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Thanks to the Joint Pathology Center's fantastic military and civilian staff members, 
who helped make this 66th year of the Wednesday Slide Conference possible. Every 
member of the JPC faculty, residents, and administrative staff contribute to its success 
in educating pathologists around the world. 

Special thanks to Ms. Keneyna Gathers, Ms. Andrea Cherilus, and Dr. Bruce Williams 
for their help in organizing and keeping me on task. 

Thanks also to our wonderful moderators, experts that define the word, who joined 
us from around the US to lend their expertise and make it such a valuable training 
experience for our staff and guests who join us each week. While we hope the entirely 
digital delivery of the conference will be an anomaly and artifact of 2020-2021, it has 
been invaluable in helping us consider and test ways to transition to more digital 
access for participants. 

Most of all, a huge thank you to all of our contributors out there - your cases and your 
workups keep getting better every year - we couldn't do it without you.  

We look forward to the kickoff of WSC 2021-2022 in the fall! 

Daniel Finnegan, DVM, MPH, MSE 

2020-2021 WSC Coordinator 
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Case 
No. 

JPC 
Number Contr. No. Species Tissue Diagnosis 

Conference 1 - August 19, 2020 

1 4141690 M19-03419 Ox Lung Bronchopneumonia (Mycoplasma 
bovis) 

2 4135955 1235813-
009 Dog Lung Pneumonia (Extraintestinal 

pathogenic Escherichia coli) 

3 4135870 T18-09330 Pig Lung Pleuropneumonia (Glaesserella 
parasuis) 

4 4140288 T2813/19 
11 Pig Lung Bronchointerstitial pneumonia 

(Mycoplasma hyopneumonia) 
Conference 2 - 26 August, 2020 

1 4116732 S17/4906 Ox Uterus and 
placenta 

Necrohemorrhagic placentitis (Bacillus 
anthracis) 

2 4101204 17-0036 Guinea pig Colon Necrotizing colitis (Entamoeba sp) 

3 4084553 MSKCC 
93303 NSG mouse Uterus Yolk sac carcinoma 

4 4100658 P17-0217 Dog Uterus Pseudoplacentational endometrial 
hyperplasia 

Conference 3 - 2 September, 2020 
1 4032246 11240-12 Dog Liver Toxic hepatocellular necrosis 
2 4141105 4884 A1 Dog Stomach Hypertrophic gastritis 

3 4135953 12 (Case 2) Patas 
monkey Spleen Sclerosing Angiomatoid Nodular 

Transformation (SANT) 

4 4041565 OSU 2013 2 Miniature 
horse Placenta Placental adenomatous hyperplasia 

Conference 4 - 16 September, 2020 

1 4137582 18/530 Goat Small intestine Enteritis (Mycobacterium avium subsp 
hominissuis) 

2 4100929 17-H43332 Dog Bone Granulomatous osteomyelitis 
(Coccidioides immitis) 

3 4065133 MSU 
Case#1 

White-tailed 
deer Haired skin Demodicosis 

4 4114759 L16758 Serval Urinary 
bladder Urothelial carcinoma 

Conference 5 - 23 September, 2020 

1 4135076 S18-8480 Raccoon Intestine Necrotizing enteritis (Cryptosporidium 
sp) 

2 4118631 M17-18662 Pig Cecum Porcine proliferative enteropathy 
(Lawsonia intracellularis) 

3 4122555 ND18-48 Rat Stomach Gastrointestinal stromal tumor (GIST) 



4 4101142 17030960 Muscovy 
duck 

Esophagus, 
liver, 

proventriculus 

Duck Viral Enteritis (Anatid 
herpesvirus-1) 

Conference 6 - 30 September, 2020 
1 4084301 N16-032 Dog Kidney, heart Amyloidosis 

2 4048083 13-6752 Ox Liver Hepatic lipodystrophy of Galloway 
cattle 

3 4118754 18/75 Dog Cerebrum Histiocytic sarcoma 

4 4101228 Case #2 Ox 
Serosa, 

reticulum, 
spleen 

Mesothelioma 

Conference 7 - 7 October, 2020 

1 4153162 A19-490A Brown anole Dermis, 
skeletal muscle Systemic enterococcosis 

2 4152714 F930 
VP19265N 

African 
hedgehog Cerebrum Gemistocytic astrocytoma 

3 4152936 19080625 Leopard 
tortoise Lung Bronchointerstitial pneumonia 

(intranuclear coccidiosis) 

4 4135869 D18-
010210 

Bearded 
dragon Heart Epicarditis (Encephalitozoon pogonae) 

Conference 8 - 14 October, 2020 
1 4048438 19764-13 Dog Spinal cord Meningomyelitis (Neospora caninum) 

2 4135756 No label Horse Liver, 
cerebrum Pyrrolizidine alkaloid toxicity 

3 4119010 PV200 Dog Ileum, cecum Lipogranulomatous lymphangitis 

4 4153559 N864-18 Ox Cerebellum Necrotizing meningoencephalitis 
(Mortierella wolfii) 

Conference 9 - 18 November, 2020 

1 4118172 A18-11077 Cat Heart Feline systemic reactive 
angioendotheliomatosis 

2 4153150 CASE 2 Cat Small intestine, 
lymph node 

Necrosuppurative enteritis (Feline 
panleukopenia virus) 

3 4117377 P17-1884 Cat Cornea Corneal sequestrum 

4 4153152 N1929202 Cat Kidney, 
cerebrum Ethylene glycol toxicity 

Conference 10 - 2 December, 2020 

1 4140283 17-13-JT75 Rhesus 
macaque Colon Ebola virus 

2 4048445 14A030 Rhesus 
macaque Small intestine Necrohemorrhagic enteritis (Yersinia 

enterocolitica) 

3 4118327 16-A-817 Rhesus 
macaque 

Cecum, colon, 
ileum, lymph 

node 

Proliferative typhlitis (Mycobacterium 
avium complex; amyloidosis) 

4 4117663 16154 Rhesus 
macaque Penis Microinvasive squamous cell 

carcinoma 
Conference 11 - 9 December, 2020 

1 4137581 7950-19 Dog Haired skin Langerhans cell histiocytosis 



2 4135141 C-5838-19 Dog Haired skin Canine leproid granuloma 
3 4137397 N542/18J Dog Kidney Cutaneous and renal vasculopathy 
4 4138049 18-2823-3 Horse Haired skin Equine pastern vasculitis 

Conference 12 - 16 December, 2020 

1 4134350 W2019-234 Rabbit Liver Acute hepatocellular necrosis (Rabbit 
hemorrhagic disease virus 2) 

2 4117382 18-2108 Horse Heart Polysaccharide storage myopathy 

3 4152981 T18-6702 Dog 
Cerebrum, 

cerebellum, 
spinal cord 

Cryptococcal meningitis 

4 4152506 A19-1839 Military 
macaw Ventriculus Proventricular dilitation disease 

(Avian bornavirus) 
Conference 13 - 6 January, 2021 

1 4156736 B5125-19 Ox Oral mucosa Actinobacillus lignieresii 
2 4154915 N449-19B Dog Liver Canine hepatic leptosporosis 

3 4156029 N361/19 Striped 
dolphin Cerebrum Cetacean morbilliviral encephalitis 

4 4153941 C008 Sheep Joint capsule Ovine lentiviral arthritis 
Conference 14 - 13 January, 2021 

1 4117060 414375 Horse Ganglion Equine dysautonomia 
2 4153161 S19-3401-3 Horse Dermis Cutaneous leishmaniasis 
3 4101207 S1601220 Horse Liver Clostridium novyi hepatitis 

4 4127786 K18-1448 Horse Lung Equine multinodular pulmonary 
fibrosis 

Conference 15 - 20 January, 2021 
1 4153943 N-169 Horse Kidney Renal actinobacillosis 

2 4153953 CASE 1 GR Pig Kidney Membranoproliferative 
glomerulonephritis type 2 

3 4135943 18N2812 Horse Kidney Immune complex glomerulonephritis 

4 4136107 8002353 Dog Urinary 
bladder Botryoid rhabdomyosarcoma 

Conference 16 - 27 January, 2021 

1 4151722 MK1905835 Squirrel 
monkey Ovary Sex cord stromal tumor (granulosa-

theca cell tumor) 
2 4155463 72739 Mouse Ovary Ovarian teratoma 
3 4134509 A19-7646 Dog Gonad Ovotestis 
4 4068544 T2303/14 Dog Ovary Ovarian hemangioma 

Conference 17 - 3 February, 2021 

1 4136413 F4/19 Pig Heart Porcine vegetative valvular 
endocarditis (Streptococcus suis) 

2 4152315 S 818/19 FB Pig Haired skin Swinepox 
3 4120045 17-046 Pig Haired skin Porcine bullous pemphigoid 

4 4073704 H15-877 Pig Colon Porcine neonatal Clostridioides 
difficile infection 

Conference 18 - 10 February, 2021 



1 4117640 17N00143 Dog Heart Canine atrial paraganglioma 

2 4117513 MK18-
01471 

Rhesus 
macaque Heart Arrhythmogenic right ventricular 

cardiomyopathy 
3 4101144 P17-2052 Dog Cerebrum Canine psammomatous meningioma 

4 4153012 50365 Cat Nasal cavity, 
cerebrum Feline esthesioneuroblastoma 

Conference 19 - 17 February, 2021 

1 4152712 200720011 Kangaroo Heart, liver, 
kidney 

Massive bee envenomation in a 
kangaroo 

2 4134595 VP18063/1 Four-toed 
hedgehog Spleen Eosinophilic leukemia in a hedgehog 

3 4066657 X27229-14 Mink Haired skin Mink dermatophytosis (Trichophyton 
equinum) 

4 4132734 W18-0154-
4 Red fox Lung Multiple lungworm infection in a red 

fox 
Conference 20 - 24 March, 2021 

1 4153750 WSC Case 2 Ferret Brain Ferret systemic coronavirus 

2 4152969 20-12504 Harbor seal 
Cerebellum, 
spinal cord, 

ganglion 

West Nile Virus meningomyelitis in a 
harbor seal 

3 4152972 0240/19.6 Dog Brainstem Tick-borne encephalitis virus 
4 4153548 18-081 Ox Cerebrum Bovine astroviral meningoencephalitis 

Conference 21 - 7 April, 2021 
1 4136811 1316/18 Horse Nasal mucosa Progressive ethmoid hematoma 
2 4085104 143/16 Horse Colon Rhodococcal colitis 

3 4119806 S 106/18 Horse Adrenal gland Waterhouse-Friderichsen syndrome in 
a horse 

4 4048726 N13-1267 Horse Colon Equine cyathostomal colitis 
Conference 22 - 14 April, 2021 

1 4155466 20-003333 Alpaca Long bone Rickets, osteopenia 

2 4152807 MW19-
0351 Horse Kidney Renal Halicephalobus gingivalis in a 

horse 

3 4152932 N19-187 Opossum Long bone Disseminated coccidiosis (Besnoitia 
darlingi) 

4 4116933 933-17 Dog Flat bone Multilobular tumor of bone 
Conference 23 - 21 April, 2021 

1 4052879 MS1401949 C57BL/6N 
mouse Liver, spleen Hepatic and splenic listeriosis 

2 4101224 17-0367-2-
3 Rat Kidney Amphophilic-vacuolar renal cell 

carcinoma 
3 4135948 2019 Case 1 Guinea pig Salivary gland Necrotizing sialometaplasia 

4 4157768 2020-WSC2 Hamster Lung SARS-CoV-2 bronchointerstitial 
pneumonia 

Conference 24 - 28 April, 2021 

1 4139463 19-0026A Cat Ileum Feline eosinophilic sclerosing 
fibroplasia 



2 4155173 19F156892 Cat Digit Metastatic bronchogenic 
adenocarcinoma 

3 4136401 17-0359 Cat Liver Neuroendocrine carcinoma 
4 4152719 B20-121 Cat Globe Iridociliary adenoma 

Conference 25 - 5 May, 2021 

1 4085383 RUSVM 
CASE 1 Dog Kidney Canine atherosclerosis 

2 4141185 H19-107A Cat Heart Feline restrictive cardiomyopathy 
(endomyocardial fibrosis) 

3 4121062 AB968/9 Dog Heart Canine parvoviral myocarditis 

4 4135350 19A087 Rhesus 
macaque 

Peripheral 
nerves Cytomegalovirus in a Rhesus macaque 
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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 1: M19-03419 (4141690-00) 
 
Signalment: Adult, gender unspecified, Red 
Angus (Bos taurus), bovine. 
 
History: Feedlot cattle with acute onset 
respiratory signs with bilateral hemorrhagic nasal 
discharge. Two dead and five showing clinical 
signs out of a herd of 200. A few others had also 
died with similar signs in the past few months. 
Has been vaccinated against Mannheimia 
haemolytica. 
 
Gross Pathology: Cranioventral lung lobe 
consolidation with multifocal to coalescing, well-
demarcated, pale yellow, slightly raised, variably 
sized nodules over the pleural surface. On cut 

 
The lung has numerous yellow raised nodules over its surface. 
(Photo courtesy of: EMAI, Woodbridge Road, Menangle, NSW, 
2568, Australia)  

surface, the lesions extend into the parenchyma. 
There are multifocal emphysema and multiple 
fibrous adhesions to thoracic cavity wall.  
 
Laboratory results: 
 

 
 
 
 
 

Sample Test Results 
Ear notch Pestivirus antigen 

capture ELISA 
(PACE)  
 

Negative 

Fresh lung Bovine Herpesvirus-
1 

Positive 

Fresh lung Bovine 
parainfluenza virus-3 

Negative 

Fresh lung Bovine respiratory 
syncytial virus 

Negative 

Fresh lung Mycoplasma bovis 
PCR 

Positive 

Fresh lung Aerobic culture Profuse 
predominant 
growth of 
Trueperella 
pyogenes and 
Pseudomonas 
aeruginosa 



 
There is marked cranioventral lung lobe consolidation and fibrous 
adhesions (top). (Photo courtesy of: EMAI, Woodbridge Road, 
Menangle, NSW, 2568, Australia)  

Microscopic description: 
Multifocally to coalescing, mainly centered on 
bronchi and bronchioles are large areas of 
accumulation of eosinophilic debris, along with 
necrotic leukocytes that have lost their nuclei but 
retained their cellular outline (ghostlike remnants 
of leukocytes) (caseous necrosis) with occasional 
mineralization that is surrounded by variable 
amounts of neutrophils, a rim of macrophages 
with scattered lymphocytes, and in some areas, 
mild fibroblast proliferation. The remaining 
bronchi and bronchioles epithelium are 
attenuated, hyperplastic and lumina filled with 
eosinophilic and inflammatory debris, 
predominantly neutrophils. There are many areas 
with type II pneumocyte hyperplasia, and 
multifocally, the alveolar lumina are filled with 
homogenous to eosinophilic strands (fibrin) or 
paler eosinophilic fluid (edema), along with 
increased alveolar macrophages and neutrophils. 
The interlobular septa are moderately expanded 
by edema and have multiple lymphatic vessels 
and veins with large thrombi, some of which are 
attached to the vessel wall and have undergone 
reorganization. The pleura is mildly thickened 
with edema. 
 
Lesions are similar in submitted slides, although 
with some variation among the sections. 
 
Contributor’s morphologic diagnosis: 
Lungs: Bronchopneumonia, caseonecrotizing, 
subacute, multifocal to coalescing, marked; with 
type II pneumocyte hyperplasia, and pleural and 
interlobular edema and thrombosis. 

Contributor’s comment: 
Mycoplasma bovis has significant economic and 
welfare consequences as it frequently results in 
chronic disease that fails to respond to 
antibiotics.10 Some animals can be asymptomatic 
and shed for months to years, sometimes 
intermittently, with increased shedding 
associated with stressful events such as 
comingling, transportation and entry into 
feedlot.1,10 Asymptomatic shedders are likely the 
major source of infection and transmission is via 
nasal secretions, aerosols, ingestion of 
contaminated milk, and less importantly via 
fomites (e.g. contaminated water, feed, housing, 
so forth).3,9,10 The pathogen is capable of causing 
various diseases, which have been collectively 
termed Mycoplasma bovis-associated diseases.9 
These include pneumonia, mastitis, otitis media 
and arthritis/tenosynovitis (see table 1).1,3,9,10 
Although M. bovis is known to cause chronic 
caseonecrotic bronchopneumonia, its role in 
other forms of acute and chronic pneumonia 
remains incompletely understood.1,2,10 Other less 
common or less established clinical syndromes 
include decubital abscesses, keratoconjunctivitis 
sicca, meningitis, myocarditis/endocarditis, 
genital infections and abortions.1,3,9,10 M. bovis 
infection can concurrently result in one or more 
of these syndromes.3,9,10  
 
In this case, a diagnosis of M. bovis 
bronchopneumonia was made based on 
characteristic histological changes and a positive 
PCR. Diagnosis of M. bovis cannot be made by 

 
isolation or detection of the agent alone, as 
clinically healthy animals can shed the 
pathogen.1,2,9,10 Typical gross findings include 

Lung, ox.  A section of lung with brightly eosinophilic, well-
demarcated areas of parenchymal necrosis is presented.  The 
remainder of the alveolar parenchyma appears atelectatic and the 
interlobular space is expanded.  (HE, 5X) 



cranioventral bronchopneumonia with red 
discoloration and consolidation and multiple  
well-demarcated, white to yellow caseonecrotic 
foci that ranges from several millimeters to 
centimeters in diameter.2,3,9 Classical histological 
lesions include suppurative bronchopneumonia 
with characteristic well-demarcated foci of 
caseous necrosis centered around bronchi and 
bronchioles, with amorphous eosinophilic 
material, along with ghostlike remnants of 
leukocytes, that are surrounded by neutrophils, 
followed by a rim of lymphocytes, plasma cells, 
macrophages and fibroblasts, which were 
features seen in this case.2,3,8,9 In this case 
Trueperella pyogenes and Pseudomonas 
aeruginosa were also cultured from the lung. 
These two agents were considered secondary 
opportunistic agents and may have resulted in the 
histological changes that are not normally 
associated with M. bovis pneumonia, such as the 
large thrombus within the interlobular septa.  
 
M. bovis is able to colonize mucosal surfaces, 
persist at sites of disease and evade host clearance 
despite eliciting strong immune responses, 
resulting in chronic disease.2,10 The exact 
pathogenesis is not well understood, but the direct 
and indirect immunomodulatory effects on 
inflammatory cells, as well as the large family of 
variable surface lipoproteins (Vsps) are thought 
to be the major contributors.2,9,10 Vsps undergo 
high frequency size and phase variation, allowing 
for strain variation and large antigenic variation, 
which have been suggested to assist in humoral 
immune response evasion.1,2,3 Like other 
Mycoplasma species, M. bovis is able to adhere to  
mucosal surfaces, however unlike other 
Mycoplasma species, colonization does not result 

in ciliostasis.2 Despite extensive experimental 
research, there is still incomplete understanding 
behind the exact pathogenesis of M. bovis 
bronchopneumonia, including how they elicit 
lung damage, and the type of immune response 
that contributes to disease, as opposed to 
protection and clearance of M. bovis.2,10 

 
M. bovis is thought to form synergism with other 
respiratory pathogens, including Mannheimia 
haemolytica, Pasteurella multocida and BoHV-
1.1,9  Synergism with BVDV has also been 
suggested, but remains controversial with 
inconsistent results across different studies.3,12 It 
is also  frequently associated with other infectious 
agents, including viral agents such as Bovine 
Respiratory Syncytial Virus, Bovine 
Parainfluenza Virus-3, Bovine Viral Diarrhea 
Virus (BVDV) and bacterial agents, most 
commonly Mycoplasma arginini and Trueperella 
pyogenes.1,2  
 
In this case, BoHV-1 was also detected from the 
lung tissue by PCR. BoHV-1 can result in 
bronchointerstitial pneumonia with bronchiolar 
erosion, type II pneumocyte proliferation, and 
occasionally epithelial syncytia in alveoli, as well 
as eosinophilic intranuclear inclusion bodies.3 
Apart from type II pneumocyte proliferation, 
these were not a feature in our case. The 
significance and role played by BoHV-1 in this 
case is unclear. BoHV-1 is considered to infect 
animals for life, and stress may cause reactivation 
of latent infections (e.g. from the M. bovis 
infection in this case).3 However, an alternative 
theory is BoHV-1 was a predisposing factor to the 
development of M. bovis bronchopneumonia. 

