes were seen in the pulmonary 

interstitium. In addition, CD204-expressing 

macrophages were found immunohisto-

chemically in low numbers in the pulmonary 

interstitium and in moderate numbers in 

fungal-associated granulomas. Moreover, 

Staphylococcus spp. was isolated via 

bacterial culture of lung tissue.  

 

Microscopic Description:  

In the lung, affecting about 60% of the tissue, 

there is a multifocal loss of parenchymatous 

architecture by concentrically arranged 

granulomas. Granulomas measure up to 500 

µm in diameter and often show a central, 

fungal adiaspore. These fungal structures 

have a diameter of up to 150 µm and a thick 

(up to 8 µm), round, eosinophilic to 

amphophilic, non-birefringent cell wall and 

contain finely stippled, amphophilic material. 

The adiaspore cell wall stains purple with the 

Periodic Acid-Schiff (PAS) reaction and 

black with Grocott´s methenamine silver 

method. The fungal elements are embedded 

into low to moderate amounts of cellular 

debris that is surrounded by several layers of 

epitheloid macrophages and eosinophils as 

well as low numbers of lymphocytes and 

plasma cells. Occasionally, multinucleated 

giant cells of foreign body type are present in 

the granulomatous wall. 

 

Additionally, the remaining alveolar septa 

are diffusely, mildly thickened by an 

infiltration of mostly macrophages and 

lymphocytes. Multifocally, there is a mild 

hyperplasia of type II pneumocytes. 

Furthermore, bronchial and bronchiolar 

epithelial cells are slightly hypertrophic and 

infrequently contain small, cytoplasmic, 

eosinophilic inclusion bodies. 

 

Contributor’s Morphologic Diagnoses:  

Lung, pneumonia, granulomatous and 

eosinophilic, severe, chronic, multifocal, 

with intralesional fungal conidia (adiaspores) 

and pneumonia, broncho-interstitial, lymph-

ohistiocytic, mild, subacute, diffuse with 

eosinophilic, cytoplasmic inclusion bodies in 

bronchial epithelial cells. 

 

 

 
Figure 4-1. Lung, raccoon:  Numerous slightly raised 
white nodules ranging up to 3mm are distributed 
throughout all lobes. (Photo courtesy of: Department of 
Pathology, University of Veterinary Medicine 
Hannover, Buenteweg 17, D-30559 Hannover, Germany 
http://www.tiho-hannover.de/kliniken-
institute/institute/institut-fuer-pathologie/) 

http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
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Contributor’s Comment:  

Fungal infections are most commonly seen in 

animals that are immunocompromised due to 

infections, malnutrition, stress or various 

other reasons. Therefore, the respiratory tract 

is predisposed due to the direct contact with 

the environment. In the presented case, the 

morphological changes in the lung with 

granuloma formation together with the 

described intralesional fungal elements 

match the histological characteristics of an 

adiaspiromycosis. This fungal infection is 

reported from different continents (e.g. 

Europe, Northern America and Africa) and 

occurs in various mammals, including 

humans, otters, beavers, deer, rabbits and 

rodents. Inhalation of conidia leads to 

granulomatous or pyogranulomatous pneu-

monia with or without inflammatory 

involvement of the local lymph nodes.1,7,10,12 

Inhaled conidia enlarge and form 

nonreplicating adiaspores.1 The underlying 

dimorphic fungus Emmonsia spp. is closely 

related to Blastomyces spp. and has two 

important pathogenic subspecies. In Europe, 

E. crescens characterized by adiaspores 

measuring up to 500 µm in diameter is more 

frequently found than E. parva, which forms 

smaller seized spores of up to 40 µm in 

diameter.3, 5 The latter is more commonly 

seen in xerothermic regions like Africa, Asia 

and partially America.3,5 Pathological 

findings are granulomatous to pyo-granulo-

matous pneumonia, as the infection is 

restricted to the lower respiratory tract.3,7,10  

 

As a differential diagnosis, coccidioi-

domycosis due to infection with Coccidioides 

spp. is also characterized by (pyo-) 

granulomas up to 200 µm in diameter and 

fungal spherules, which contain numerous, 2-

5 µm seized endospores.5   Moreover, the 

observed bronchointerstitial pneumonia in 

association with the presence of eosinophilic, 

cytoplasmic inclusion bodies suggests an 

infection with canine distemper virus (CDV). 