Lung, ox.  Higher magnification of an area of lytic necrosis, 
surrounded by infiltrating neutrophils and exudate-filled alveoli.  
(HE, 100X) 

 

Lung, ox.  Exudate-filled bronchioles are precursors to foci of 
necrosis. In this bronchiole, the exudate has effaced part of the 
airway epithelium. Adjacent septa are markedly thickened and 
alveoli are filled with polymerized fibrin. (HE, 80X). 

 



Respiratory viral agents such as BoHV-1 can  
result in lysis of ciliated epithelium, impairing the 
mucociliary apparatus, as well as reducing the 
function of alveolar macrophages, and has 
immunosuppressive effects including 
downregulation of type 1 interferon, leukocyte 
apoptosis and decreases MHC 1 and MHCII 
expression.3,4 Furthermore, experimentally, co-
infection with BoHV-1 followed by M. bovis 
resulted in more severe clinical signs and lung 
lesions compared to M. bovis alone.12  

Contributing Institution: 
EMAI, Woodbridge road 
Menangle, NSW, 2568, Australia 
 
https://www.dpi.nsw.gov.au 
https://www.dpi.nsw.gov.au/about-us/services/laboratory-
services/veterinary 
https://www.dpi.nsw.gov.au/about-us/science-and-
research/centres/emai 
 
JPC diagnosis: 
Lung:  Bronchopneumonia, caseonecrotic, 
multifocal, severe, with diffuse interstitial 
pneumonia, and type II pneumocyte hyperplasia. 
 
JPC comment: 
The contributor describes Mycoplasma bovis well 
and summarizes the forms of disease in cattle. 
Recent research has increased our understanding 
of this bacteria, though much remains unknown. 
 
While this disease may not have economic 
importance on the scale of BSE or FMD, bovine 
respiratory disease in U.S. feedlot cattle is 
responsible for approximately $55 million 

annually. Despite many outbreaks being 
associated with new exposure to infected cattle, 
there are no travel restrictions on movement 
related to M. bovis.11 
 
Recent research has elucidated several 
mechanisms and attributes of M. bovis that 
contributes to its pathogenicity, including four 
adhesins (a-enolase, VpmaX protein, NADH 
oxidase, TrmFO protein), two nucleases 
(MBOVPG45_0215, MnuA), and a secretory 
nuclease (MBOV_RS02825). In vitro studies 
have also identified fructose 1,6-biphosphate 
aldolase and methylenetetrahydrofolate-tRNA-
(uracil-5-)-methyltransferase as molecules that 
augment adhesion by binding plasminogen and 
fibronectin, respectively.11 
 
Neutrophils stimulated by M. bovis do not 
produce NETs, and this effect is due to a 
reduction in reactive oxygen species production 
in neutrophils.5 However, the nucleases 
previously mentioned are associated with 
cytotoxicity and the degradation of neutrophil 
extracellular traps (NETs), when present.6,7 
 
Extracellular DNA (eDNA) has been shown (in 
vitro) to be a limiting nutrient for the growth of 
M. bovis. When exposed to sufficient amounts of 
eDNA, the bacterium produces H2O2, which 
appears to be cytopathic for actively dividing 
cells. eDNA, an important component of 
biofilms, is often found in abundance in tissue 
due to necrosis, apoptosis, autophagy, pyroptosis, 
and extracellular release in vesicles. Importantly, 
this research has been performed in vitro only,  
 

Lung, ox.   Early bronchiolar lesion with neutrophilic exudate in 
the lumen.  Alveolar septa are markedly thickened by 
hypertrophic intraseptal macrophages, circulating neutrophils, 
and type II pneumocyte hyperplasia.   

 

In some areas of the section, the alveoli also contain abundant 
polymerized fibrin and numerous alveolar macrophages, 
ingesting fibrin and cellular debris.  (HE, 125X) 

 



Table 1: The common M. bovis associated diseases.3,8,9  
 
Clinical 
syndromes 

Typical 
age 
affected 

Clinical signs Typical gross 
lesions 

Typical 
histological lesions 

Other syndromes 
commonly associated with 
this syndrome 

Pneumonia Any Fever, tachypnoea, 
dyspnea, inappetence, 
poor weight gain, +/- 
nasal discharge, +/- 
coughing 

Cranioventral 
lung 
consolidation and 
reddening with 
multifocal, well-
demarcated, dry, 
yellow to white 
caseonecrotic foci 
ranging from few 
millimeters to 
centimeters in 
diameter. 

Subacute to 
chronic 
caseonecrotic 
bronchopneumoni
a. 

Otitis media, arthritis 

Mastitis Any age 
and stage 
of 
lactation 

Subclinical (common), 
increased somatic cell 
count, reduced milk 
production, swollen 
mammary glands 
(typically >1 quarter 
affected). 

Swollen 
mammary glands, 
mildly abnormal 
to gritty to 
purulent 
mammary 
discharge. 

Mild to severe 
fibrinosuppurativ
e to caseonecrotic 
mastitis 

Arthritis, synovitis, 
respiratory disease 

Otitis media Calves Fever, decreased 
appetite, ear droop, 
ptosis, head 
shaking/scratching/rub
bing, epiphora, 
exposure keratitis, 
purulent aural 
discharge. Head tilt, 
nystagmus, 
circling/falling/drifting 
to one side if otitis 
interna involved. 

Fibrinous to 
suppurative to 
fibrinosuppurative 
to caseous 
exudate 

Suppurative to 
caseous otitis 
media with 
osteolysis. 

Pneumonia, arthritis 

Arthritis/ 
tenosynovitis 

Any age Acute non-weight 
bearing lameness, joint 
swelling/heat/pain, +/- 
fever, +/- inappetence. 
Commonly involves 
tendon sheaths and 
periarticular soft 
tissues. Most 
commonly involves 
large rotator joints 
(hip, stifle, hock, 
shoulder, elbow, 
carpus). Often poor 
response to treatment 

Non-odorous 
serofibrinous to 
suppurative to 
fibrinosuppurative 
to caseous 
exudate and 
fibrosis 

Caseonecrotising 
arthritis with 
articular cartilage 
erosion and 
synovial 
hyperplasia 

Pneumonia, mastitis 



 

testing against embryonal bovine lung cells. In 
vivo results may not correlate exactly.13 
 
North American bison (Bison bison) develop 
infections from M. bovis as a primary pathogen, 
causing polyarthritis and/or pneumonia. 
However, the isolate is genetically different from 
the M. bovis isolated from cattle, and to date, the 
bison strain has not caused natural or 
experimental disease in cattle. The bison variant 
of M. bovis may represent a new host-adapted 
variant.11,12 
 
References: 

1. Caswell JL, Archambault M. Mycoplasma 
bovis pneumonia in cattle. Anim Health Res 
Rev. 2007; 8; 161-186.  

2. Caswell JL, Bateman KG, Cai HY, Castillo-
Alcala F. Mycoplasma bovis in respiratory 
disease of feedlot cattle. Vet Clin Food Anim. 
2010; 26; 365-379.  

3. Caswell JL, Williams KJ. Respiratory 
system. In Maxie MG, ed. Jubb, Kennedy and 
Palmer’s Pathology of Domestic Animals. 6th 
ed., vol. 2. Philadelphia, PA: Saunders 
Elsevier; 2016: 552-554, 537-538.  

4. Ellis JA. Update on viral pathogenesis in 
BRD. Anim Health Res Rev. 2009; 10; 149-
153. 

5. Gondaira S, Higuchi H, Nishi K, Iwano H, 
Nagahata H. Mycoplasma bovis escapes 
bovine neutrophil extracellular traps. 
Veterinary Microbiology. 2017;199:68-73. 

6. Huang J, Zhu H, Wang J, et al. Fructose-1,6-
bisphosphate aldolase is involved in 
Mycoplasma bovis colonization as a 
fibronectin-binding adhesin. Research in 
Veterinary Science. 2019;124:70-78. 

7. Josi C, Burki S, Vidal S, et al. Large-scale 
analysis of the Mycoplasma bovis genome 

identified non-essential, adhesion- and 
virulent-related genes. Frontiers in 
Microbiology. 2019;10:2085. 

8. López A, Martinson SA. Respiratory system, 
mediastinum, and pleurae. In Zachary JF, ed. 
Pathologic Basis of Veterinary Disease. 6th 
ed., St. Louis, MO: Elsevier Mosby; 2017: 
pp.531-532.  

9. Maunsell FP, Donovan GA. Mycoplasma 
bovis infections in young calves. Vet Clin 
Food Anim. 2009; 25; 139-177.  

10. Maunsell FP, Woolums AR, Francoz D, et al. 
Mycoplasma bovis infections in cattle. J Vet 
Intern Med. 2011; 25: 772-783.  

11. Perez-Casal J. Pathogenesis and virulence of 
Mycoplasma bovis. Vet Clin Food Anim. 
2020. 

12. Prysliak T, van der Merwe J, Lawman Z, et 
al. Respiratory disease caused by 
Mycoplasma bovis is enhanced by exposure 
to bovine herpes virus 1 (BHV-1) but not to 
bovine viral diarrhea virus (BVDV) type 2. 
Can Vet J. 2011; 52; 1195-1202.  

13. Register KB, Olsen SC, Sacco RE, et al. 
Relative virulence in bison and cattle of 
bison-associated genotypes of Mycoplasma 
bovis. Veterinary Microbiology. 
2018;222:55-63. 

14. Zhu X, Dordet-Frisoni E, Gillard L, et al. 
Extracellular DNA: A nutritional trigger of 
Mycoplasma bovis cytotoxicity. Frontiers in 
Microbiology. 2019;10:2753. 

 
 
 
 
CASE 2: 1235813-009 (4135955-00) 
 
Signalment: 5.5-month-old, intact male, Beagle 
(Canis familiaris), canine. 
 
History: This purpose-bred research dog was 
found laterally recumbent, pale, tachycardic, and 
dyspneic with blood coming from the mouth 
during a routine room check. A small amount of 
vomitus was noted under the cage. Humane 
euthanasia was elected after veterinary 
consultation. The dog had arrived at the facility 
two weeks prior to presentation and had not yet 
been placed on a study. 
 
 
 
 

Lung, ox.  Arterioles within this section of consolidated lungs 
have markedly expanded muscular walls.  (HE, 100X). 

 



 
Gross Pathology: All lung lobes were diffusely 
mottled red to black and palpated as wet and 
heavy. The remainder of the postmortem 
examination was unremarkable. 
 
Laboratory results: 
Lung bacterial culture: Escherichia coli 3+ 
E. coli virulence factor PCR: Positive for 
cytotoxic necrotizing factor 1 (CNF-1) 
Gram stain: Gram negative bacilli present 
 
Microscopic description: 
In sections of lung, approximately 75% of the 
pulmonary parenchyma was effaced by 

multifocal to coalescing areas of hemorrhage and 
necrosis. Within these regions, alveoli contained 
dense accumulations of erythrocytes and 
neutrophils admixed with aggregates of fibrin, 
eosinophilic proteinaceous edema fluid, plump 
vacuolated macrophages, and scattered colonies 
of bacterial bacilli. Inflammatory infiltrates 
regionally obliterated alveolar septal architecture. 
The pleura, interlobular septa, and collagenous 
connective tissue surrounding bronchovascular 
bundles were expanded by pale eosinophilic 
edema fluid and scattered erythrocytes and 
neutrophils. Vessels frequently contained 
increased numbers of circulating and marginating 
leukocytes. Occasional vessels had smudgy, 
indistinct walls that were segmentally obliterated 
by neutrophils. Airway lumens multifocally  
eosinophilic amorphous material, and necrotic 
debris. 
 
Contributor’s morphologic diagnosis: 
Lung: Severe multifocal necrohemorrhagic 
pneumonia with intralesional bacterial bacilli 
 
 

Lung, dog.  A single section of lung with a large airway is 
presented for examination.  There is consolidation of 
approximately 33% of the alveolar parenchyma at this 
magnification. (HE, 5X) 
 

 

Lung dog.  Alveoli are filled with variable combinations and concentrations of viable and necrotic neutrophils, fewer macrophages, cellular 
debris, fibrin, and edema.  (HE, 340X) 
 



 

Contributor’s comment: Extraintestinal patho-
genic Escherichia coli (ExPEC) is an 
infrequently reported cause of acute fatal 
necrohemorrhagic pneumonia in canines.2 While 
the majority of Escherichia coli strains are 
commensals or primary enteric pathogens, 
ExPEC strains are capable of causing disease in 
multiple organs systems outside of the 
gastrointestinal tract. Specifically, ExPEC-
associated genitourinary infections, meningitis, 
pneumonia, and septicemia have been reported in 
multiple mammalian species including humans.12 
ExPEC strains are characterized by the 
production of certain virulence factors, namely 
cytotoxic necrotizing factor (CNF) 1 and 2.3 The 

genes encoding these virulence factors are 
clustered within a pathogenicity island that has 
been linked to serogroups O4 and O6.5 The 
pathogenesis of infection is unknown, but may be 
related to transmission of bacteria from 
subclinical carriers via feces or milk.14  
 
Other potential infectious causes of acute 
hemorrhagic pneumonia in dogs that can have 
similar clinical presentations and lesions to 
ExPEC include canine influenza, leptospirosis, 
and Streptococcus equi spp zoopeidemicus.4,6,11 
In canine influenza, the lesions are primarily 
centered upon the airways with lesser 
involvement of the alveolar airspaces. 4 
Leptospiral pulmonary hemorrhagic syndrome is 
characterized by severe widespread acute 
pulmonary hemorrhage with inconspicuous 
vascular changes.6 Streptococcus equi spp 
zooepidemicus causes fibrinosuppurative and 
hemorrhagic pneumonia with prominent colonies 
of gram-positive cocci.11 

 
Specifically, in purpose-bred beagle research 
dogs, pneumonia is uncommon and often 
associated with pulmonary misdosing or potential 
test article effects rather than infectious 
etiologies.9 In this case, there were multiple 

Lung dog.  Less affected areas of lungs with a more dense 
concentration of alveolar edema, (HE, 340X) 
 

 

Lung, dog. Areas of septal necrosis (arrows) can be easily identified in these lesions by release of erythrocytes into the alveoli. (HE, 340X). 
 
 



sporadic cases of severe hemorrhagic pneumonia 
at this facility in recent years, which prompted 
concern for an underlying infectious cause. 
Affected dogs were either found dead or 
presented with fulminant clinical symptoms and 
were euthanized in extremis. In most cases, dogs 
were affected immediately post-transport to the 
facility. CNF 1+ E. coli was isolated from lung 
tissue for the majority of the cases at this facility. 
There are rare previous reports of ExPEC-
associated disease in other research facilities.5 
Given these findings, ExPEC should be 
considered as an emerging, important cause of 
acute fatal necrohemorrhagic pneumonia in 
purpose-bred research dogs and may often be 
associated with a recent history of transport. 
 
Contributing Institution: 
Pathology Department 
Charles River Laboratories – Mattawan 
www.crl.com 
 
JPC diagnosis: 
Lung:  Pneumonia, fibrinosuppurative and 
necrotizing, diffuse, severe, with necrotizing 
vasculitis and Gram-negative bacilli. 
 
JPC comment: 
The contributor describes ExPEC well, and 
touches upon the variety of pathogenic effects it 
may have on different organ systems. Recent 
efforts to perform sequence analysis and whole 
genome sequencing has identified one sequence 
type as most prevalent across all regions of the 

world. This strain of E. coli is known as sequence 
type 131 (ST131) and possesses a greater number 
of virulence genes than other identified sequence 
types. One virulence factor strongly associated 
with ST131 is the espC gene, which encodes 
SPATE (serine protease autotransporters of 
Enterobacteriaceae), while antimicrobial 
resistance does not appear to be a fitness factor 
for this bacterium.7 Proteases, and SPATE in 
particular, allow ExPEC to hydrolyze the peptide 
bonds present in proteins and increases its 
virulence. There are more than 20 SPATEs 
currently identified, with most secreted from 
members of Enterobacteriaceae.13 
 
Since ExPEC is an important cause of infections 
in humans (often urinary tract), research has 
attempted to determine sources of infection. A 
study of dog parks in Washington, DC in 2015 
found that approximately 88% of dog stool 
samples, and 88% of swabs from shoes of dog 
park visitors were positive for E. coli. While the 
majority of these isolates were not drug resistant, 
a higher percentage of dog park isolates were 
resistant to more antibiotics than isolates from 
control shoes.1 

 
Isolates of multiple drug resistant (MDR) ExPEC 
(ST73, ST127) have been isolated from the feces 
of endangered southern killer whales (Orcinus 
orca), though it has not been determined whether 
these isolates cause disease or contribute to their 
population decline.8 Comparisons of ExPEC 
isolates from humans and avians show they have 

Lung, dog.  There is marked edema and expansion of the arteriolar 
adventitia.  (HE, 49X). 
 

 

Lung, dog.  There is multifocal necrotizing phlebitis with 
neutrophil exocytosis and hemorrhage, fibrin and edema in the 
perivenular connective tissue.  (HE, 400X). 
 

 



significant genetic overlap and there is evidence 
for pathogenicity of these avian isolates in 
mammalian models in vivo. Avian strains may 
represent an origin of some infections in 
humans.10 
 
There was debate about the origin of ExPEC in 
this animal, and whether it most supported an 
interstitial pneumonia. Many features are 
consistent with an interstitial pneumonia and 
hematogenous infection, but further elucidation 
of pathogenesis would help determine primary 
changes versus secondary. 
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CASE 3: T18-09330 (4135870-00) 
 
Signalment: 5-week-old pig (Sus scrofa 
domesticus) 



 
History: The pig showed weight loss, and 
lethargy. Unthriftiness was also observed in other 
animals in the group. The pig was euthanized, and 
the carcass was received for examination. 
 
 
 
Gross Pathology:  
There was no grossly visible lesion on external 
examination. The carcass was found in a fair 
nutritional condition. A focal skin abrasion was  
observed on the head. Upon opening the carcass, 
it was noted that lungs were adhered to the 
pericardium and the parietal pleura with threads 

and mats of fibrin. The pericardium also was 
adhered to the epicardium with thick fibrin mat. 
Similar thin fibrin threads were observed on the 
serosal surfaces of the abdominal viscera. 
Stomach was empty. Liver was congested.  
 
Laboratory results: Culture on lung tissues 
yielded colonies of Haemophlius parasuis. No 
bacterial growth was observed on cultures from 
liver, spleen and kidneys. Fluorescent antibody 
test for Porcine Reproductive and Respiratory 
Syndrome was negative. 
 
Microscopic description: 
On histology, lesions vary from section to 
section. Abundant dead and degenerate 
neutrophils, necrotic debris, edema and fibrin 
expanded and disrupted the visceral pleura and 
occasionally extended to the subjacent 
pulmonary parenchyma. Multifocal aggregates of 
bacteria were observed in the necrotic areas. The 
remaining pulmonary tissue had diffusely 
collapsed alveoli (atelectasis). Similar dead and 
degenerate neutrophils, fibrin and necrotic debris 
expanded the pericardium, the epicardium, and 
partly extended to myocardium, and were also 
observed on the serosa of small intestines (slides 
not included). Large numbers of dead and 

Lung, pig.  A section of lung is submitted for examination.  At 
low magnification, there is marked expansion of both the 
interlobular septa and pleura by edema.  A 2mm mat of fibrin 
and inflammatory cells covers the pleural surface. (HE, 7X) 
 

Lung, pig. Black arrows demonstrate the thickness of the pleura.  At upper right is the mat of fibrin and neutrophils within the pleural space. 
(HE, 44X) 
 



degenerate neutrophils infiltrated multiple 
sections of reactive lymph nodes with moderate 
follicular hyperplasia. The findings in the other 
examined tissues were within normal limits. 
 
Contributor’s morphologic diagnosis: 

1. Severe, fibrinonecrotic and suppurative 
pleuritis/pleuropneumonia with bacteria 

 
2. Severe, fibrinonecrotic and suppurative 

epicarditis, pericarditis and myocarditis 
(slide not submitted) 

 
3. Moderate multifocal abdominal visceral 

serositis/peritonitis (slide not submitted).  
 
Contributor’s comment: 
The grossly and microscopically observed lesions 
including severe, diffuse, fibrinous pleuritis, 
fibrinous pericarditis, and mild fibrinous 
peritonitis are consistent with polyserositis. 
Polyserositis is inflammation of serous 
membranes of the pleura, pericardium, and 
peritoneum7 and in pigs is often associated with 
infection due to Haemophlius parasuis, the cause 
of Glässer’s disease. The disease is characterized 
by polyserositis, polyarthritis, and fibrinous 
meningitis. It is a major bacterial infection with 

worldwide distribution that has caused 
considerable economic losses even in high health 
status farms in the pig industry due to increase in 
mortality and morbidity. The bacterium, H. 
parasuis is a gram-negative, small, rod-shaped, 
pleomorphic, non-hemolytic, non-motile, 
nicotinamide adenine dinucleotide (NAD)-
dependent and microaerophile bacterium that 
belongs to the genus Haemophilus of the family 
Pasteurellaceae.6,9,12 The bacterium colonizes the 
upper respiratory tract of healthy pigs and, under 
certain circumstances, some strains are able to 
invade the host and cause severe lesions. 
Transmission of infection occurs by aerosols and 
suspended particles in the air and in susceptible 
animals it causes Glässer’s disease, pneumonia 
and sudden death in pigs.9 Fifteen serotypes of H. 
parasuis have been identified4 and individual 
serovars differ in virulence ranging from highly 
virulent to nonvirulent, and considerable 
differences in virulence also exist within each 
serovar.4,6 Virulent strains can be 
microorganisms secondary to pneumonia, cause 
septicemia without polyserositis or Glässer’s 
disease characterized by polyserositis, 
pericarditis, arthritis and meningitis.6  
 

Lung, pig.  Developing granulation tissue at the outermost edge of the pleura. (HE, 204X). 
 



In pathogenic bacteria, virulence factors play a 
critical role in pathogenesis. Factors involved in 
the virulence and pathogenicity of H. parasuis 
that enable some strains to cause a clinical disease 
remain largely unclear. Acute infections are 
occasional, and the clinical disease particularly 
affects young animals exposed to stress. The 
immune status of the host is a determinant factor 
in the pathogenic potential of H. parasuis 
infection4,6,12 and as other members of 
Pasteurellaceae family, H. parasuis can avoid 
phagocytosis. Nowadays, the increase in the 
occurrence of Glässer’s disease is being more 
associated to the current practices in animal 
production and with the emergence of 
immunosuppressive viruses.9  
 
Clinical signs of acute and chronic disease are 
highly variable likely due to variation in the 
virulence of different strains and the immune 
status of the host.6,12 Glässer’s disease occurs 
sporadically in young pigs due to stress factors. 
Three clinical forms of infection due to H. 
parasuis are recognized. The lesions observed in 
the first form are fibrinopurulent exudate on 
serosal surface (polyserositis) of synovium, 
pericardium, peritoneum, pleura and meninges; 
and in the second form septicemia without 
polyserositis, sub-capsular kidney bleeding and 
sudden death are observed; while in the third 
form, H. parasuis can cause pneumonia and be 
isolated as primary or secondary agent in 
infections with Porcine Circovirosis (PCV2) and 
Porcine Reproductive and Respiratory Syndrome 
(PRRS).9 
 
Diagnosis of Glässer’s disease is based on 
clinical signs, presence of lesions at necropsy, 

and bacteriologic culture. Serological diagnosis 
of H. parasuis is inconsistent and inaccurate. 
Nowadays, the development of PCR with more 
sensitivity and specificity has improved 
laboratory diagnosis of infection with H. 
parasuis. The development of molecular 
techniques has improved identification of 
virulence factors, differentiated and genotyped 
strains, defined the true prevalence of systemic 
infection, and helped to better understand 
infection and diseases mechanisms.9 Various 
bacteria may cause similar lesions and should be 
considered in the differential diagnoses. A 
significant association between the detection of 
H. parasuis and M. hyorhinis in serosal swabs 
taken from pigs with polyserositis has been 
documented. Therefore, infection with 
Mycoplasma hyorhinis must be considered as a 
differential diagnosis since it can cause 
polyserositis, arthritis, and pneumonia, clinically 
indistinguishable from Glässer’s disease.8 
Polyserositis and meningitis were also reported 
associated with Escherichia coli infection in 
piglets. Although not a common cause of 
mortality in piglets, septicemic colibacillosis 
could cause high mortality in piglets and should 
be considered as a differential diagnosis in cases 
of polyserositis and meningitis.11  
 
Effective prevention and control of H. parasuis 
have to be done following an epidemiological 
study in each herd.9 The disease caused by H. 
parasuis including polyserositis can be treated 
with antibiotics; however, oral or parenteral 
administration of very high doses of antibiotics is 
necessary as soon as possible after the 
manifestation of clinical signs.6,7 However, pigs 
with clinical signs such as growth retardation and 
a rough coat have a poor prognosis despite 
antibiotic therapy; and antibiotic treatment is 
usually unsuccessful because of the presence of 
the causative agent in the serous membranes.7 
The ideal method to prevent H. parasuis infection 
is vaccination of sows and piglets combined with 
prophylactic antibiotic treatment of newborn 
piglets.4 Commercial or autogenous vaccines can 
be used in the immunoprophylaxis of pre-
parturient sows and piglets after weaning.6 To 
prevent the herd from dissemination and 
infection, even in small farms, some practices 
such as early weaning and segregated production 

Lung, pig.  Marked intralobular edema resulting in atelectasis of 
adjacent parenchyma.  Lymphatics are massively dilated and 
contain edema, polymerized fibrin and neutrophils (HE, 74X) 
 



are recommended.9 The level of animal hygiene 
and animal husbandry are important factors for 
prevention of this disease.6 Some stressful 
practices such as weaning, transportation, and 
numerous sites of production may influence the 
epidemiology of H. parasuis within herds. Use of 
uniform age to weaning and minimizing stress 
factors that cause immunosuppression will help 
to prevent and control clinical disease.9 
 
Contributing Institution: 
The University of Georgia, College of Veterinary 
Medicine, Department of Pathology, Tifton 
Veterinary Diagnostic & Investigational 
Laboratory, Tifton, GA 31793 
http://www.vet.uga.edu/dlab/tifton/index.php 
 
JPC diagnosis: 
Lung:  Pleuropneumonia, fibrinosuppurative, 
diffuse, moderate to severe, with marked 
intralobular edema and fibrin. 
 
JPC comment: 
Karl Glässer first described a condition in pigs in 
Die Krankheiten des Schweines around 1906, 
which included a serofibrinous pleuritis, 
pericarditis, peritonitis, arthritis, and meningitis. 
However, the bacterium was not isolated until 
1922 by Schermer and Ehrlich.6 Around the year 
1912, there was a great deal of confusion about 
whether Hog Cholera was caused by a pair of 
bacteria (bacillus suipestifer and bacillus 
suisepticus) or a virus, there was increasing 
evidence of a viral etiology. However, at the time, 
there was a “Pectoral Form” of Hog Cholera that 
captured many features of what would become 
known as Glässer’s disease. In Special Pathology 
and Therapeutics of the Diseases of Domestic 
Animals (1912), the pectoral form of Hog 
Cholera included a possibility of fibrinous or 
sero-fibrinous pleurisy and sometimes a similar 
pericarditis. Glässer had isolated a potentially 
novel bacillus from two spontaneously affected 
pigs which he felt might independently cause 
primary disease. The considerable overlap 
between disease presentations, the difficulty in 
identifying bacteria, and the shift to a viral 
etiology for Hog Cholera presented numerous 
challenges to researchers at the time.3 
 

Significant resources have been allocated to 
research of Haemophilus parauis in the last 
decade, resulting in refinement of our 
understanding of the disease. More than 15 
serotypes have been described around the world, 
with a number of identified genes encoding 
virulence factors such as sialyltransferase (lsgB), 
polysaccharide biosynthesis protein (capD), 
polysaccharide export proteins (wza), various 
glycosyltransferases (HPM-1370, HPM-1371, 
HPM-1372, HPM-1373), and virulence-
associated trimeric autotransporters (vta1, vta2, 
vta3). A recent study correlated these genes 
encoding proposed virulence factors with the 
different serotypes found in Central Vietnam, 
showing a statistically significant correlation 
between the presence of the HPM-1371, HPM-
1372, capD, and vta1 genes and the serotype 
being highly virulent. Conversely, there was a 
decreased probability of the HPM-1371 and vta1 
genes being present in the moderately and non-
virulent serotypes.10 
 
Virulence-associated trimeric autotransporters 
(VtaA) are exposed surface proteins expressed by 
virulent serotypes and strains of H. parasuis and 
use a Type V secretion system. These 
autotransporters have an inner membrane 
domain, translocator domain, and a passenger 
domain. The passenger domains of all VtaAs 
have repeats and motifs characteristic of 
adhesins, hemagglutinins, invasins, and variable 
numbers of triple helix collagen-like repeats. In 
the case of the vta2 product, it was determined 
that this specific autotransporter likely allowed 
the bacteria to attach to proteins like collagen, 
mucin, and fibronectin, but did not contribute to 
cell adhesion or invasion.1 

Lung, pig.  Alveolar septa are expanded by a combination of 
congestion, edema, fibrin, increased numbers of circulating 
neutrophils, and hypertrophic intraseptal macrophages.  (HE, 
274X) 
 



 
However, it has been shown that H. parasuis 
infection increases expression of TGF-B1, and 
that pre-treatment of porcine kidney cells (PK-
15) in vitro inhibits invasion by H. parasuis. 
There was a correlation between TGF-B1 
expression and expression of fibronectin (Fn) and 
a5 integrin (a5), suggesting that these are critical 
molecules that inhibit cellular invasion by H. 
parasuis. Interestingly, extracellular matrix 
molecules (e.g. fibronectin, a5 integrin) have 
been associated with cellular invasion in 
Streptococcus pneumoniae, group A 
Streptococcus pyogenes, Staphylococcus aureus, 
and Haemophilus influenza.5 
 
Recent phylogenetic analysis of 70 genomes 
showed H. parasuis divided into two tightly 
grouped clades that more recently diverged than 
their closest relatives, Bibersteinia. The two 
clades have so recently diverged that there are 
few new mutations to distinguish the groups, and 
classification cannot be performed confidently. 
Through combined genetic analysis and 
morphologic differences from Haemophilus, this 
bacterium has been recently taxonomically 
classified and renamed as Glaesserella parasuis.2 
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CASE 4: T2813/19 11 (4140288-00) 
 
Signalment: Finishing pig, male, 7-8 month, 
SKS line, Sus scrofa 

 

Lung, pig. There is diffuse and marked hypercellularity 
highlighting the airways and pleura in a lobular fashion. 
(HE, 7X)  



History: 
This pig was part of an “in field”-vaccination 
study against Mycoplasma hyopneumoniae and 
porcine circovirus type 2 (PCV2). The clinical 
examination revealed respiratory symptoms 
typical for M. hyopneumoniae, like dry and non-
productive coughing. To confirm this suspected 
diagnosis the lungs were examined grossly at the 
abattoir. The determined lung score, using the 
scheme of Madec and Kobisch (5), with values up 
to 20 confirmed the clinical diagnosis. 
 
Gross Pathology: 
The tissue collected at the abattoir showed 
cranioventral consolidated lungs with lesions 
consistent with catarrhal and suppurative 
bronchopneumonia. 
 
Laboratory results (PCR/RT-PCR): 
PCV2 (DNA): negative 
PRRSV (RNA) (EU+US): negative 
M. hyopneumoniae (DNA): positive 
A. pleuropneumoniae (DNA): negative 
H. parasuis (DNA): negative 
Swine influenza Virus (RNA): negative 
 
Microscopic description: 
Lung: Affecting 80 % of the tissue, there is a 
marked follicular hyperplasia of peribronchiolar, 
peribronchial, and perivascular lymphoid tissue 
compressing, infiltrating and effacing the 
structure of the adjacent alveoli. Often follicles 
line up beneath the pleura. The follicles are 
characterized by a central paler zone of 
lymphocytes (germinal center) rimmed by a zone 
of more densely packed lymphocytes (mantle 
zone). Adjacent alveoli are either compressed 
(atelectasis) or expanded by a mixture of 

homogenous eosinophilic fluid (edema) admixed 
with neutrophils, macrophages, lymphocytes and 
plasma cells, and few erythrocytes. Alveolar 
septa are expanded by lymphocytes and plasma 
cells. Bronchi and bronchioles often have 
attenuated (sometimes lost), cuboidal epithelium 
with loss of cilia. Lumina frequently contain 
sloughed epithelial cells admixed with 
degenerate inflammatory cells. There is mild 
edema of the interlobular septa with infiltration of 
low numbers of neutrophils, macrophages, 
lymphocytes and plasma cells.  
 
Immunohistochemistry 
CD3/CD20 - for lymphocyte characterization  
 
Contributor’s morphologic diagnosis: 
Lung: Pneumonia, bronchointerstitial, 
lymphohistiocytic, multifocal to coalescing, 
chronic, severe with marked lymphoid 
hyperplasia; Bronchopneumonia, catarrhalic, 
multifocal to coalescing, chronic, moderate. 
Fattening pig. Sus scrofa. 
 
Contributor’s comment: 
Enzootic pneumonia (EP) caused by Mycoplasma 
hyopneumoniae is a common chronic lung 
disease of pigs. EP is the most important lung 
disease in grower-finisher pigs worldwide and 
causes major economic losses to the pig industry. 
The course of the disease progresses over weeks 
with low mortality, but high morbidity (up to 
100%). Coughing, reduced weight gain and 
reduced feed conversion are the main clinical 

Lung, pig:  Large nodules composed of lymphocytes and 
histiocytes surround the airways, efface the submucosa, and 
impinge on the airway lumen. (HE, 70X) 
 
 
 
 
 
 
 

Lung, pig:  The lymphoid nodules efface the submucosa and the 
overlying mucosa is multifocally eroded. (HE, 300X) 
 
 
 
 
 
 



signs.1,5 Furthermore, the pathogen is a primary 
agent of the porcine respiratory disease complex 
(PRDC) interacting with other porcine pathogens 
(e.g. PRRSV, PCV2, Swine influenza virus, 
Pasteurella multocida, Actinobacillus 
pleuropneumoniae, Haemophilus parasuis, 
Bordetella bronchiseptica). Other influencing 
factors are housing conditions and management 
practices (like crowding, poor air quality, stress). 
The result is a more severe multifactorial 
disease.10  
 
Mycoplasma hyopneumoniae, like other 
mycoplasma species, is pleomorphic, lacks a cell 
membrane and has a small genome. Dams and 
piglets often serve as reservoirs. The most 
important way of transmission is horizontal. 
Vectors do not play an important role, but 
airborne transmission has been suspected.1,5,7 The 
incubation period is variable (1-6 weeks post 
infection) and the ciliated epithelium of the 
respiratory tract is the first target using different 
adhesins (e.g. P97, P102, P159). Mycoplasmas 
lack classical virulence factors like toxins, but 
they can use glycerol as a carbon source and the 
production of hydrogen peroxide can be 
triggered.7 
 
Lungs are affected cranioventrally along the 
bronchioles, showing purple to gray consolidated 
areas with atelectasis and a rubbery or thymus 
like texture of the parenchyma. 
Histopathologically, inflammatory infiltrates are 
centered around the airways and expand into the 
interstitium, with extensive lymphoid hyperplasia 
and increased number of alveolar macrophages. 
Additionally, goblet cell hyperplasia, bronchial 
gland hyperplasia, alveolar and interstitial edema, 

loss of ciliated cells, and epithelial hyperplasia 
can be detected.1,5 
 
Cell membrane proteins of Mycoplasma sp. are 
prone to serve as superantigens, leading to 
polyclonal lymphocyte proliferation.1 Immune 
evasion of the mycoplasmas and the immune 
response of the host are considered to be the main 
driver of pulmonary lesions in EP. Inflammation 
is triggered by different cytokines like IL-1, TNF, 
and IL-6 as well as by interactions of 
Mycoplasma adhesin molecules with the host’s 
plasminogen.7 

 
Immunohistochemically, lymphocytes in the 
affected tissue are composed of numerous follicle 
forming-B cells (CD20) and lower numbers of 
perifollicular T cells (CD3) (see figs.). This 
finding highlights the importance of the 
pathogen/immune system interaction for the 
pathogenesis of EP.  
 
In the presented case lymphoid hyperplasia is 
remarkable with extensive loss of respiratory 
epithelium and loss of normal tissue architecture, 
characterizing the chronicity of the infection. 
Hyperplasia is so marked, that it may even 
resemble lymphoid neoplasia histologically. It 
can be suspected that the animals were exposed 
to virulent strains of Mycoplasma 
hyopneumoniae for longer periods and that the 
vaccination protocol in this group (a significant 
number of animals showed similar lesions) did 
not sufficiently control the infection. 

Lung pig:  There is adventitial fibrosis of arteriolar walls.  (HE, 
200X). 
 
 
 
 
 
 

Lung, pig. T-cells populate the periphery of the lymphoid 
nodules. (anti CD-3, 40X).  Institut fuer Veterinaer-Pathologie, 
Justus-Liebig-Universitaet Giessen, Frankfurter Str. 96, 35392 
Giessen, Germany  http://www.uni-
giessen.de/cms/fbz/fb10/institute_klinikum/institute/pathologie 
 
 
 
 
 



Detection of Mycoplasma hyopneumoniae is 
possible by different established methods, 
including immunohistochemistry, in-situ 
hybridization or PCR. Due to the special growth 
requirements of the pathogen bacterial culture is 
not a useful method.6,7,10 In the presented case 
other relevant pathogens were excluded by PCR.  
 
Vaccination is able to reduce clinical signs and 
lung lesions, and thereby improves performance. 
A reduction of the number of infectious 
organisms on the respiratory epithelium can be 
observed.6,7 Different vaccination protocols exist 
depending on the type of herd, management and 
production system, and infection pattern. The 
most common strategy is single or two-dose 
application. The antigens of different pathogens 
often need to be combined to achieve the best 
beneficial effect of vaccinations.  
 
Nevertheless, there are still knowledge gaps, 
especially with regard to the interaction of 
Mycoplasma hyopneumoniae with the respiratory 
tract. Therefore, further research is necessary, for 
a better understanding, control and elimination of 
the pathogen. 
 
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/instit
ute/pathologie 
 
JPC diagnosis: 
Lung:  Pneumonia, bronchointerstitial, lympho-
histiocytic, diffuse, severe, with marked 
lymphoid hyperplasia. 
 
JPC comment: 
The contributor provides a good summary of 
enzootic pneumonia of swine. There are 
numerous adjuvanted, inactivated, whole-cell 
preparation vaccines used in swine-producing 
countries, and live-attenuated vaccines available 
in China and Mexico. Unfortunately, these 
vaccines do not provide complete protection, and 
further elucidation of M. hyopneumoniae’s 
pathogenesis and virulence factors may improve 
the effectiveness of new vaccines. Virulence 

factors such as surface lipoproteins, surface 
aminopeptidases, and hydrogen peroxide 
production have been investigated. More 
recently, the ability to evade host defenses has 
received increased attention. Gentamicin survival 
experiments performed on immortalized porcine 
alveolar macrophages (cell line PAM 3D4/21) 
which showed that very few M. hyopneumonia 
organisms are phagocytosed by alveolar 
macrophages as compared to a control E. coli 
strain, suggesting the ability to evade 
phagocytosis. Opsonization with anti-M. 
hyopneumoniae antibody did not promote 
increased phagocytosis, which may help explain 
the lack of efficacy of current vaccines.2 
 
While vaccines are used, the other arm of 
treatment of M. hyopneumoniae infection is 
antibiotic therapy. As with testing of any kind 
across multiple labs in different locations, 
worldwide antibiotic susceptibility testing is 
problematic. When testing is performed on 
different equipment (let alone different brand 
equipment), under different conditions, by 
different personnel, for different populations, the 
results are not necessarily transportable. In each 
testing in the distributed model, there may be 
effector modifiers, known or unknown, that can 
lead to variation in test results. When trying to 
apply a result to a new population, it is often not 
possible to know whether conditions are 
sufficiently similar as for the result to be valid in 
the new population.3 However, the MycoPath 
program in Europe aims to improve some aspects 
of transportability by performing antibiotic 

Lung, pig.  B-cells dominate the lymphoid nodules.  (anti CD-
20, 40X).  Institut fuer Veterinaer-Pathologie, Justus-Liebig-
Universitaet Giessen, Frankfurter Str. 96, 35392 Giessen, 
Germany http://www.uni-
giessen.de/cms/fbz/fb10/institute_klinikum/institute/pathologi
e) 
 
 
 
 
 
 



susceptibility testing of numerous strains of M. 
hyopneumonia and M. bovis in a single lab under 
controlled settings. In this testing program, 
strains of M. hyopneumoniae from Belgium, 
Spain, and the United Kingdom were collected 
from national laboratories and forwarded to the 
MycoPath central laboratory in Brussels, 
Belgium for testing. Appropriate caution should 
be used in the attempt to apply these results to 
new populations. However, one clear benefit of 
the testing highlighted the differences in MIC 
between M. hyopneumonia and M. bovis strains.4 
 
Similar to M. bovis, further elucidation of 
virulence factors will aid our understanding of 
these pathogens. Currently, it has been shown 
that M. hyopneumoniae are capable of entering 
and surviving within vesicle-like structures in 
endothelial cells of the respiratory tract. They 
make contact with fibronectin and integrin B1 
receptors on the epithelial cell surface and are 
engulfed and enter the cell through clathrin-
coated pits and caveolae-mediated endocytosis. 
Within the cell, this diminutive bacterium then 
induces cytoskeleton rearrangements within 
epithelial cells, causing significant pathology to 
the respiratory tract.9 
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WSC 2020-2021 Self-assessment. 
Conference 1.   