This viral infection was confirmed by both, 

immunohistochemistry and immune-

fluorescence. CDV-antigen was observed in 

various cell types in the lung as well as in the 

brain, spleen and urinary bladder of the 

raccoon. CDV, a pantropic morbillivirus of 

the family Paramyxoviridae, can infect a 

wide range of terrestrial carnivores and 

marine mammals and leads to various forms 

of disease.2 Pathological findings include 

bronchointerstitial pneumonia, gastro-

enteritis, demyelinating encephalomyelitis, 

chorioretinitis, hyperkeratosis (hard pad 

disease), metaphyseal bone lesions and 

enamel hypoplasia.6 Furthermore, CDV 

compromises the immune response of the 

affected host by infecting lymphocytes 

 
Figure 4-2. Lung, raccoon.  There is diffuse mild 
atelectasis and granulomas are scattered throughout 
the lung.  (HE, 6X) 

 
Figure 4-3. Lung, raccoon.  Granuloma are centered on 
150 μm diameter adiaspores with a thick trilaminar 
wall and vacuolated cytoplasm.  (HE, 266X) 
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leading to severe lymphocytolysis.4,13 The 

concomitant immunosuppression represents 

a predisposing factor for various secondary 

infections including viral, bacterial, fungal or 

parasitic infections. In the present case, the 

CDV infection is considered more likely as a 

secondary event superimposed on the 

adiaspiromycosis, because the fully devel-

oped fungal granulomas represent more 

chronic lesions. However, the CDV infection 

represents the most probable cause of the 

central nervous signs of the animal.  

 

Contributing Institution:  

Department of Pathology 

University of Veterinary Medicine Hannover  

Buenteweg 17 

D-30559 Hannover  

Germany  

http://www.tiho-hannover.de/kliniken-

institute/institute/institut-fuer-pathologie/ 

  

JPC Diagnosis: 

1. Lung: Pneumonia, eosinophilic and 

granulomatous, multifocal, severe, with 

numerous adiaspores. 

2.  Lung:  Pneumonia, interstitial, histio-

cytic, diffuse, moderate, with rare 

cytoplasmic viral inclusions. 

 

JPC Comment:   

 The contributor provides a succinct and 

insightful summary of Emmonsia parva and 

E. crescens.  These dimorphic fungi cause 

adiaspiromycosis, a disease that primarily 

affects rodents but is also rarely reported in 

other species and humans.  In addition, the 

contributor provides a concise review of 

canine distemper virus (CDV), a 

morbillivirus capable of infecting multiple 

domestic and wildlife species, including a 

recent report14 describing CDV infections in 

multiple 2-toed sloths (Choloepus 

didactylus).  As noted by the contributor, 

CDV infection is commonly associated with 

clinical signs involving the respiratory, 

gastrointestinal, integumentary, and central 

nervous systems.  Furthermore, this entity 

was previously discussed at length during 21-

22 WSC 5, Case 2. 

 

Emmonsia spp. bear the name of Dr. Chester 

Wilson Emmons, an internationally 

recognized ‘founding father’ of medical 

mycology in the United States. After 

receiving his Ph.D from Columbia University 

in 1931, Dr. Emmons began his long and 

storied career by collecting, observing, and 

classifying dermatophytes based on their 

spores and accessory organs, resulting in 

redefining genera Trichophyton, Micro-

sporum and Epidermophyton based on 

mycological terms and the elimination 

chaotic pre-existing taxonomic nomen-

clature.  Dr. Emmons later colla-borated with 

Dr. Carrion at the School of Tropical 

Medicine at the University of Puerto Rico 

and unequivocally confirmed Actino-myces 

bovis is a normal commensal of the human 

mouth in 1935. He was recruited the 

following year as the first medical 

mycologist at the National Institutes of 

 
Figure 4-4. Lung, raccoon. Rare airway epithelial cells 
contain cytoplasmic viral inclusions. (HE, 400X) (Photo 
courtesy of: Department of Pathology, University of 
Veterinary Medicine Hannover, Buenteweg 17, D-
30559 Hannover, Germany http://www.tiho-
hannover.de/kliniken-institute/institute/institut-fuer-
pathologie/) 

 

http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
https://www.askjpc.org/wsco/wsc_showcase2.php?id=VVFmdVBsNzZ3SWs4R1ZjdHlGTGFxUT09
https://www.askjpc.org/wsco/wsc_showcase2.php?id=VVFmdVBsNzZ3SWs4R1ZjdHlGTGFxUT09
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
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Health (NIH) in an attempt by the institution 

to expand its investigative and surveillance 

capabilities in regard to infectious diseases in 

the United States.  During his tenure, Dr. 