 

1.  Which of the following is NOT a syndrome associated with Mycoplasma bovis? 
a. Encephalitis 
b. Otitis media 
c. Arthritis/tenosynovitis 
d. Mastitis 

 
2. Which of the following is an effect of Mycoplasma ovis-associated stimulation of neutrophils? 

a. Increased production of reactive oxygen species 
b. Apoptosis 
c. Toxic granulation 
d. Impairment of neutrophil net production 

 
3. Production of which of the following is characteristic of extraintestinal pathogenic E. coli  

(ExPEc) species? 
a. VapA 
b. Cytotoxic necrotizing factor 
c. VpmaX protein 
d. Lethal and edema factors 

 
4. Which of the following methods for diagnosis Glaesserella parasuis is considered the least 

consistent and accurate? 
a. Serology 
b. Culture 
c. PCR 
d. Histopathology 

 
5. Superantigens found in the cell membrane of Myoplasma hyopneumoniae result in what? 

a. Lysis of inflammatory cells 
b. Elastolysis within the bronchiolar wall 
c. Necrosis of airway epithelium 
d. Polyclonal lymphoid proliferation 
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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 1: S17/4906 (4116732-00) 
 
Signalment: 4.75Y, female, Montbéliarde, Bos 
taurus, bovine 
 
History: On a dairy farm in the canton of Jura in 
northwestern Switzerland, four cows presented 
with a history of persistent fever over several 
days. Two to three weeks prior, another cow from 
the same farm suddenly died without noticeable 
premortal symptoms. A field necropsy conducted 
on this cow revealed nodular hemorrhagic lesions 
in the lungs, which tested positive for Bacillus 
anthracis. The four cows with fever repeatedly 
tested negative for B. anthracis via blood culture. 
Three of these four cows spontaneously 
recovered; the fourth cow showed signs of an 
incipient abortion and was treated once with 
penicillin. The next day, the veterinary authorities 
decided to submit the cow for necropsy to 
elucidate the cause of this nonspecific feverish 
illness. Sixteen hours after treatment, the cow 
was transported alive to the pathology laboratory 
for diagnostic testing, euthanasia, and necropsy 
under special biosafety measures. 
 
Gross Pathology: A small amount of red-tinged, 
viscous vaginal discharge was present. Further 
examination demonstrated marked subcutaneous 
edema of the ventral abdomen, in addition to 
significant enlargement of the iliac lymph nodes. 
Examination of the uterus yielded an edematous, 

expired fetus in blood-tinged amniotic fluid. The 
placentomes were moderately hemorrhagic and 
friable and the placenta was easily detachable. 
The remainder of the necropsy, including the 
spleen, was grossly unremarkable. 
 
Laboratory results: Giemsa-stained smears and 
bacterial cultures from blood, spleen, liver and 
kidney were negative, but antibiotic residues 
were identified. B. anthracis was isolated 
culturally in large and small amounts from 
placenta and iliac lymph node, respectively. The 
presence of B. anthracis in placental tissue and 
iliac lymph node was confirmed with a gamma-
phage lysis assay and PCR specific for B. 
anthracis.  
 
Microscopic description: Uterus, placentome:  
The placentomal tissue shows diffuse and 
extensive acute hemorrhage and coagulative 
necrosis affecting both fetal cotyledonary and 
maternal caruncular parts. Remaining epithelial 
cells are commonly swollen and pale (hydropic 
degeneration). The tissue is multifocally 
infiltrated by moderate to large numbers of 
mostly degenerated neutrophils. Within the 
necrosis and hemorrhage, there are numerous 
long, pale basophilic bacilli evident, often 
arranged in heaps. The transition zone to the 
endometrium is heavily infiltrated by 
degenerated neutrophils. Vessels in this area as 
well as in the subjacent endometrium exhibit 



fibrinoid necrosis and neutrophilic infiltration of 
their wall, associated with perivascular fibrin 
leakage. The endometrium presents with a 
massive edema in the lamina propria. Lymph 
vessels are severely dilated, show loss of 
endothelial cells, and contain few degenerated 
neutrophils within their lumina. The endometrial 
interstitium and the endometrial glands are 
multifocally infiltrated by numerous mostly 
degenerated neutrophils. 

Gram stain (not submitted): The bacilli are gram-
positive. 
 
Iliac lymph node (not submitted): The lymphatic 
tissue and the adjacent perinodal fatty tissue 
shows extensive necrosis and infiltration with 
degenerated neutrophils, associated with 
extensive edema and fibrinoid vasculitis. In 
contrast to the placentome tissue, only few gram-
positive rod-shaped bacteria are evident. 
 
Liver (not submitted): Multifocal randomly 
distributed small foci of necrosis and neutrophilic 
infiltration are evident, consistent with an 
embolic hepatitis. 
 
Contributor’s morphologic diagnosis: 
Uterus: Endometritis and placentitis, 
hemorrhagic, necrotizing and suppurative, 
severe, diffuse, acute, with fibrinoid vasculitis, 
severe edema and numerous bacilli. 
 
Contributor’s comment: The postmortem and 
histological findings in combination with the 
laboratory results are compatible with a localized, 
non-septicemic form of anthrax. This worldwide 
occurring zoonotic and usually fatal disease is 
caused by the Gram-positive, large rod-shaped, 
spore-forming bacterium Bacillus anthracis.2,4-5,9-

10 The vegetative form of B. anthracis is almost 
exclusively found in vital tissues of warm-
blooded animals because of its need for a low 
oxygen pressure.11 Outside a host, B. anthracis 
forms non-proliferating endospores, which can 
persist in the environment for decades and are 

Placentome and uterus, ox.  There is diffuse severe 
hemorrhage of the placentome (top) with severe edema of 
the transitional zone and endometrium (bottom).  (HE, 5X) 

Placentome, ox.  There is diffuse congestion and 
hemorrhage of the placentome with necrosis of epithelium 
and trophoblasts and infiltration of numerous viable and 
necrotic neutrophils primarily within fetal cotyledonary 
tissue.  There is extensive polymerization of fibrin within 
the interstitium of caruncular tissue. (HE, 257X) 



resilient to ultraviolet radiation, dehydration, and 
temperature extremes, in addition to many 
methods of disinfection, save for oxidizing 
agents.2,10 Nevertheless, in oscillating periods of 
precipitation, endospores may germinate 
spontaneously into vegetative forms and may 
proliferate in the environment to a limited 
extent.10 According to the Centers for Disease 
Control and Prevention, B. anthracis endospores 
are commonly found in the soil of agricultural 
regions of Central and South America, sub-
Saharan Africa, central and southwestern Asia, 
southern and eastern Europe, and the Caribbean.2  
Ruminants are highly susceptible to the disease 
and are usually infected upon grazing endospore-
laden pastures. The ingestion of endospores 
typically causes a peracute, massive bacteremia 
only a few hours before death.10-11 In more 
resistant species, such as horses, swine, and 
carnivores, the disease is decelerated and the 
infection is usually localized to the area of 
endospore entry, which is most likely the 
gastrointestinal tract 11. Less frequently, the 
localized form may also be seen in ruminants, 
manifesting as enteric or pulmonary anthrax.11 In 
non-septicemic anthrax, death is usually a 
sequela to the extensive tissue damage caused by 
bacterial exotoxins.10-11 
 
In humans, most common form is cutaneous 
anthrax acquired by endospore-contaminated 
wounds.11 Occasional cases of the alimentary 
form occur after consumption of contaminated 
and poorly cooked meat. In earlier times, the third 
form, pulmonary anthrax, was a frequent human 
disease especially affecting workers of lane-
processing and tanning industries, where 

bacterial endospores easily aerosolized from 
contaminated skins and wool.10-11  

 
The mechanism by which B. anthracis invade 
tissues and lymph vessels is poorly understood, 
but abrasions or wounds in skin and mucosae as 
a prerequisite have been proposed. 2,4-5,9-10 In the 
enteric form, spores and/or vegetative forms are 
able to evade gastric acidity and reach the 
intestine by means of peristalsis.10 Germination of 
endospores likely occurs either in the mucus layer 
of the mucosa or within Peyer’s patches after 
phagocytosis by M cells.4-5,10  

 
The two principal virulence factors of B. 
anthracis are the polypeptide capsule to evade 
phagocytosis and the toxin complex causing cell 
lysis. The latter being an A-B-class toxin consists 
of the three proteins protective antigen (PA), 
edema factor (EF), and lethal factor (LF).9-11 PA 
binds to receptors on the host cell surface, where 
it is activated by cleaving. Heptamers of activated 
PA form pores with competitive binding sites for 
either EF or LF. PA-EF (edema toxin) or PA-LF 
(lethal toxin) complexes are internalized by 
endocytosis, followed by release of EF and LF 
into the cytoplasm.6 EF is an adenylate cyclase 
causing edema by disturbance of water and ion 
exchange. LF is a protease causing cell death by 
interruption of the MAP kinase pathway.4-5,10-11 

 
The typical gross findings of ruminants 
succumbed to septicemic anthrax comprise rapid 
autolysis, hemorrhagic discharge from orifices, 
and an enlarged, dark red, friable spleen.5,10 
Histologically, inflammation is usually absent, as 
animals typically succumb quickly within hours 
of development of acute bacteremia.5,10 In 

Placentome, ox. Within areas of hemorrhage and necrosis, 
haphazard arrays of numerous filamentous bacilli are 
present. (HE, 327X) 

Placentome, ox.  There is hemorrhage and necrosis of the 
placentome at top, and, infiltration of large number of 
neutrophils in the transitional zone (middle), and 
thrombosis of endometrial veins (bottom).  (HE, 40X) 



alimentary anthrax, gross lesions include 
segmental to diffuse hemorrhagic enteritis with 
transmural edema and hemorrhage. Mesenteric 
lymph nodes may also be enlarged, edematous, 
and hemorrhagic.5,9 Pulmonary anthrax is 
characterized by hemorrhagic consolidation of 
portions of the lungs, associated with interstitial 
and mediastinal edema and mediastinal 
hemorrhagic lymphadenitis.9 Infected carnivores, 
horses and swine most commonly present with 
extensive edema, hemorrhage and swelling in the 
oropharyngeal region and the neck, or suffer from 
the enteric form.9 In histology, localized 
infections exhibit extensive necrosis, edema and 
hemorrhage associated with fibrinoid vasculitis 
and the presence of variable numbers of bacilli.9 
  
Abortion as a sequela to anthrax infection may 
occur as in other illnesses with fever. The 
presence of B. anthracis in bovine abortion 
material, however, has been described only once.3 
In the present case, an initial nonlethal bacteremia 
that resolved spontaneously is suspected to have 
spread to the placenta, which consequently 
harbored a local bacterial proliferation and 
ultimately termination of the fetus. Here, the 
concurrent necrotizing iliac lymphadenitis is 
consistent with the spread of bacteria to the 
regional lymph nodes. 

 
The conduction of necropsies on animals with a 
suspicion of anthrax should be avoided unless 
special biosafety infrastructure is available to 
prevent personnel and environmental 
contamination. In suspicious cases, blood and all 
sorts of discharge from body orifices should be 
tested with sensitive methods, such as culture and 
PCR, for the presence of B. anthracis before 

opening the carcass, bearing in mind that they 
may be false negative due to lack of septicemia or 
antibiotic treatment.1,7 Thus, it is important to still 
consider anthrax as a differential in cases of 
necrohemorrhagic enteritis, pharyngitis, 
lymphadenitis, or red-tinged discharge from body 
orifices despite negative blood cultures.  
 
Contributing Institution: 
Institute of Animal Pathology 
Vetsuisse Faculty, University of Bern 
122 Laenggassstrasse 
P.O.B. 
3001-CH Bern 
Switzerland 
 
JPC diagnosis: 
Uterus and placenta: Placentitis, necro-
hemorrhagic and suppurative, diffuse, severe, 
with placental vasculitis, edema, mild 
suppurative endometritis, and numerous 
extracellular bacilli, Montbéliarde, bovine. 
 
JPC comment: The contributor provided a 
concise and comprehensive review of the clinical 
and pathologic features of this entity. In addition, 
B. anthracis is an illustrious member of the Select 
Agents and Toxins List under the U.S. Federal 
Select Agent Program (7CFR Part 331, 9 CFR 
Part 121, and 42 CFR Part 73), administered 
jointly by the U.S. Department of Health and 
Human Services, the U.S. Department of 
Agriculture, and the Center for Disease Control 

Endometrium, ox.  The endometrium is diffusely edematous 
and endometrial glands contain numerous viable and 
necrotic neutrophils (HE, 155X) 

Placentome, ox.  A Giemsa stain demonstrates sheaves of 
bacilli scattered throughout the necrotic debris.  (Giemsa, 
200X) 

 



and Prevention. In fact, B. anthracis is 
categorized as a Tier 1 agent, along with Ebola 
virus, smallpox virus, Yersinia pestis, and others. 
This categorization necessitates additional 
considerations with respect to research 
circumstances (facility registration, control, 
disposal, etc), but diagnostic labs are largely 
exempt from these requirements. If a specimen is 
presented, and is diagnosed with a select agent, 
the facility is expected to: 1) officially transfer the 
specimen, or destroy the specimen on-site by a 
recognized sterilization or inactivation process 
within 7 days, 2) until transfer or destruction, the 
agent or toxin is secured against theft, loss, or 
release, 3) original specimens containing the 
select agent or toxin are transferred or destroyed 
within 7 days, and 4) the identification of the 
select agent or toxin is reported to USDA APHIS 
or CDC. 
 
The main FDA approved vaccine (Biothrax), is 
made from cell-free filtrates of microaerophilic 
cultures of an avirulent, nonencapsulated strain of 
B. anthracis. CDC currently recommends 
vaccination of certain laboratory workers who 
work with Bacillus anthracis, people who handle 
potentially infected animals or their carcasses, 
some military personnel, and some emergency 
and other responders whose response may lead to 
exposure. Additional research continues, and 
Protective Antigen domain 4 and the combination 
of nanoparticles and bacteriophage T4 have been 
recent targets for vaccine development.8,12 
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CASE 2: 17-0036 (4101204-00) 
 
Signalment: 2-month-old male guinea pig 
(Cavia porcellus).   
 
History: This animal had been received from a 
commercial supplier several weeks previously 
and was experimentally unmanipulated. It had 
been clinically normal, though generally nervous 
and skittish until that morning, when it was found 
recumbent, semi-moribund and in severe 



 distress, with possible pain when the abdomen 
was palpated. It expired spontaneously shortly 
before the planned sacrifice and necropsy. 
 
Gross Pathology: The perineum was soiled, and 
cecum and large intestines were moderately 
distended with greenish soft to liquid feces. 
 
Laboratory results: Fecal culture for enteric 
pathogens was negative. Fecal examination for 
Cryptosporidium and Eimeria were negative. 
PCR for C. difficile toxin was negative. 
 
Microscopic description: Full thickness pieces 
of cecum and colon are examined. There is a 
patchy to near diffuse (depending on section) 
acute necrotizing and ulcerative process present, 
involving primarily superficial mucosal regions, 
including enterocyte degeneration & exfoliation 
along with a florid granulocytic infiltrate. 
Inflammation extends into deeper mucosal 
regions in many areas as well.  Admixed with 
superficial epithelial and luminal necrotic debris, 
but also seen extending into deeper mucosal 
regions are numerous protozoan organisms. 
These are consistent morphologically with both 
cyst and trophozoites forms of Entamoeba. 
Erythrophagocytosis is frequently present within 
trophozoites structures (abundance of red cell 
ingestion not evident in all sections). 
 
 
 

Contributor’s morphologic diagnosis: 
Typhlocolitis, necrotizing and ulcerative, acute, 
patchy to diffuse, marked, with numerous 
surfaces and more deeply invasive protozoal 
organisms consistent with Entamoeba sp. 
(Observed both in tissue section and on wet 
mount fecal smears). 
 
Contributor’s comment: Entamoeba infection 
and disease (amoebiasis) in mammalian species 
primarily affects humans and other primates and 
is generally associated with Entamoeba 
histolytica. Other mammals such as cats and dogs 
can occasionally be spontaneously infected with 
this organism although clinical disease is rare. 
Amoebiasis in reptiles, typically associated with 
Entamoeba invadens is well recognized, being 
commonly reported in snakes and lizards. In 
search of animal models of disease, rats, mice, 
guinea pigs, and rabbits have been 
experimentally infected, typically by injecting 
large numbers of trophozoites directly into the 
lower bowel per annuum, or surgically 
introducing them into the cecum.5 However, 
rodents appear to be naturally resistant to 
infection, the cellular and molecular basis of such 
immunity not being completely understood.4 
 
Innate Entamoeba species have been identified in 
a variety of rodents and are generally considered 
to be commensal inhabitants of the cecum; 
Entamoeba muris is well described in rats, mice 
and golden hamsters.2 

 

Cecum, colon:  The perineum is soiled, and the cecum and 
large intestine are filled with green soft feces.  (Photo 
courtesy of the Division of Laboratory Animal Resources, 
University of Pittsburgh, www.dlar.pitt.edu) 

Fecal wet mount:  Trophozoites of Entamoeba sp.  
identifiable by a ring of coarse granules inside the cell 
membrane.  (Photo courtesy of the Division of Laboratory 
Animal Resources, University of Pittsburgh, 
www.dlar.pitt.edu) 



Entamoeba cobayae was described in guinea pigs 
by Walker in 1908, although this is now 
considered synonymous with the more 
commonly designated E. caviae.3 Indeed E. 
caviae is known to be a common inhabitant of the 
laboratory guinea pig and is widely considered to 
be non-pathogenic.6 
 
In earlier days, Entamoeba were identified and 
classified on the microscopic basis of nuclear 
structure of trophozoites and cysts found in stool 
preparations.3  The basis for such identifications 
depended greatly on the skill and expertise of the 
microscopist and previously, no means were 
available to confirm results other than 
reexamination of the sample by a more 
experienced microscopist. Furthermore, 
morphologically identical species or genetic 
variants could not be distinguished solely on this 
basis.14  Apart from size, number and appearance 
of the nuclei, chromatoid bar appearance and 
several other features, there are few criteria to 
differentiate between organisms and the use of 
minor morphological differences to separate 
species may turn out to be not reliable.7 A case in 
point involves Entamoeba dispar; a separate but 
non-invasive and non-pathogenic Entamoeba 
species in humans which is microscopically 
indistinguishable from E. histolytica and does not 
require treatment.7,13  
 
Examination of fecal wet mounts in this case 
revealed abundant trophozoites structures 

compatible with Entamoeba generally measuring 
between ~20 – 26 µm in diameter, with nuclei 
~5.0 – 6.2 µm possessing a ring of coarse 
peripheral granules inside the nuclear 
membrane.  Cysts were present, though rare, 
measuring ~20 µm in diameter. Trichrome 
staining is pending to try and identify the number 
of nuclei present, as this can be an important 
consideration in distinguishing between 
pathogenic and non-pathogenic types of the 
organism.2 
   
Alternative means of identification beyond 
morphology include isoenzymatic methods, 
immunological analysis (both antibody and 
antigen detection) and molecular diagnostics 
(both conventional and Real-time PCR).9 
Certainly the majority of molecular diagnostic 
tests available focus on distinguishing E. 
histolytica, E. dispar and other non-pathogenic 
species known in humans.  
 
Initial PCR fecal testing on this animal was 
negative for E. histolytica, E. dispar and E. 
moshkovskii), ruling these organisms out as 
etiologic considerations (though they were not 
thought to be likely agents based on historical 
knowledge of their host range). Additional frozen 
samples from the case were submitted to a 
laboratory for DNA sequencing. Results 
indicated that the organism appears to be an 
uncharacterized species of Entamoeba that is 

Cecum, colon:  Multiple sections of cecum and colon are 
submitted for examination. (HE, 7X) 

Cecum, colon: There is segmental necrosis of the 
superficial mucosa.  (left).  There is a fibrinonecrotic 
membrane overlying areas of necrosis (top right) and 
within areas of necrosis and in the overlying fibrino-
necrotic membrane there are numerous trophozoites of 
Entamoeba histolytica. (HE, 40-400X) (Photo courtesy of 
the Division of Laboratory Animal Resources, University of 
Pittsburgh, www.dlar.pitt.edu) 



most closely related to Entamoeba coli, with 
~97% homology. Unfortunately, Entamoeba 
caviae does not have sequence data available in 
GenBank and therefore could not be completely 
excluded based on known genomic standards. 
 
The possibility that the primary necrotizing 
enteric disease present in this case was of another 
etiology and that the amoebic organisms present 
had proliferated in response to this was 
considered, but thought less likely due to 1) the 
presence of deep invasion of organisms into the 
mucosa, 2) the negative culture and PCR results 
for other known causes of typhlocolitis in Guinea 
Pigs and 3) the lack of morphological evidence of 
other etiologic agents such C. piliforme via 
special stains.  Another indirect consideration 
suggesting a primary Entamoeba pathogenesis in 
this case is the high degree of 
erythrophagocytosis noted in section. Phagocytic 
activity by pathogenic Entamoeba trophozoites 
(including E. histolytica) has been accepted as a 
qualitative pathogenicity factor and one 
associated with virulence mechanisms 
responsible for invasive capacity.10 
 
In summary, despite the lack of substantial 
similar reports in the literature, this case of 
necrotizing typhlocolitis was considered likely of 
a primary Entamoeba etiology, although other 
infectious cofactors could not be completely 
excluded. The exact species of Entamoeba 
involved was undetermined, as was the reason for 
the susceptibility of this animal to infection.  
 
 

Contributing Institution: 
Division of Laboratory Animal Resources 
University of Pittsburgh 
www.dlar.pitt.edu 
 
JPC diagnosis: 
Colon: Colitis, necrotizing, multifocal, moderate, 
with moderate numbers of extracellular amoebic 
trophozoites, guinea pig, rodent. 
 
JPC comment: 
The contributor highlights important background 
information for this entity, as well as obstacles 
sometimes encountered in veterinary medicine. 
As computational pathology matures as a field, 
we expect diagnostic capabilities to increase 
dramatically. Perhaps sequences for E. caviae 
will be available in the near future. 
 
In humans and non-human primates (NHP), the 
primary sites of dissemination are the liver (via 
the portal circulation), and less commonly, the 
lung and brain. Fatal amebiasis with abscess 
formation has been reported in multiple primate 
species.8 
 
The pathogenesis of tissue damage caused by 
amebae species are: 
 

1. Adhesion to mucus by lectins 
2. Enzymatic breakdown of protective 

mucus 
3. Lectin-mediated adherence to host 

epithelium 
 
E. histolytica releases cysteine proteases that 
cause damage to mucosal epithelium and attract 
inflammatory cells, both of which lead to 
characteristic ulcerative colitis with flask-shaped 
ulcers. Microscopically, amebae are surrounded 
by a clear halo with extensive pseudopodia and 
possess a nucleus with a dark karyosome and 
peripheral chromatin clumps. The cytoplasm 
appears foamy and they frequently phagocytize 
erythrocytes, which makes them difficult to 
distinguish from activated macrophages. Their 
cytoplasm often contains glycogen, making 
amebae PAS positive.13 
 
Amoebae continue to be important zoonotic 
pathogens of concern, and have been found in 

Cecum, colon:  Numerous trophozoites of Entamoeba sp. 
contain fragments of ingested erythrocytes. (HE, 400X) 
(Photo courtesy of the Division of Laboratory Animal 
Resources, University of Pittsburgh, www.dlar.pitt.edu) 



wild and captive prosimians, apes (Balamuthia 
mandrillaris, E. histolytica, E. dispar, 
Dientamoeba fragilis, and other members of 
Entamoeba spp, Dientamoeba spp, and 
Iodoamoeba sp.), reptiles (E. invadens), 
amphibians (E. ranarum), and domestic pigs (D. 
fragilis). Interestingly, given its aquatic 
environment, captive tapir in South America have 
developed necrosuppurative meningo-
encephalitis from infection by Naegleria 
fowleri.12 This amoeba is often known as the 
“brain-eating amoeba” and infects humans by 
extension from nasal passages and through the 
cribriform plate, causing primary amebic 
meningoencephalitis (PAM). Death is acute, and 
little inflammation develops.15 
 
Recent molecular investigations have elucidated 
the variety of Entamoeba species that infect 
humans and nonhuman primates. Leveraging 
current techniques using monoclonal antibodies, 
DNA hybridization, SSU-rDNA restriction 

fragment length polymorphism, and DNA 
sequencing, a distinct species infecting 
nonhuman primates was isolated from previously 
presumed E. histolytica cases and named 
Entamoeba nuttalli. In total, there are six named 
Entamoeba species that infect nonhuman 
primates (E. coli, E. polecki, E. histolytica, E. 
nuttalli, E. dispar, and E. hartmanni), as well as 
four that are not yet named, but identified by 
unique gene sequences (Entamoeba RL3, RL6, 
RL7, and CL8).1,11 
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identi!ed by morphology, but only if cyst diameters are measured; often this is either not the
case or the information is not given. As a result, only studies employing sequence-based
identi!cation will be discussed below. We recognise that this excludes the vast majority of
studies, but if the data are not interpretable we feel that they are better omitted.

Molecular studies in wild NHPs published to date (Table 2) are few in number, mostly involve Old
World NHPs, and vary in the methodology used. In some studies, species-speci!c PCR has
been used, but often not all known species were tested for, despite primers being available,
leaving gaps in the data (see ‘Notes’ in Table 2). When species-speci!c PCR has been used,
this often means that subtypes were not identi!ed, and potentially interesting data on sequence
variation and host range have been lost. Several studies did not test for E. hartmanni, leading to
a false impression of the distribution of this Entamoeba species in NHPs. It is notable that E.
histolytica was not detected in any of these studies.

The use of only species-speci!c primers can mean that novel Entamoeba species are missed.
For example, if Villanueva-García et al. [39] had used species-speci!c primers for Entamoeba,
the two novel Entamoeba species found in Howler monkeys (CL8 and RL6) would not have

Table 1. Correspondence between Historic, Binomial, and Sequence-based Nomenclature for Entamoeba Species in Primates

Dobell nomenclaturea Current species names Identi!ed in primates (incl. humans) Molecular identi!cation in NHPs

E. histolytica E. histolytica E. histolytica Yb

E. dispar E. dispar Y

E. hartmanni E. hartmanni Y

E. nuttalli E. nuttalli Y

E. moshkovskii E. moshkovskii (complex) N

E. polecki E. polecki ST1c N

E. polecki ST4 Y

E. chattoni E. polecki ST2 Y

E. struthionis E. polecki ST3 N

E. bangladeshi E. bangladeshi N

E. suis E. suis Yb

E. coli E. coli E. coli ST1 Yb

E. coli ST2 Y

E. gingivalis E. gingivalis E. gingivalis ribodeme 1d N

E. gingivalis ribodeme 2 N

None Entamoeba RL3e Y

Entamoeba RL6 Y

Entamoeba RL7 Y

Entamoeba CL8f Y

aDobell's nomenclature is that proposed in his 1919 monograph [3].
bIdenti!ed in captive NHPs only, to date.
cSubtypes (ST) are distinct small-subunit ribosomal DNA sequence variants that clearly fall within a named species.
dRibodemes are small-subunit ribosomal DNA variants detected by restriction enzymes.
eRibosomal (RL) [14] lineages indicate complete mall-subunit ribosomal DNA sequences that are clearly distinct from all named species.
fConditional (CL) [34] lineages indicate partial small-subunit ribosomal DNA sequences that are clearly distinct from all named species.
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CASE 3: 15-2890 (1-4) (4084553-00) 
 
Signalment: Twelve-month-old, intact female 
NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG) mouse, 
Mus musculus. 
 
History: The animal was part of a cohort of NSG 
retired breeders experimentally infested with 
Syphacia obvelata. Health records indicated that 
the animal was clinically normal for 4-6 months 
post-infection. Subsequently, decreased appetite 
and marked weight loss were noted, along with 
lethargy and dehydration. The animal was 
euthanized and submitted for necropsy. 
 
Gross Pathology: The uterine horns were 
diffusely thickened and slightly dilated and 
measured 5 to 6 mm in diameter. Upon opening, 
the uterine lumen was partially filled with a 
moderate amount of clear yellow viscous 
material. 
 

Uterus, mouse. Sections of uterus are presented for 
examination.  The uterus (right) is largely effaced by a 
multicystic neoplasm, and a large mural polyp expands the 
uterine lumen (left). (HE, 5X) 



Laboratory results: A swab of the uterine 
mucoid content was submitted for aerobic and 
anaerobic cultures, and no bacteria were isolated 
upon microbiology. 
 
Microscopic description: 
Uterus. Multifocally infiltrating the endometrium 
and subjacent myometrium and filling the lumen, 
there is a poorly demarcated, unencapsulated, 
scarcely cellular epithelial neoplasm composed 
of acini lined by a simple columnar epithelium, 
nests and ribbons. The cells are associated with 
an abundant extracellular eosinophilic hyaline 
material. Cells are cuboidal and polygonal, with 
distinct borders and a moderate amount of 
amphophilic and occasionally vacuolated 
cytoplasm. Nuclei are round to oval, with finely 
granular to vesicular chromatin and one or 
multiple prominent magenta nucleoli. There is 
moderate anisocytosis and anisokaryosis. The 
mitotic index is 15 (mitoses per 10 high power 
fields 40x). Scattered throughout the neoplasm, 
there are multifocal areas of coagulative necrosis 
and hemorrhages. In the adjacent section of more 
preserved uterus, there is moderate multifocal 
cystic dilation of endometrial glands, without 
increased mitotic activity of evidence of 

proliferative changes of the epithelium. There is 
also a focal endometrial polyp composed of 
fibrovascular stroma without glands and 
infiltrated by a small numbers of hemosiderin 
laden macrophages. The surface of the polyp is 
lined by a simple columnar epithelium, with focal 
ulceration associated with a neutrophilic and 
fibrinous exudate. 
 
Special stains (Periodic acid–Schiff, Masson’s 
trichrome and Congo red stains): The hyaline 
ground substance is negative for Congo red and 
positive for PAS. This material also stained blue 
with Masson’s trichrome. Additionally, the 
neoplastic cells occasionally contain PAS-
positive intracytoplasmic granules. 
 
Immunohistochemical stain (laminin): 
The hyaline ground substance is positive for 
laminin. Additionally, the neoplastic cells 
exhibited strong cytoplasmic positivity. 
 
Contributor’s morphologic diagnosis: 
Uterus: Yolk sac carcinoma, parietal.  
Uterus: Endometrial glandular cystic dilation, 
multifocal, moderate.  
Uterus: Endometrial stromal polyp. 

Uterus, mouse. Except for a thin rim of normal stroma covered by mildly hyperplastic endometrial epithelium (left), the 
endometrial stroma is replaced by a neoplasm composed of nests of polygonal epithelium surrounded and separated by 
abundant brightly eosinophilic protein matrix.  Nests of neoplastic cells are separated by endometrial stroma.  (HE, 84X) 



 
Contributor’s comment: Yolk sac carcinomas, 
also known as malignant tumors of the 
endodermal sinus, represent a rare spontaneous 
neoplastic variant of germ cell tumors3 and have 
been previously reported in experimentally 
manipulated or control rodents.1,5,9,17,18 
Spontaneous yolk sac carcinomas may be more 
commonly seen in BDII/Han rats,3 and have been 
found at the level of the reproductive system both 
in the ovaries and the uterus. Eight cases of 
primary uterine yolk sac carcinomas have been 
described in mice.18 Yolk sac carcinomas can be 
also experimentally induced in both rats and mice 
through implantation of an extraembryonic 
tissues or whole egg,10,15 or through 
intraperitoneal injection of neoplastic ascitic 
fluid.10 Their spontaneous occurrence in the testis 
has been reported in the SD rat and in a Swiss 
albino mouse.2,6 
 
In humans, primary yolk sac tumors of the 
endometrium are extremely rare.7 Only nine cases 
have been reported in the literature, among which 
seven cases are pure yolk sac tumors and only two 
cases are in coexistence with endometrial 
carcinoma.11,12 On the contrary, they are mostly 
discovered in the gonadal tissues infants and 
adolescents (median age, 19 years), although 
10% to 15% of the cases may arise in a variety of 
midline extragonadal sites with an axial 
distribution pattern.13 Yolk sacs of rodents and 
humans display several morphologic differences 
which give rise to the peculiar appearance of 
those tumors in the two species.18 Diagnostic 
feature of yolk sac carcinomas in humans include 

Schiller-Duval bodies and hyaline globules that 
stained positively for alpha fetoprotein.  
 
In rodents, both spontaneous and induced yolk 
sac tumors have histologic patterns mimicking 
one or two layers of fetal membranes which are 
represented by the parietal and the visceral yolk 
sac. It has been reported that inducible yolk sac 
carcinoma is composed of endodermal cells and 
contains mesenchymal, trophoblastic and 
mesodermal cells.17 
 
Parietal yolk sac tumor cells produce an 
abundant, eosinophilic, PAS-positive matrix in 
which nests and cords of neoplastic cells are 
embedded. The neoplastic cells often form 
rosettes, cords or papillary structures, and 
intracytoplasmic PAS-positive granules are also 
present.3,9,18 Visceral yolk sac tumor cells are 
large, cylindrical, lack of PAS-positive droplets 
and are positive for alpha fetoprotein.3,6,14 

 
The hyaline ground substance characteristic of 
parietal yolk sac tumors is reminiscent of 
Reichert’s membrane, a basement membrane that 
separates the visceral and parietal layers of the 
rodent yolk sac.9 Reichert’s membrane is a 
specialized basement membrane that is not 

Uterus, mouse. The hyaline ground substance is negative 
for Congo red and positive for PAS. This material also 
stained blue with Masson’s trichrome. Additionally, the 
neoplastic cells occasionally contained PAS-positive 
intracytoplasmic granules.  (Masson’s trichrome, 100X).  
(Photo courtesy of: Laboratory of Comparative Pathology, 
Hospital for Special Surgery, Memorial Sloan Kettering 
Cancer Center, The Rockefeller University, Weill Cornell 
Medicine, https://www.mskcc.org/research-
areas/programs-centers/comparative-medicine-pathology) 

Uterus, mouse.  Higher magnification of nests of polygonal, 
often columnar neoplastic epithelial cells surrounded by 
their eosinophilic protein secretions.  Neoplastic cells 
engulfed by this matrix are often necrotic.  (HE, 200X) 



present in the human placenta. It surrounds the 
embryo, connects trophoblast cell layer on the 
maternal side and the parietal endodermal cells 
on the embryonic side, and passively filters 
nutrients; therefore, proper functioning of 
Reichert’s membrane plays a crucial role in 
normal embryo development. Several methods 
have been reported to better characterize this 
hyaline substance, including silver impregnation, 
mucicarmine, PAS, PTAH, and staining for 
collagen.17 Both the neoplastic cells and the 
matrix stain positive for laminin,3,14,18 as 
documented here. 
 
Presenting clinical signs in affected rodents 
include abdominal distension, ascites, and 
intraabdominal palpable masses. Metastatic 
spread of yolk sac carcinomas has been reported 
both in mice and rats, with neoplastic foci 
detected at the level of the peritoneal cavity, 
mediastinum and lungs.8,18 In the present case, no 
metastatic spread was evidenced in any of the 
organ examined.  
 
The pathogenesis of these tumors remains poorly 
understood, as yolk sac tumors have been 
reported both in virgin animals,8,18 and in animals 
that have been mated.10 In the present case, the 
mouse was a retired breeder with a long term 
history of pregnancies and parturitions; however, 

the animal has not been mated since 6 months 
prior. 
 
Contributing Institution: 
Laboratory of Comparative Pathology 
Hospital for Special Surgery 
Memorial Sloan Kettering Cancer Center 
The Rockefeller University, Weill Cornell 
Medicine 
 
https://www.mskcc.org/research-
areas/programs-centers/comparative-medicine-
pathology 
 
 
JPC diagnosis: 

1. Uterus: Yolk sac carcinoma, mouse, 
rodent.  

2. Uterus: Endometrial stromal polyp. 
3. Uterus, endometrium: Cystic 

endometrial hyperplasia, diffuse, mild. 
 

JPC comment: The contributor succinctly 
summarized the current knowledge about yolk 
sac carcinomas. This is a rare diagnosis to make, 
and much more commonly diagnosed in young 
human boys. 
 

Uterus, mouse. The hyaline ground substance is positive for 
laminin. Additionally, the neoplastic cells exhibited strong 
cytoplasmic positivity.(anti-laminin, 100X).  (Photo 
courtesy of: Laboratory of Comparative Pathology, 
Hospital for Special Surgery, Memorial Sloan Kettering 
Cancer Center, The Rockefeller University, Weill Cornell 
Medicine, https://www.mskcc.org/research-
areas/programs-centers/comparative-medicine-pathology) 

Uterus, mouse.  A large elliptical polyp projects into the 
lumen. The tip of the polyp is necrotic and hemorrhagic.  
There is diffuse mild cystic endometrial hyperplasia.  (HE, 
10X) 



While this is a rare entity, it presents a good 
opportunity to review embryology and the 
development of the reproductive system. Unlike 
non-mammalian species, the mammalian embryo 
does not rely on stored yolk, though the structure 
of the yolk sac is present. The yolk sac is a 
bilaminar structure with an outer splanchnic 
mesoderm and inner extraembryonic endoderm. 
The yolk sac is continuous with the embryonic 
midgut. 
 
All primordial germ cells, male and female, are 
derived from yolk sac endoderm. Development is 
initiated in the early epiblast, where factors such 
as BMP-4 transform the endodermal cells prior to 
their migration to the yolk sac. The cells cluster 
in the caudal surface of the yolk sac mesoderm, 
close to the primitive hindgut. From that position, 
they migrate to the wall of the hindgut through 
the allantoic stalk. Finally, the cells migrate 
through the dorsal mesentery to reach the genital 
ridges. It generally takes about three weeks for 
the cells to make it to the genital ridges, and about 
2000 primordial cells ultimately survive the 
migration. Improper migration is extragonadal 
regions can result in teratomas. The extent of 
migration for these primordial germs cells is 
surpassed only by the migration of neural crest 
cells.8 
 
While not of germ cell lineage, another common 
condition seen in a laboratory animal, specifically 
most commonly in the Fischer F344 rat, are 
endometrial stromal polyps. These occur 
singularly or as multiples, are usually pale tan or 
mottled red and tan, and are sessile with a long 
stalk. They are composed predominantly of 
loosely organized endometrial stromal cells, 

vascular supply, and few entrapped glands. The 
surface epithelium may either be similar to 
normal endometrial epithelium and low cuboidal 
or may exhibit squamous metaplasia. When there 
is an adenomatous component, the terms 
glandular or adenomatous polyp has been used.4 
These must be distinguished from endometrial 
stromal sarcoma, which may also be polypoid, 
but exhibits invasion, poor differentiation of 
spindle cells, numerous mitotic figures, and high 
cellular pleomorphism.3 
 
Cystic endometrial hyperplasia is one of the most 
common changes seen in intact female animals, 
including domestic and laboratory animals, 
humans, and exotic and wildlife species. It has 
been reported in nondomestic swine, red wolves, 
African wild dogs, raccoons, Asian elephants, 
and wild rabbits. While there is hyperplasia of 
components of the endometrium, there is 
prominent hyperplasia of glandular structures, 
with glands becoming cystic and often detectable 
macroscopically. A variant also exists where 
endometrial glands are not cystic and not grossly 
visible, but there is proliferation of glands 
(noncystic endometrial hyperplasia).16 Prolonged 
and excessive exposure to estrogen is responsible 
in some species but may also be caused by 
ingestions of certain plants, or iatrogenic 
exposure to estrogen containing creams. 
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CASE 4: P17-0217 (4100658-00) 
 
Signalment: 1-year old female spayed Beagle 
 
History: The dog was spayed, and the uterus and 
ovaries were submitted for histopathology. 
 
Gross Pathology: The uterus contains a 3 cm 
diameter well circumscribed mass. 
 