Emmons devoted his professional career 

toward the development of the medical 

community’s recognition of saprophytic 

organisms as being significant causes of 

disease, an underappreciated concept at the 

time.  Examples of these efforts include 

overseeing the discovery of coccidiomycosis 

in rodents in the desert southwest of the 

United States, original research in 

establishing the importance of histo-

plasmosis, the initial isolations of 

Histoplasma capsulatum and Cryptococcus 

neoformans from their natural habits, the 

isolation and identification of new agents of 

fungal diseases (such as Emmonsia spp.), and 

assisting in the development of the antifungal 

medication amphotericin B.  Dr. Emmons 

retired from the National Institutes of Allergy 

and Infectious Diseases (NIAID), NIH as the 

head of the medical mycology division three 

decades later in 1966.  Retirement did not 

suite Dr. Emmons, as he was later appointed 

as a faculty member of Arizona State 

University from 1973-1977, where he 

lectured, continued writing, and searched for 

C. immitis in the soil, amongst other 

academic endeavors.11  

 

Emmons and Jellison first described 

Emmonsia crescens in a 1960 report in which 

they reclassified Haplosporangium parvum 

to Emmsonsia parvum; E. crescens was then 

segregated on the basis of its greater size in 

the adiaspore form. At the time, Emmonsia 

parva’s known range was the arid 

southwestern United States, whereas E. 

crescens had been identified throughout 

North, Central, and South America, Europe, 

and Asia. Interestingly, the etiology 

previously known as H. parvum had not 

identified until 1942 to the puzzlement of 

Emmons and Jellison, who commented how 

it seemed “improbable that a fungus that so 

frequently invades the lungs of rodents to 

have escaped the notice of mammalogists and 

mycologists until 1942.”  The same report 

describes Jellison identifying the fungus in 

preserved lung tissue from a rodent (Microtus 

agrestis) trapped in Sweden in 1845.8       

 

Since Emmons and Jellison’s 1960 report, 

adiaspiromycosis has been identified in over 

118 species of mammals with a global 

distribution and is common in both rodents 

and small terrestrial mammals.  For example, 

a 2009 report found nearly a third of native 

British mammals to be infected with E. 

crescens.  Humans may also be infected, with 

the first human case of adiaspiromycosis 

reported in 1964 and subsequent cases 

reported worldwide.  Both E. crescens and E. 

parava may result in human infections, with 

the former being more commonly 

implicated.15  

 

The term “adiaspiromycosis” itself is derived 

from the characteristically large adiaspores 

that arise following marked enlargement of 

inhaled infective conidia. The term 

“adiaspore” is in reference to the fact these 

structures neither replicate nor disseminate 

 
Figure 4-5. Lung, raccoon.  Airway epithelium contains 
abundant CDV antigen.  (anti-CDV, 600X). (Photo 
courtesy of: Department of Pathology, University of 
Veterinary Medicine Hannover, Buenteweg 17, D-
30559 Hannover, Germany http://www.tiho-
hannover.de/kliniken-institute/institute/institut-fuer-
pathologie/) 

http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
http://www.tiho-hannover.de/kliniken-institute/institute/institut-fuer-pathologie/
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from their original site of implantation, for 

which Emmons and Jellison coined the term 

from Greek α– (not, without), –δια– (by, 

through), and –σπορα (seed, sowing).8,15  

Thus, the severity of disease is determined by 

the inoculum size and the host’s response, 

which may range from subclinical 

pneumonia to diffuse pulmonary disease and 

death.15 

 

As noted by the contributor, Emmonsia's 

large size and thick PAS-positive wall 

histologically resemble Coccidioides spp., as 

well as the mesomycetozoan parasite 

Rhinosporidium seeberi. However, in con-

trast the latter two organisms, endospor-

ulation is not a feature of Emmonsia spp.5 

 

The moderator emphasized the diffuse 

atelectasis in this case, noting the dilated 

patent alveolar ducts on a background of 

collapsed alveoli. 

 

Conference participants noted considerable 

slide variability in regard to intracytoplasmic 

and intranuclear viral inclusions which made 

the diagnosis of canine distemper a 

challenging feature in this case.  
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1. Which of the following is the intermediate host for Prosthenorchis sp? 

a. Snails 

b. Crayfish 

c. Beetles 

d. Ants 

 

2. Which of the following are considered the most important natural host of Heterobilharzia 

americana? 

a. Raccoons 

b. Opossums 

c. Deer 

d. Squirrels 

 

3. Which of the following is the intermediate host for Heterobilharzia americana? 

a. Snails 

b. Copepods 

c. Beetles 

d. Earthworms 

 

4. Which of the following is the intermediate host for Didelphostrongylus hayesi? 

a. Ants 

b. Minnows 

c. Snails 

d. Polychaete worms 

 

5. Emmonsia sp. are most closely related to which of the following? 

a. Histoplasma 

b. Blastomyces 

c. Cryptococcus 

d. Coccidioides 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 

bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 

by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 

to any individual Veterinary Medical Professionals for the 2021-2022 Wednesday Slide Conference. This 



RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 

NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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