Uterus, dog.  A sagittal section of uterus is submitted for 
examination. There is a distinctly layered architecture to the 
endometrium.  (HE, 5X) 



Microscopic description: The endometrium has 
hyperplasia of the surface epithelium forming 
long fronds extending into the lumen with 
secondary branching and papillary projections. 
The epithelium is a single layer of columnar cells 
with abundant amounts of eosinophilic cytoplasm 
and basal-oriented nuclei. The lumen is filled 
with mucus that permeates between the fronds of 
epithelium. The endometrial glands have 
hyperplasia and ectasia. Inflammation is lacking. 
 
 
Contributor’s morphologic diagnosis: 
Pseudo-placentational endometrial hyperplasia 
 
Contributor’s comment: Endometrial 
hyperplasia in the dog occurs in two forms. The 
more common form is called cystic endometrial 
hyperplasia and is a hyperplasia of the 
endometrial glands. It is frequently associated 
with pyometra. The other form occurs 
uncommonly and is called by various names 
including pseudo-placentational endometrial 
hyperplasia, deciduoma, and segmental 
endometrial hyperplasia.  Both forms occur under 
the influence of progesterone from persistent 
corpora lutea.  
 
The gross and microscopic appearance of the 
lesion of pseudo-placentational endometrial 
hyperplasia resembles the normal placental sites 
in the dog uterus and is the genesis for the naming 
of the disease.4,5 The dog with this disease is not 
pregnant, and the cause of the disease is 
unknown. The condition has been induced by 
insertion or injection of a variety of materials 
within the uterus. 
 

Contributing Institution: 
College of Veterinary Medicine 
Virginia Polytechnic Institute and State 
University 
Blacksburg, VA 24061 
 
JPC diagnosis: 
Uterus: Hyperplasia, endometrial, pseudo-
placentational, segmental, Beagle, canine. 
 
JPC comment: 
In the bitch, the normal estrous cycle includes 
differentiation and proliferation of endometrial 
glands under the influence of estrogen during 
proestrus, with more extensive proliferation 
during estrus and metestrus/diestrus under the 
influence of progesterone. When progesterone 
levels fall during late diestrus, the endometrium 
regresses to a quiescent state during anestrus.3 
 
There is debate among authors whether cystic 
endometrial hyperplasia (CEH) and pyometra are 
linked, it is currently thought that prolonged 
exposure to high levels of progesterone cause 

Uterus, dog.  A layer of dense connective separates the 
stratum spongiosum (bottom) from the intermediate zone 
(top).   

Uterus, dog.  The intermediate zone consists of markedly 
dilated often open-ended glands containing 
pseudostratified columnar epithelium with apical blebs and 
glands contain a basophilic mucinous matrix. (HE, 181X) 

Uterus, dog.  The base layer of the endometrium (stratum 
spongiosum) is composed of dilated glands lined by 
cuboidal epithelium. (HE, 81X) 



endometrial gland proliferation which may 
increase susceptibility of the uterus to infection.1,3 
Three forms of endometrial hyperplasia have 
been described in the bitch, in addition to CEH-
pyometra complex: 1) estrogen-induced CEH, 2) 
focal endometrial polyps, and 3) endometrial 
hyperplasia associated with pseudopregnancy 
(PEH, this case entity).  
 
Histologically, PEH is distinguishable from CEH 
by only involving a focal or multifocal segment 
of the uterus, mimicking placentation sites. CEH 
is typically a generalized diffuse reaction 
involving the entire endometrium.5 PEH masses 
have the three distinct zone of normal maternal 
placenta, the stratum spongiosum, a zone of 
dense connective tissue, and the luminal 
pseudostratified epithelium with multifocal 
necrotic syncytia formation.2 
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Uterus, dog.  The adjacent endometrium is hyperplastic, 
thrown into papillary projections, and lined by vacuolated 
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WSC 2020-2021 Self-assessment 
Conference 2   

 

1.  Which of the following is NOT a protein component of the A-B toxin of Bacillus anthracis? 
a. Edema factor 
b. Leukotoxic factor 
c. Protective antigen 
d. Lethal factor 

 
2. The United State’s Selected Agent program is administered by which of the following? 

a. Dept. of Health and Human Services 
b. Centers for Disease Control and Prevention 
c. U.S. Dept. of Agriculture 
d. All of the above 

 
3. Which of the following is utilized by Entamoeba species to adhere to mucosal mucus and 

epithelium? 
a. VapA 
b. Lectins 
c. Serine proteases 
d. Cysteine proteases 

 
4. Which of the following immunohistochemical stains will react with both neoplastic cells and 

secreted matrix in yolk sarc carcinomas? 
a. Inhibin 
b. Vimentin 
c. Laminin 
d. Alpha-fetoprotein 

 
5. Which of the following is not a zone of pseudoplacentational epithelial hyperplasia? 

a. Stratum compactum 
b. Stratum spongiosum 
c. Zone of dense connective tissue 
d. Pseudostratified epithelium with syncytia 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 2020-2021 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 1: 11240-12 (4032246-00) 
 
Signalment: 1.5-year-old female St. Bernard dog 
(Canis lupus familiaris) 
 
History: The owner had taken 3 dogs to a show 
two weeks previously and they subsequently 
developed clinical signs of coughing. All dogs 

(all related St. Bernards) were then treated with 
trimethoprim sulfa at an unknown dose, over a 
ten-day period. This dog presented with seizures 
and hypoglycemia. There was severe anemia, 
thrombocytopenia, and dry eye. Two other 
littermates with similar clinical signs and similar 
treatment were hospitalized, treated 
symptomatically and eventually recovered. Drug 
treatment was withdrawn from the other dogs one 
day following this dog’s necropsy. 
 
Gross Pathology: This young adult dog had 
body weight 71.8 kg. The dog was moderately 
autolyzed. Fecal material on the perineal hair had 
a red hue. Beginning in the mid-jejunum, 
intestinal content was dry and consisted of blood. 
The lower legs were swollen with what was 
believed to be pitting edema. This was found to 
be a result of 1-3 cm thick subcutaneous 
hemorrhage.  
 
Additional pockets of subcutaneous hemorrhage 
were present over the rib cage and in the left 
jugular groove. Dry mucus was observed in the 
left conjunctiva. The spleen was enlarged and 
weighed 0.47% body weight (the animal was 
euthanized. The liver was 1.8% body weight 
(normal 3-4%), was mottled, extremely firm and 
had acute capsular margins. Most areas of tissue 
were firmer than expected, but others were soft, 

Lower legs, dog:  There is extensive subcutaneous 
hemorrhage (Photo courtesy of: Veterinary Medical 
Diagnostic Lab, University of Missouri, 1600 East Rollins 
Street, Columbia MO 65211) 



when pressure was applied across a tissue slice. 
The kidneys were congested and swollen. 
 
Laboratory results: ALT values were >2000; 
ALP, GGT and total bilirubin were also elevated. 
 
The animal was serologically positive for 
antibody against both Ehrlichia canis and 
Rickettsia rickettsia. PCR tests did not detect 
adenoviral, influenza of leptospiral antigens. 
Positive results were obtained for parvovirus and 
distemper. Toxicologic testing failed to detect 
arsenic or aflatoxins. 
 
Microscopic description: The liver is collapsed 
and architecturally only bile ducts and a few 
lipid-rich, degenerating, rounded hepatocytes 
remain associated with the sinusoids. Necrotic 
cells frequently have pyknotic nuclei and 
vacuolated cytoplasm containing bile pigment is 
common amongst them. Scattered mixed 
leukocytes remain in the sinusoids or in the 
adventitia of portal areas. Lymphocytes and 
plasma cells are particularly numerous in portal 
triads. Collecting veins and sinusoids focally 
contain thrombi. 
 
Contributor’s morphologic diagnosis: Massive 
hepatic necrosis and loss, with periportal hepatitis 
 
Contributor’s comment:  
Potentiated sulfonamides, combined with 
trimethoprim have become increasingly used to 
treat a variety of bacterial infections, especially 

those of the lung, skin and urinary tract in dogs. 
The two drugs are synergistic in inhibiting folate 
synthesis, inhibiting two steps of the pathway.  
 
There are several manifestations of TMS toxicity 
in dogs, including anemia, non-septic arthritis, 
erythema multiforme-like skin syndrome and 
liver disease.14,16 Hepatopathy is the most 
frequently lethal manifestation of toxicity. 
Cholestasis and/or massive or sub-massive 
hepatic necrosis are commonly found.12,15 In 
some instances, lymphoplasmacytic infiltrates 
occur in lesions. Dogs can show multiple 
manifestations of toxicity. The drug dose 
typically is not excessive. 
 
Illness commonly follows exposure by several 
days, so that the animal may not be currently 
taking the drug or be near the end of treatment. If 
surviving dogs are re-exposed to sulfa drug (with 
or without trimethoprim), recurrent disease is 
likely.  It is thought that metabolic intermediates 
from drug detoxification produced by 
microsomal cytochrome P450 result in either a 
nitrosylated toxic metabolite or a hapten, perhaps 
one that binds to membranes and incites immune 
reaction that is lethal to the cell. 
 
Onset of disease can occur near the end or after 
the antibiotic course, but disease extends beyond 
withdrawal of the drug. Some dogs that are 
affected have been given the drug previously. 
Clinicopathologic findings include increased 
alanine amino transferase, bilirubin, and alkaline 
phosphatase.11 

Liver, dog.  Grossly, the liver is 50% normal weight, firm, 
and mottled.  (Photo courtesy of: Veterinary Medical 
Diagnostic Lab, University of Missouri, 1600 East Rollins 
Street, Columbia MO 65211) 

Liver, dog.  Two section of liver are presented for 
examination.  At subgross magnification, areas of 
hemorrhage are visible. (HE, 327X) 



 

Breed predispositions occur but vary between 
studies.4,5,14 At least one Saint Bernard has been 
reported with fatal liver disease, and Dobermans 
appear over-represented. The finding of related 
animals becoming ill in this case is striking. 
 
The mechanism of toxicity is somewhat explored. 
Dogs do not have acetyl-methyl transferase 
activity, which is credited with producing the 
major non-toxic metabolite in people.13 The 
alternative pathway is biotransformation by 
hydroxylation and then reduction to produce a 
nitrosylated reactive product. The lack of N-
acylation occurs in all dogs, but Doberman dogs, 
including an affected dog, had cells with intrinsic 
in vitro toxicity at lower dose indicative of a 
second mechanism.5 
 
A variety of other drugs can also cause hepatic 
toxicity, including anesthetics halothane and 
methoxyflurane, anticonvulsants and others.  
Consumption of natural toxins such as microcytin 
can also result in similar lesions. 
 
Contributing Institution: 
Veterinary Medical Diagnostic Lab 
University of Missouri 
1600 East Rollins Street 
Columbia MO 65211 
 
JPC diagnosis: 
Liver, hepatocytes: Necrosis, massive, diffuse, 
with marked hemorrhage. 
 
JPC comment: 
Research on adverse reactions in humans to sulfa 
drugs reported from 1968 to 1988 illustrated 

several key points. The research centered on 
using sulfa drugs as a primary or adjunct therapy 
in the treatment of malaria, as the effectiveness of 
chloroquine waned. Reported reactions from 
sulfa drug therapy included blood dyscrasias 
(15%), skin lesions (45%), and liver related 
disease (7%). Drugs in the co-trimoxazole family 
accounted for 67% of all reported adverse 
reactions, which includes the 
trimethoprim/sulfamethoxazole family of drugs, 
still widely used in veterinary medicine. This 
category of sulfa drug was also responsible for 
60% of the case fatalities in this reported period. 
There is also an association between longer sulfa 
drug half-life and increased case fatality rate.1 
 
This case also provides an opportunity to review 
causes of acute massive hepatic necrosis in 
domestic species. Other causes of massive 
hepatic necrosis include other drugs, toxins that 
damage the hepatocyte cytoskeleton, the 
inhibition of RNA synthesis, iron toxicity, diet, 
and viruses. 
 

- Carprofen in dogs and diazepam in cats has 
been reported to cause idiosyncratic diffuse 
and massive hepatic necrosis at therapeutic 
doses. Diclofenac causes similar 
idiosyncratic liver injury to humans.6 

- Microcystis aeruginosa, a freshwater 
cyanobacteria, creates hepatotoxin 
microcystin-LR, which inhibits 
hepatocellular protein phosphatases 1 and 
2A, disrupting the cytoskeleton.3 

- Amanita sp. mushrooms create the toxin 
phalloidin, which binds to actin and disrupts 
the cytoskeleton.3 

Liver, dog.  There is necrosis and hemorrhage within 
centrilobular and midzonal areas of the hepatic lobule; 
portal hepatocytes are markedly vacuolated.  (HE, 124X) 

Liver, dog.  There is loss of sinusoidal architecture in 
centrilobular and midzonal areas, necrosis of hepatocytes, 
hemorrhage and erythrophagocytosis by Kupffer cells.  
Periportal hepatocytes have numerous lipid vacuoles in 
their cytoplasm.  (HE, 279X) 



- Marine dinoflagellates create pectenotoxins, 
which directly damage the hepatocyte 
cytoskeleton.3 

- Aflatoxin (B1, B2, G1, and G2) cause 
widespread hemorrhage and massive hepatic 
necrosis, especially in young animals.6 

- Amanita sp. mushrooms elaborate 𝛼-, 𝛽-, 𝛾-, 
and 𝜀-amanitin toxin, which are potent 
inhibitors of RNA-polymerase, effectively 
halting RNA synthesis in hepatocytes.6,8 

- Both iron-dextran intoxication of piglets, and 
ferrous fumarate in foals have been described 
as causes of massive hepatic necrosis.2 

- Hepatosis dietetica in pigs is incompletely 
understood but is likely related to deficiency 
of vitamin E and/or selenium.6 

- Theiler’s serum hepatitis in horses may be 
caused by a parvovirus, though research 
continues to build upon the body of 
knowledge.7 

- Sulawesi tortoise adenovirus-1 (STAdv-1) 
was discovered to cause mortality in 
Sulawesi tortoises and has the capacity for 
interspecies transmission and infection.9 

- Rift Valley Fever virus results in multifocal to 
massive hepatic necrosis in aborted lamb 
fetuses.10 

 
Distinguishing between these causes can be 
difficult, and signalment and clinical history can 
provide the insight needed. This case highlights 
the need for additional information and analysis 
of lesions of other systems. 
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CASE 2: 4884 A1 (4141105-00) 
 
Signalment: Adult, neutered male, Border collie, 
Canis lupus familiaris 
 
History: This case was referred to the hospital, 
where it presented with mild chronic 
hypoglycemia [blood glucose=2.8mmol/L 
(range: 3.6-7.0)] and high blood insulin [blood 
insulin= 72uIU/L (range: 5.0-40)]. Similar 
findings had been previously reported by the 
referring vet. This dog had one previous episode 
of seizure, which was suspected to be secondary 
to hypoglycemia. Ultrasonography and CT 
revealed a gastric fundic mass, without gastric 
lymphadenopathy. Cytology taken from the 
gastric fundus was non-conclusive. Finally, 
exploratory laparotomy was undertaken during 
which subtle thickening of the wall of the fundic 
stomach was noted. A transmural biopsy sample 
was taken during this surgery.  
 
Gross Pathology: The sample submitted for 
histological examination was a 7cm x 7cm x 
1.25cm transmural resection with diffuse, poorly 
defined, thickened and roughened mucosa.  
 
Microscopic description: There is moderate to 
marked, diffuse thickening of the gastric mucosa, 
which forms sessile and polypoid expansions into 
the lumen. This is due to accumulation of large 
numbers of glands lined mostly by a cell thick 
layer of columnar epithelium with basophilic to 
clear cytoplasm (mucus containing cells), with 

occasional areas where cells pile up. Moderate 
numbers of these glands are markedly dilated and 
lined by attenuated epithelium. Most of the 
above-mentioned glands have basal, 
intraepithelial infiltration by small lymphocytes. 
The lamina propria in these areas is infiltrated 
diffusely by lymphocytes and plasma cells. At the 
base of areas of mucosal expansion there are 
pockets of fundic glandular tissue (preexisting), 
featuring occasional intraluminal necrotic cells, 
and lymphoid aggregates in the lamina propria 
(gut associated lymphoid tissue). Additionally, 
there are multifocal areas of extravascular 
accumulation of erythrocytes in the lamina 
propria (hemorrhage). There is no evidence of 
invasion of the submucosa or the basal lamina by 
the hyperplastic tissue described above.  
 
Contributor’s morphologic diagnosis: Marked, 
diffuse, mucosal hypertrophy with chronic 
gastritis, mucoid metaplasia, and glandular 
dilation – fundic stomach  
 
Contributor’s comment: 
Gastric mucosal hypertrophy (GMH) is a canine 
disease that can be focal or diffuse and leads to 
mucosal proliferative changes. The terminology 
used to describe this disease can be somewhat 
confusing. As background, the concepts of 
hypertrophy and hyperplasia in both the 
macroscopic (gross) and microscopic settings are 
relevant in GMH (pathogenically and/or 
terminologically):6  

• Hypertrophy (Greek etymology: hupér – 
over + trophia – nourishment). It 
describes the increase in volume of a 

Stomach, dog.  Three sections of stomach are presented 
for examination.  At subgross magnification, the 
edematous mucosa is through into rugose folds. (HE, 7X) 

Stomach, dog.  There is marked loss of gastric glands.  
More superficial glands are lined with poorly differentiated 
epithelium; glands deeper in the mucosa are typical, 
although atrophic.  Numerous glands are markedly ectatic.  
(HE, 23X) 



tissue or organ (gross) due to increase in 
parenchymal cell size (microscopic).  

• Hyperplasia (Greek etymology: hupér – 
over + plasis – formation). It refers to 
increase in volume of a tissue (gross) due 
to increase in the number of parenchymal 
cells (microscopic)  

 
With the above in mind, it is clear that when the 
term hypertrophy/hypertrophic is used in the 
description of GMH, it refers to its gross 
presentation of this disease. Microscopically, 
GMH features both hypertrophy, and hyperplasia 
despite its name.  
 
GMH can be focal or diffuse:  

• Focal GMH (F-GMH) is also known as 
giant hypertrophic pyloric gastropathy 
and may feature hypertrophic antritis (i.e. 
hypertrophy of the pyloric antrum).4,9 It 
is idiopathic, relatively more prevalent 
than the diffuse form below, and it more 
frequently affects small canine breeds. In 
F-GMH, the proliferative lesion is 
located on the pyloric antrum, and 
consists of papillary proliferations into 
the lumen, which frequently lead to 
obstruction. Histologically, these 
proliferations consist of a mucosa 
thickened by increase in the amounts of 
surface epithelium foveolar tissue. Both 
of these are lined by epithelial cells with 
intracytoplasmic mucus (metaplasia). 
These are supported by a lamina propria 
that is either histologically normal, or 
contains plasma cells, lymphocytes, and 

eosinophils. It may be associated with 
local muscularis hypertrophy and/or 
mucosal erosion/ulceration. 
 

• Diffuse GMH (D-GMH) can also be 
known as chronic hypertrophic gastritis 
or chronic giant hypertrophic 
gastropathy.4,9 It is also idiopathic 
although an immune mediated 
pathogenesis is suspected. DS-GMH is 
relatively rarer than F-GMH and can 
affect a range of dog breeds. Breeds 
overrepresented include Basenji, beagle, 
boxer and bull terriers. It is associated 
with vomiting, diarrhea, weight loss, 
protein-losing gastropathy, and 
hypoproteinemia. Its presentation is 
similar to that described for human 
diseases with Ménétrier disease (more on 
this below). The gastric mucosa is 
diffusely thickened to form 
“cerebriform” folds that do not resolve 
upon stretching of the gastric wall. These 
may involve an area of 4–10cm only 
(which contrasts with the use of the term 
diffuse in the terminology above). 
Microscopically, there is hypertrophy 
and hyperplasia of the mucosa to form 
folds that may or may not contain 
submucosa and muscularis layers. The 
hyperplastic mucosa is composed of 
foveolar and glandular tissue, and there is 
progressive loss of parietal cells, that are 
replaced by variably differentiated 
mucus containing cells. A distinctive 
feature is the presence of inflammatory 
infiltration -and occasionally edema- of 
the lamina propria, which is mononuclear 
(i.e. lymphocytes and plasma cells with 
rarer macrophages). Partial gastrectomy 
can be curative.10 

 
Overall, the histological presentation of the 
sample of stomach in this case is consistent with 
D-GMH, as this diagnosis is supported by the 
location (i.e. fundic stomach), gross presentation, 
and histological features. A striking feature of 
this presentation are the intraepithelial 
lymphocytes. More investigation would be 
required to ascertain their role (e.g. 
immunohistochemical characterization), but 

Stomach dog.  Glands within the superficial mucosa are 
lined by poorly differentiated basophilic mucosa and 
surrounded and infiltrated by numerous lymphocytes (HE, 
175X) 



these are suspected to be secondary to 
inflammation. One puzzling aspect of this 
presentation is the hypoglycemia, which is not a 
feature of the presentation of any of the diseases 
above described. It is therefore possible that this 
feature was not associated with the gastric lesion.  
 
Parallelism between GMH (a.k.a. chronic 
hypertrophic gastritis or chronic giant 
hypertrophic gastropathy) and human Ménétrier 
disease is often drawn. Ménétrier disease is a 
hypertrophic gastropathy also characterized by 
“cerebriform” thickening of the gastric 
fundus/body mucosa secondary to excessive 
production of transforming growth factor alpha 
(TGF-alpha).8 It affects adults (30-60y) most 
frequently, but a self-limiting pediatric form is 
reported (usually following respiratory 
infection). It is characterized by foveolar 
epithelial hyperplasia (with mucus containing 
cells), parietal and chief cell atrophy, and mild to 
moderate inflammation. Interestingly, striking 
intraepithelial lymphocytosis is present in some 
cases, in consistency with the canine D-GMH 
case presented here. Ménétrier disease in adult 
humans is associated with increased risk of 
gastric adenocarcinoma.  
 
Canine gastric adenocarcinoma (GA) is a 
differential diagnosis to consider for this 
presentation.9 There are several features of GA 
that contrast with the presentation  
noted in this case, however. Grossly, GAs cause 
loss of the rugal aspect of the mucosal surface, 
may be ulcerated (>50% of cases), and are 
frequently located in the pylorus/antrum. 
Histologically, they frequently have severe 
desmoplasia, and are heavily infiltrative, with 
frequent invasion of the lamina propria 
progressing into the muscularis and serosa to 
form a transmural lesion. Also, lymphatic 
invasion and metastasis to local lymph nodes and 
other distant organs (especially lung, liver and 
adrenal glands) are common occurrences in GA. 
None of these were noted in this case.  
 
Contributing Institution: 
Easter Bush Pathology 
Easter Bush Veterinary Centre 

Roslin, Midlothian, EH25 9RG, UK 
https://www.ed.ac.uk/vet/services/easter-bush-
pathology  
 
JPC diagnosis: 
Stomach: Gastric hypertrophy, chronic, diffuse, 
severe, with mucoid metaplasia, marked 
glandular atrophy and loss, and moderate 
lymphocytic inflammation. 
 
JPC comment: 
First described in 1888 by French pathologist 
Pierre Ménétrier, this disease was first 
characterized by “sheet-like polyadenomas” of 
the gastric mucosa affecting the proximal portion 
of the stomach (body and fundus) but sparing the 
distal stomach (antrum). Many of his findings 
remain characteristic for the eponymous 
Ménétrier’s disease.3 
 
The contributor provided a good review of this 
entity. In humans, Ménétrier’s disease is also 
known as hyperplastic gastropathy, or giant rugal 
hypertrophy. A familial link has been rarely 
documented but shows no regular association 
with other diseases. Interestingly, 
cytomegalovirus is present in approximately 70% 
of cases in affected children, and Helicobacter 
pylori is detected in almost 90% of adults 
affected.2 
 
Giant hypertrophic gastritis, or Ménétrier-like 
disease, has been reported in an Old English 
sheepdog, a Jack Russell terrier, and a Boxer. A 
Ménétrier-like disease has been reported in 
association with gastric carcinoma in a West 
Highland white terrier, and gastric 
adenocarcinoma in Cairn terrier littermates. The 
contributor previously mentioned the breed 
specific form of gastric hypertrophy in Baseneji, 
though that histologic appearance differs from 
Ménétrier-like disease exhibiting only infrequent 
glandular cysts and a concurrent 
lymphoplasmacytic gastroenteritis. A recent 
report of Ménétrier-like disease in a domestic 
shorthair cat found a predominant mucosal 
hyperplasia, dilated gastric glands, a mild 
interstitial fibrosis and inflammatory infiltrates.1  
 
A hypertrophic gastropathy similar to 
Ménétrier’s disease has been reported in 



transgenic mice. A line of mice was created that 
overexpressed transforming growth factor a 
(TGF-a) in the stomach. The mice exhibited 
dramatic structural and functional lesions of the 
glandular stomach, including severe 
adenomatous hyperplasia and a lack of detectable 
gastric acid. It remains possible that TGF-a plays 
an important role in the development of 
pathology similar to Ménétrier’s disease.7 
 
Important differentials to consider for diffuse 
hypertrophic gastropathy include Ménétrier’s 
disease, hypertrophic lymphocytic gastritis, 
hypertrophic hypersecretory gastropathy, and 
Zollinger-Ellison syndrome. Hypertrophic 
lymphocytic gastritis can be differentiated by 
diffuse and severe inflammation with numerous 
intraepithelial lymphocytes. Hypertrophic 
hypersecretory gastropathy differs from 
Ménétrier’s disease by exhibiting hyperplasia of 
both the foveolar epithelium and oxyntic glands, 
with cystic dilatation of the gastric glands 
possible. Zollinger-Ellison syndrome is 
characterized by a lack of foveolar hyperplasia, 
but with ectopic gastrin secretion (gastrinoma) 
with increased gastric acid secretion, intractable 
peptic ulcers, diffusely thickened gastric folds, 
and diffuse parietal cell hyperplasia and 
hypertrophy.5 
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CASE 3: 2019 Case 2 (4135953-00) 
 
Signalment: Intact, female, 24-year-old, patas 
monkey (Erythrocebus patas) 
History: This monkey presented with bloat prior 
to humane euthanasia. 
 
Gross Pathology: 
Spleen: 

1. Chronic, focal, moderate fibrous capsular 
adhesion to the body wall 

2. Multifocal, firm, 0.3-0.8 cm, dome-
shaped, raised nodules 

 
Laboratory results: 
See table. 

 
Microscopic description: 
Spleen (2 sections): Multifocally, the splenic 
parenchyma contains several nodular aggregates  
of polygonal to elongated mesenchymal cells 
forming variably sized, vascular channels 
separated by scant to moderate amounts of 
eosinophilic stroma. The cells lining the vascular 
channels are plump, contain open-faced, oval to 
elongated nuclei containing one to four nucleoli 
and scant eosinophilic cytoplasm. Anisocytosis 
and anisokaryosis are minimal. The vascular 
channels formed by this mesenchymal cell 
population are minimally to widely separated by 
a bland, eosinophilic stroma that largely replaces 
the pre-existing red pulp in locally extensive 
areas. In areas where the stroma accompanying 
these vascular channels is abundant, these 
vascular channels form distinct, unencapsulated 
nodules. Small numbers of hemosiderophages 
and neutrophils infiltrate these nodules 
multifocally. The splenic hilar connective tissue 
is mildly edematous diffusely and infiltrated by 
small numbers of neutrophils and macrophages. 
A densely collagenous, well-vascularized fibrous 
adhesion is attached to the capsule of the spleen. 
The mesothelium lining the splenic capsule is 
plump diffusely (reactive) and within one focal 
area, the mesothelium is 8 cells in thickness.  
 
Contributor’s morphologic diagnosis: 
 
 

Assay Units Value Min Max Assay Units Value Reference Range
WBC 10^3/uL 5.91 2.14 5.91 Glucose mg/dL 291 60-120
RBC 10^6/uL 6.72 5.3 6.95 Blood Urea Nitrogen mg/dL 40 15-43
HGB g/dL 15.7 12.6 17.5 Creatinine mg/dL 1.4 0.7-1.4
HCT % 50.3 39.4 53.7 Calcium mg/dL 9.5 8.2-10
MCV femto 74.9 73.4 82.6 Albumin g/dL 2.5 2.0-4.1
MCH pico 23.4 23.4 26.8 Total Protein g/dL 5.4 4.8-6.7
MCHC g/dL 31.2 31.2 33.7 Alanine Aminotransferase uL 40 38-119
PLT 10^3/uL 383 223 383 Aspartate Aminotransferase uL 73 37-91
Neut# 10^3/uL 4.59 0.46 4.592 Alkaline Phosphatase uL 153 62-214
Lymph# 10^3/uL 0.68 0.68 2.211 Total Bilirubin mg/dL 0.5 0.4-0.9
Mono# 10^3/uL 0.52 0.091 0.52 Gamma-glutamyl transpeptidase uL 36 24-125
EO# 10^3/uL 0 0 0.241 Amylase uL 766 333-575
Baso# 10^3/uL 0.12 0.039 0.21
Ret# 10^6/uL 0.0383 0.034 0.0731
CBC and serum chemistry acquired the day prior to bloating and euthanasia. 
CBC reference ranges were acquired from 16 patas monkeys. 
Serum chemistry reference ranges were acquired from 23 patas monkeys. 
The clinical significance of the hyperglycemia and increase in amylase in this patas monkey are not known. A urinalysis was not performed. 

Spleen, patas monkey:  There is a fibrous adhesion to the 
body wall, and several nodules raised above the capsular 
surface.  (Photo courtesy of: Integrated Research Facility, 
Division of Clinical Research, 8200 Research Plaza, Fort 
Detrick, MD 21702, 
https://www.niaid.nih.gov/about/integrated-research-
facility) 



Spleen: 
1. Sclerosing angiomatoid nodular 

transformation (SANT, presumptive) 
2. Chronic, locally extensive, moderate 

capsular fibrosis (adhesion) 
 
Contributor’s comment: 
First reported as “cord capillary hemangioma” in 
19938,9, less than 150 SANT cases have been 
reported in the literature and the pathogenesis is 
poorly understood. The actual number of cases in 
the literature is unknown as the same lesion has 
been referred to by different authors as a 
hamartoma, hemangioma, and multinodular 
hemangioma. As the lesion is considered benign, 
differentiating between these morphologic 
diagnoses has questionable clinical relevance.1,6,8 
SANTs are thought to be a reactive, post-
inflammatory or post-thromboembolic lesion.2 
Martel et al. describes the lesion as, “altered red 
pulp tissue that had been entrapped by a 
nonneoplastic stromal proliferative process.”11 
 
In humans, the diagnosis is most often reported in 
middle-aged women, discovered as an incidental 
finding or as the result of abdominal pain and/or 
splenomegaly.11 Diagnostic features of SANT are 
their angiomatoid sclerotic nodular 
histopathologic appearance and mixed vascular 
component. Definitive diagnosis requires 
immunohistochemistry.2,16 

Immunohistochemically, 
SANT lesions recapitulate 
the normal composition of 
the red pulp and contain 
vessels with three 

immunophenotypically 
distinct phenotypes:  1) 
capillaries that are CD34 
positive/CD31 positive 
and reported to be either 
CD8 positive or negative 
(most commonly reported 
to be CD8 negative), 2) 
venules that are CD34 

negative/CD31 
positive/CD8 negative, 
and 3) red pulp sinusoids 
that are CD34 

negative/CD31 
positive/and CD8 

positive.2,12,15,16 Vessels within the lesion do not 
stain for D2-40 confirming they are not lymphatic 
in origin.8,13 Variable positivity has been reported 
in SANT for the TNF-receptor transmembrane 
glycoprotein CD302,16 but the significance of the 
presence or absence of this marker is not known. 
Most plasma cells in these lesions are IgG4 
positive.2 In human cases, the cells composing the 
stroma stain variably for smooth muscle actin 
(pericytes), CD31 (endothelial cells), and CD68 
(histiocytes).11 
 
Differential diagnoses for SANT include littoral 
cell angioma, splenic hamartoma, splenic 
hemangioma, splenic hemangioendothelioma, 
and splenic angiosarcoma. The lesion in the 
spleen of this patas monkey has no dense foci of 
inflammation consistent with an inflammatory 

Spleen, patas monkey:  Subgross magnification of the submitted sections of spleen 
demonstrates several discrete parenchymal nodules, one elevating the capsule in the lower 
section.  (HE, 7X) 

Spleen, patas monkey:  Higher magnification of one of the 
parenchymal nodules, this one elevating the overlying 
capsule.  Several nodules of white pulp remain within the 
boundary of the nodule. (HE, 30X) 



pseudotumor (IPT) or dense, avascular scarring 
(post-traumatic fibrosis) but these should be 
included in the differential diagnosis of 
multinodular splenic lesions with an extensive 
inflammatory or fibrous component.  
 
SANTs lack the proliferative activity of and 
cytologic atypia seen in angiosarcomas. 
Angiosarcomas lack a nodular growth pattern, are 
invasive, and are positive for CD68 and CD8.4,15 
Hemangioendotheliomas (spindle, 
polymorphous, and epithelioid types) are 
considered intermediate in biological behavior 
between hemangioma and angiosarcoma have 
mild to moderate atypia and generally a low 
mitotic index14 but share some histopathologic 
features with SANT and this diagnosis is favored 
by some for SANT lesions. Others favor a 
diagnosis of splenic hamartoma of the red pulp 
that has undergone sclerosis.11,13 
Hemangioendotheliomas, in addition to having 
greater cytologic atypia and mitotic activity than 
SANT, are variably immunoreactive for CD34 
and cytokeratin, and are CD21, CD8, and CD68 
negative. The vessels in splenic hamartomas are 
composed of only sinusoids (factor VIII 
positive/CD31 positive/CD8 positive/type IV 
collagen positive/CD21 negative/CD68 

negative).13 Both hemangioendotheliomas and 
splenic hamartomas lack the multinodular growth 
pattern seen in SANTs. Littoral cell (sinusoidal 
lining cell) angioma and splenic hemangiomas 
also lack the multinodular, sclerotic architectural 
features of SANT and are also composed of a 
single type of blood vessel. Littoral cell angiomas 
are typically CD31 positive/CD34 negative/CD8 
negative/CD68 positive/CD21 positive. Splenic 
hemangiomas are CD31 positive/CD34 
positive/CD8 negative/CD21 negative/CD68 
negative. Treatment for this presumed 
nonneoplastic lesion, is splenectomy.13 
Immunohistochemistry for CD34, CD31, CD8, 
CD21, D2-40, factor VIII, and CD68 are pending 
in this case to confirm the presumptive diagnosis 
of SANT.  
 
Contributing Institution: 
Integrated Research Facility 
Division of Clinical Research 
8200 Research Plaza 
Fort Detrick, MD 21702 
https://www.niaid.nih.gov/about/integrated-
research-facility 
 
JPC diagnosis: 

Spleen, patas monkey:  High magnification of one of the parenchymal nodules.  Cuboidal endothelial cells are distributed 
throughout, some forming blood-filled vascular spaces.  Endothelial cells are separated by a moderate collagenous matrix, often 
with extravasated erythrocytes.    (HE, 400X) 



Spleen:  Vascular proliferation, diffuse, 
moderate, with endothelial hypertrophy and 
random nodular sclerosis. 
 
JPC comment: 
This succinct summary outlines the highlights of 
what has been learned since this was first 
described in 2004, and prior to that was likely 
diagnosed as other entities. One point that bears 
discussion is the nature of IgG4-related disease. 
 
All plasma cells first secrete IgM until they 
receive stimulation to undergo isotype switching 
and produce IgA, IgE, or IgG antibodies. There 
are four subclasses of IgG, named in the both the 
order of discovery and concentrations found in 
circulation, from IgG1 to IgG4. While IgG4 
shares more than 95% sequence homology in the 
constant domain with the other IgG isotypes, it 
differs significantly in a few amino acids in the 
CH2 domain. This leaves it with little affinity for 
complement C1q binding and for Fc receptor 
binding. The lack of a proline in the hinge region 
makes its inter-heavy chain disulfide bonds more 
prone to reduction, allowing heavy chains to 
swap between IgG4 antibodies. These are 
sometimes called ‘half-antibodies’ and allows 
them to function as ‘bi-specific’, but functionally 
monovalent for a given antigen. One disease 
involving IgG4 that is well understood is 
pemphigus complex, where the IgG4 antibody 
directly attacks desmoglein (or desmocollin) to 
affect pathologic changes in the epidermis.12 

 
There is increased 
research interest 
regarding this 
process as IgG4 
production and 

IgG4-positive 
plasma cells and 

histologic 
appearance are 
common threads 
for a variety of 

inflammatory 
diseases, including 
sclerosing forms of 

sialadenitis, 
pancreatitis, 
cholangitis, 

aortitis, thyroiditis, and retroperitoneal fibrosis in 
humans. In SANT, IgG4-positive plasma cells are 
a consistent finding, but whether this entity will 
be classified as an IgG4-related disease is still to 
be determined.3,7,12 
 
SANT is a uniquely splenic lesion, though 
histologically similar entities exist outside of the 
spleen. One condition most often found in lymph 
nodes is called nodal angiomatosis and is a 
subtype of vascular transformation of sinuses 
with a more cellular character. While perhaps 
histologically similar, despite different tissues, 
they each have different IHC morphologies, with 
nodal angiomatosis typically demonstrating 
positive immunoreactivity to desmin, smooth 
muscle actin, and vimentin. Conversely, the 
spindloid cells of SANT are negative for smooth 
muscle actin.5 
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CASE 4: OSU 2013 2 (4041565-00) 
 
Signalment: 1-day-old, male, Miniature horse 
(Equus ferus caballus) 
 
History: A dead, premature Miniature horse colt 
was delivered on 2/14/13 by a mare that presented 
with dystocia. The placenta passed approximately 
10 minutes post-partum and while it appeared 
grossly normal, it weighed 6.2 pounds 
(increased).  The mare’s due date was 3/8/13. The 
colt and placenta presented for a complete 
necropsy on 2/15/13. 
 
Gross Pathology: The body condition score was 
1.5/5 and the animal presented in good post-
mortem condition. A mild amount of yellow-
brown, soft material was present on the tail, 
perineum, and all four limbs. 
 
The endocardium of the heart contained two areas 
of red discoloration that extended 1-2 mm within 
the myocardium. The first area measured 5 x 5 
mm and was located just ventral to the mitral 

Placenta, horse.  A section of placenta is presented for 
examination.  At subgross examination, there is a nodule 
extending from the allantoic surface (arrow).  (HE, 5X) 



valve; the other are measured 5 x 8 mm and was 
present within the papillary muscle. Bilaterally, 
both adrenal glands were characterized by 
markedly thin cortices, with a cortical to 
medullary ratio of 1:8. The cortical surface 
contained hundreds of pinpoint, red foci. 
 
Both tips of the uterine horns contained dozens of 
raised, firm, tan irregular tissue that was 
moderately well-demarcated. The amniotic sac 
contained hundreds of raised, white, pinpoint, 
soft foci (amniotic plaques). 
 
Microscopic description: 
Placenta: A focal area of round epithelial lined 
structures is present within the fibrous stroma of 
the chorioallantois that forms a discrete nodule. 
The allantoic epithelium is stratified with piling 
of nuclei. Within the epithelium, dilated cystic 
structures lined by cuboidal epithelium with 
round nuclei. The cysts are filled with 
homogenous eosinophilic material. Similar 
dilated epithelial lined cystic structures are 
observed within the allantoic stroma of various 
sizes. Fibrosis, neovascularization and 
hemorrhage lie between the cysts in the 
chorioallantoic membrane. Edema is present 
below the chorionic villi, within the connective 

tissue. The chorionic villi demonstrate multiple 
foci of karyorrhexis and pyknotic epithelial 
nuclei, indicative of necrosis. Several regions of 
the villi are blunted. Few arteries and arterioles 
have clear cytoplasmic vacuoles within the tunica 
media and endothelium, interpreted as hydropic 
degeneration.  
 
Contributor’s morphologic diagnosis:  
Marked multifocal to coalescing chronic allantoic 
epithelial fibroadenomatous hyperplasia with 
edema and neovascularization. Mild to moderate 
multifocal acute chorionic villus coagulation 
necrosis with villus atrophy. 
 

Placenta, horse.  Higher magnification of the section of placenta containing the allantoic nodule (at bottom). There is necrosis 
of the chorionic villi opposing the nodule and marked proliferation of capillaries supplying those villi.  There is marked 
congestion of the chorioallantoic vessels, and mild edema of the surrounding stroma. (HE, 14X) 

Placenta, horse.  There are dilated tortuous glands within 
the chorioallantoic membrane, which are separated by 
highly vascular fibrous tissue.   There are variable amounts 
of secretory material within the glands. (HE, 181X) 



Contributor’s comment: 
Adenomatous hyperplasia of the allantoic 
epithelium is categorized in three stages. Stage 1 
includes hypertrophic and hyperplastic allantoic 
epithelium with intraepithelial glands and 
intracytoplasmic vacuoles. Stage 2 includes the 
presence of glands within a thickened and 
reactive allantoic stroma. Stage 3 includes 
numerous glands of various sizes within the 
stroma forming a nodule.6 This is a case of stage 
3 fibroadenomatous hyperplasia of the allantoic 
epithelium. Adenomatous hyperplasia has been 
associated with other chronic placental lesions 
including nocardia, fungi, Streptococcus spp., 
Pseudomonas spp., Staphylococcus spp., and 
coliform (predominately Escherichia coli) 
placentitis.6 However, these lesions are 
characterized by focal chorionic villar necrosis, 
and inflammatory cells within the mass and 
chorionic epithelium. Acute placentitis has not 
been associated with adenomatous hyperplasia 
suggesting that it may be a reactive lesion due to 
a chronic irritant.6 
 
A study reviewing cases of placental leptospirosis 
reported 95% of affected placentas demonstrating 
allantochorionic lesions, the most frequent being 
adenomatous hyperplasia of allantoic epithelium. 
Also commonly observed was leukocyte 
infiltrates within the chorionic villi and stroma, 
vasculitis, and chorionic villar necrosis, atrophy, 
and mineralization.7 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Contributing Institution: 
Department of Veterinary Biosciences 
College of Veterinary Medicine 
The Ohio State University 
http://vet.osu.edu/biosciences 
 
JPC diagnosis: 
Placenta, allantois:  Hyperplasia, adenomatous, 
focally extensive, moderate, with fibrosis, 
neovascularization, and coagulation necrosis of 
opposing chorionic villi. 
 
JPC comment: 
The condition was first reported in 1988 as 
adenomatous dysplasia of the equine allantois, 
but similar lesions have been reported near the 
umbilicus on the allantoic surface of placentas in 

Placenta, horse.  Higher magnification of the glands, which are lined by cuboidal epithelium 
which is similar to allantoic epithelium.  Condensed secretory material within their lumina form 
corpora amylaceae. (HE, 400X) 

Placenta, horse.  The choronic villi on the opposing face of 
the chorioallantoic membrane demonstrate partial to full-
thickness coagulative necrosis.  There is marked 
hyperplasia of capillaries supplying these distressed 
segments of the chorion.  (HE, 36X) 



elephants and rhinoceroses. These lesions have 
never been reported in other animals or humans.5 
 
Adentomatous hyperplasia or dysplasia of the 
equine allantois is currently considered by most 
authors to occur secondary to chronic placental 
pathology of other causes.1,3,8 The grading scale 
of lesions, which can be focal or multifocal, was 
described above. These lesions likely do not 
directly affect placental function directly. In a 
case series documenting 8 cases of cystic 
adenomatous hyperplasia of the allantois, many 
mares had normal foals prior to an abortion, and 
at least 3 went on to have subsequent normal 
foals.8 
 
It is currently not known whether the criteria for 
the staging occur in a chronologic fashion, or 
different histologic features manifest 
independently. The degree, or stage, of disease 
does not appear to correlate with severity of any 
symptoms, extent of inflammation, or a particular 
pathogen.3 
 
While we cannot know the underlying prevalence 
in the spectrum of healthy births, there is a high 
prevalence of abortion and bacterial placentitis 
associated with this condition. Because the 
histologic changes do not correlate with an acute 
placentitis, it has been proposed that this 
condition may predispose the mare to developing 
a secondary bacterial placentitis.1,3 
 
An important differential for this entity is amnion 
nodosum, which is characterized by the presence 
of numerous small papules or granular 
amorphous nodules on the amnionic surface. A 
report of amnion nodosum was reported in a 
Belgian draught horse in 2011 and, similar to 
many horses affected by adenomatous dysplasia 
of the allantois, the mare and foal continued to be 
healthy with no adverse effects noted.2,4 
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1.  Which of the following has NOT been associated with trimethoprim-sulfa administration in 
dogs? 

a. Erythema-multiforme-like disease 
b. Non-septic arthritis 
c. Marantic valvular endocarditis 
d. Anemia 

 
2. Which of the following breeds has NOT been associated with chronic giant hypertrophic  

hypertrophy ? 
a. Old English Sheepdog 
b. Basenji 
c. Boxer 
d. Bull terrier 

 
3. Which of the following cytokines is overproduced in Menetrier’s disease? 

a. TNF-alpha 
b. IL-13 
c. IL-1 
d. Lymphopoetin 

 
4. Which of the following is not associated with sclerosing nodular angiomatoid transformation of 

the spleen? 
a. IgG4 positive plasma cells 
b. D2-40 positive endothelium 
c. Distinct vascular immunophenotypes 
d. Recapitulatin of normal splenic redpulp 

 
5. Which of the following has been associated with a high incidence of adenomatous hyperplasia 

of the chorioallantois? 
a. Equine coital exanthema 
b. Equine herpesviral abortion 
c. Leptospirosis 
d. Umbilical cord twisting 

 

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 2020-2021 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 1: 18/530 (4137582-00) 
 
Signalment: 2 years, female, Norwegian 
kystgeit, Capra hircus, goat. 
 
History: 
The goat was from a small flock of 15 Norwegian 
kystgeit, which is an old goat breed kept 
historically for meat production. The flock was 
kept on a barren pasture due to an unusually dry 
and warm summer. The goat was examined 
several times during a period of two weeks. The 
goat was lethargic and very thin, had poor 
appetite and was lying down. There were no 

respiratory or gastrointestinal signs, and the feces 
had normal consistency. Blood samples showed 
hypocalcemia, hypomagnesemia, and anemia. 
The goat was treated with calcium, magnesium, 
NSAIDs and penicillin. 
 
Gross Pathology: 
Subcutaneous tissues on extremities, the body 
and ventrally on the head were moist due to 
edema. Mucosal membranes were pale. The chest 
cavity contained 100 mL transudate, and lungs 
were congested and edematous with abundant 
frothy fluid in trachea and bronchi. Epicardial fat 
had partially gelatinous and moist appearance. 
The rumen was moderately filled with normal 
content. The abomasal wall was thickened due to 
severe submucosal edema.  
 
The mesenteric lymph nodes were severely 
enlarged with caseous necrosis which usually 
affected the entire cut surface of the nodes. Some 
nodes had a dark red cut surface with multiple 
grey to white, up to 0.5 cm large nodules. 
Mesenterial lymphatics were severely thickened, 
grey to white in color, and firm. 
 
Severe lesions were present in the small intestine, 
starting 4 meters aborally to the pylorus, and 
continuing to and including the ileocecal 
opening. In the jejunum there were multifocal, up 
to 0.5 cm large, grey to white nodules in the 
mucosa. Ileum had a diffusely thickened wall, 

Intestine and mesentery, goat:  The most striking gross 
lesion is severe granulomatous and caseating mesenteric 
lymphadenitis and thick rope-like lymphatics.    (Photo 
courtesy of: Norwegian University of Life Sciences, Faculty 
of Veterinary Medicine, PO Box 369 Sentrum, 0102 Oslo, 
Norway) 



with a grey to white necrotic mucosa. The aboral 
small intestine had small amounts of watery and 
blood tinged content. Nodules in the intestinal 
wall had a caseous center. The serosa of affected 
small intestine had multiple small white nodules. 
In the colon there were sparse amounts of normal 
intestinal content.  
 
Laboratory results: 
On initial bacteriological culture from ileum and 
mesenterial lymph node, a mixed bacterial flora 
of Escherichia coli, hemolytic Escherichia coli 
and Enterococcus sp. were detected. 
Mycobacteriological culture from small intestinal 
content and mesenterial lymph node showed 
growth of Mycobacterium avium subsp. 
hominissuis. Small intestinal content investigated 
by real time PCR was positive for the same 
bacterium. Bacteriological culture and PCR was 
negative for Mycobacterium avium subsp. 
paratuberculosis.  
 
Microscopic description: 
The mucosa of the small intestine is mostly 
missing, due to a combination of autolytic 
changes and necrosis. In remnants of mucosa 
there is a diffuse infiltration of neutrophils and 
macrophages and some lymphocytes and plasma 
cells. In the submucosa there are distinct 
multifocal to confluent areas dominated by 
macrophages and neutrophils in areas interpreted 
to be remnants of gut-associated lymphoid tissue, 
some of which have necrotic centers. Between 
these, there is a diffuse infiltration of 

macrophages, neutrophils, lymphocytes and 
plasma cells. 
 
In the serosa and in the mesentery, there are 
multiple granulomas with necrotic centers 
surrounded by a rim of macrophages and some 
neutrophils, surrounded by infiltration of 
lymphocytes and plasma cells. With increasing 
size of the granulomas there are increasing 
fibroblast proliferation in the periphery. Several 
granulomas have large vacuoles on the border 
between the necrotic center and the zone with 
macrophages and fibrosis. Some granulomas are 
associated with vascular structures, and areas of 
inflammation affected lymphatic vessels. Some 
granulomas have dystrophic mineralization in the 
center. 
 
Ziehl-Neelsen stain revealed numerous 
intracellular acid-fast bacilli in macrophages.  
 
Contributor’s morphologic diagnosis: 
Small intestine and mesentery: Multifocal to 
confluent granulomatous enteritis with serosal 
and mesenterial granulomatous lymphangitis 
with severe caseous necrosis.  
 
Contributor’s comment: 
In the Mycobacterium avium complex (MAC), 
there are 9 species of slow-growing mycobacteria 
and a further subset of isolates of undetermined 
classification (the so-called “MAC-others”).6 The 

Intestine and mesentery, goat:  A severe granulomatous 
lymphangitis.  (Photo courtesy of: Norwegian University of 
Life Sciences, Faculty of Veterinary Medicine, PO Box 369 
Sentrum, 0102 Oslo, Norway) 

Intestine and mesentery, goat: The most striking subgross 
lesion of this case of paratuberculosis are the mesenteric 
granulomatous lymphangitis.  Each granuloma represents 
a severely inflamed lymph vessel. (HE, 5X) 



species Mycobacterium (M.) avium contain four 
distinct subspecies; M. avium subsp. hominissuis 
(MAH), M. avium subsp. paratuberculosis 
(MAP), M. avium subsp. avium (MAA), and M. 
avium subsp. silvaticum (MAS). Although 
closely related, theses subspecies represent 
distinct organisms, each with specific pathogenic 
and host range characteristics. They range from 
environmental opportunistic bacteria that cause 
infections in swine and immunocompromised 
human patients, to pathogens of birds and 
ruminants.6 The MAH was quite recently 
suggested as a separate subspecies, to reflect the 
distinction of human and porcine isolates from 
bird-type strains.5  
 
Paratuberculosis, caused by MAP and 
characterized by chronic wasting in goats, was 
suspected due to the clinical signs and the gross 
pathology observed at necropsy. However, 
culture and PCR were negative for this bacterium 
and MAH was cultured and detected by PCR.  
 
MAH is an environmental opportunistic pathogen 
for humans and swine worldwide, but the 
organism has also been isolated from numerous 
other animals, such as cattle, dogs, birds, deer and 
horses.6 MAH has also been shown to be able to 
cause disease in goats after experimental oral 

infection, characterized by a large variety of 
granulomas in organized gut-associated tissues 
and intestinal lymph nodes. In severely sick 
goats, 2-3 months post infection, there were 
granulomas with extensive necrosis, little 
mineralization and variable numbers of acid-fast 
bacteria, surrounded by many CD4+ T cells, but 
only few epithelioid macrophages.7 As the 
granulomas develop with time, they were 
characterized with a granuloma stage 1-6, and in 

Intestine, goat: There is diffuse villar blunting.  The lamina propria and submucosa are variably infiltrated by large numbers of 
macrophages and lymphocytes and a submucosal lymphatic is effaced by a dense lymphohistiocytic infiltrate. (HE, 160X) 

Mesentery, goat: Low magnification of severely inflamed 
mesenteric lymphatics.  Well-formed granulomas efface 
mesenteric lymphatics. (HE, 40X) (Photo courtesy of: 
Norwegian University of Life Sciences, Faculty of 
Veterinary Medicine, PO Box 369 Sentrum, 0102 Oslo, 
Norway) 



the older granulomas there is more extensive 
caseous necrosis, fewer epithelioid macrophages 
and multinucleated giant cells, more distinct 
fibrosis and more lymphocytes,7 characteristics 
consistent with lesions in the present case. Many 
of the granulomas in the present case, both in the 
serosa and the mesentery, had extensive necrosis, 
but mineralization was only seen in a few 
granulomas. Two out of three sections from the 
mesenterial lymph node from the present case 
had total necrosis of the lymph node, surrounded 
by a thick zone of connective tissue. The third 
section of the mesenterial lymph node had severe 
multifocal to confluent necrosis.  
 
Soil and water are considered to be the natural 
reservoirs for MAH. Drinking water and tap 
aerosols are thought to be the main source for 
human infections, and for swine the source may 
be drinking water, feed, bedding materials, soil, 
wastewater, invertebrates and possibly other 
materials.6 

 
A study of genotypes and strain distribution of 
MAH isolated from humans and pigs in Belgium 
revealed a large genetic diversity of strains and an 
absence of a link between genotypes and the 
place of residence (human) or the farm or origin 
(pigs), suggesting an environmental source of 
infection.8  
 
The flock with the submitted case was held on a 
barren pasture, due to unusual and severe drought 
and warm weather in Norway in the summer of 
2018. It is possible that the weather and pasture 

conditions may have contributed to an increased 
likelihood of an oral infection with MAH, 
however to the contributor’s knowledge, this was 
the only documented case of MAH induced 
disease in animals in the country that summer. 
 
Contributing Institution: 
Norwegian University of Life Sciences 
Faculty of Veterinary Medicine 
PO Box 369 Sentrum 
0102 Oslo 
Norway 
 
JPC diagnosis: 
Small intestine, mesentery: Lymphangitis, 
granulomatous, multifocal to coalescing, chronic, 
severe, with neutrophilic and histiocytic enteritis, 
Norwegian kystgeit, caprine. 
 
JPC comment: 
There was spirited debate during the conference 
about the neutrophil content in some of these 
lesions. While acid fast stains revealed numerous 
acid-fast bacilli in macrophages as expected, the 
autolysis of the tissue section may have obscured 
an additional neutrophilic process. 
 
The contributor summarizes the current 
classification of Mycobacterium avian spp 
succinctly. While the discussed four subspecies 
affect veterinary species, the remaining identified 
species in “MAC” primarily affect humans (M. 
intracellulare, M. colombiense, M. chimaera, M. 
marseillense, M. timonense, M. 

Mesentery, goat:  Higher magnification of a granuloma 
effacing a lymphatic.  The center of granuloma (at left) is 
composed of eosinophilic granular debris surrounded by a 
basophilic band of nuclear debris.  Surrounding this are 
layers of epithelioid macrophages admixed with fewer 
lymphocytes, neutrophils and cellular debris, enmeshed in 
lamellated bands of mature collagen (HE 350X). 

Mesentery, goat:  Numerous acid-fast bacilli-laden 
macrophages are present within the lumen of a lymphatic. 
(Fite-Faraco, 100X). 



boucherdurhonense, M. vulneris, M. arosiense, 
and “MAC-others”).1 
 
In contrast to Mycobacterium tuberculosis, 
Mycobacterium avian sp. express serovar specific 
glycopeptidolipids (ssGPL), which play a role in 
inhibiting macrophages activation, and in 
immunomodulatory activity by downregulating 
Th1 response. Gene lysX (lysyl-transferase-lysyl-
tRNA synthetase) is involved in the lysinylation 
of surface phospholipids, which makes the 
bacterium susceptible to antimicrobial peptides. 
Wild type, mutated, or absent lysX genes affect 
many aspects of virulence, including rate of 
macrophage fusion, GPL expression and 
antigenic reactivity, susceptibility to defensins, 
and tolerance toward oxidative and nitrosative 
stress. The patterns of change in these factors is 
different between MAH and Mycobacterium 
tuberculosis but provides an interesting area of 
future research.4 
 
Mycobacterium avium subspecies hominissuis 
was recently confirmed as the causative agent of 
disseminated disease in a cat in 2019. The species 
was confirmed by culture and single nucleotide 
polymorphism analysis, the first diagnosis of 
MAH confirmed by gene analysis.2 
While MAH rarely causes disease in horses, a 
complete genome sequence of MAH was 
completed from the stomach contents of an 
equine abortion case in Japan in 2019.3 
 

Two typical acid-fast stains are Ziehl-Neelsen 
and Fite-Faraco, and Mycobacteria spp. exhibit 
“acid-fastness” due to the high mycolic acid 
content in their cell walls. All Mycobacterium 
spp. have this property, but a number of 
Actinomycetes also have mycolic acid in their cell 
walls and have some degree of acid-fastness. 
Notable bacteria include Nocardia spp, and 
Rhodococcus spp, which are also pathogens of 
veterinary concern. 
 
While not classified in MAC, Mycobacterium 
tuberculosis continues to be a problematic 
pathogen around the world. Noted historical 
figures Jane Austen, George Orwell, John Keats, 
Walt Whitman, Paul Gaugin, Frederic Chopin, 
several kings of France, and Florence Nightingale 
all suffered and died from tuberculosis. Even 
more recent figures, such as Ringo Starr 
experienced infection as a child and subsequently 
recovered. 
 
In 1882, Robert Koch, a Prussian physician, used 
a new staining method and used it on sputum of 
afflicted people. He was the first person to 
visualize the pathogen Mycobacterium 
tuberculosis. His research on human tuberculosis 
was the foundation of his development of the 
framework known as “Koch’s Postulates”, which 
criteria to establish a causal relationship between 
a microbe and a disease. Sir Bradford Hill built 
upon Koch’s Postulates and established 9 criteria 
for causation (Bradford Hill criteria) in 1965, 
which are debated, but often still applicable 
today. 
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CASE 2: 17-H43332 (4100929-00) 
 
Signalment: 4-year-old, male, castrated, 
Yorkshire terrier dog (Canis familiaris) 
 
History:  
This dog presented for evaluation of chronic (1 
year) right hind limb lameness that had recently 
become significantly worse – the dog was non-
weight bearing on the right hindlimb. 
Additionally, the dog became lame on the left 
hind limb and was having significant trouble 
walking. Radiographs revealed moth-eaten 
lucencies of the left ischium, left acetabulum, left 
and right distal femurs, fabellae, right proximal 
tibia, right patella, caudal aspect of both scapulae, 
and a suspected pathologic fracture of the right 
tibial tuberosity. A Blastomyces urine antigen test 
was negative. Bloodwork revealed a 
hyperglobulinemia (total protein: 9.8 g/dL) and a 
fine needle aspirate of bone was inconclusive. 
The dog was originally from Arizona and had 

since moved to Illinois approximately four years 
ago.  
 
Gross Pathology:  
Musculature of the right hind limb was generally 
and moderately reduced compared to the left hind 
limb (atrophy). The right stifle joint was swollen 
with crepitus palpated upon extension, contains a 
moderate amount of thick, tan, opaque material, 
and the joint capsule is mildly thickened, tan, and 
granular. The distal portion of the right lateral 
femoral condyle was freely moveable and jagged 
(pathologic fracture). The trochlear ridges and 
condyles of the right and left femur were 
irregularly raised, roughened, translucent 
(thinned), and easily cut by a scalpel blade. The 
left and right ischiatic tuberosities were 
asymmetrical with the surface being slightly 
expanded, roughened, irregular, thinned, and 
easily cut by a scalpel blade. The dorsal half of 
the right scapula was also mildly expanded, 
roughened, thinned, and easily cut by a scalpel 
blade.  
 

Radiography, dog:  Radiographs revealed moth-eaten 
lucencies of the left ischium, left acetabulum, left and right 
distal femurs, fabellae, right proximal tibia, right patella, 
caudal aspect of both scapulae, and a suspected pathologic 
fracture of the right tibial tuberosity. (Photo courtesy of: 
University of Illinois College of Veterinary Medicine, 
Veterinary Diagnostic Laboratory, 
http://vetmed.illinois.edu/vet-resources/veterinary-
diagnostic-laboratory/) 



The right popliteal and bilateral inguinal lymph 
nodes were markedly enlarged, firm, white, and 
granular on cut surface.  
 
The lungs were diffusely mottled red to pink, soft, 
and contained multiple, randomly scattered, 1-3 
mm diameter, white, semi-firm, nodules within 
all lung lobes. The pleural surface of the 
diaphragm, at the junction of the central tendon 
and muscle, contained several similar nodules. 
 
The nasal cavity and brain were unremarkable. 
 
Laboratory results:  
A portion of joint capsule was submitted for 
aerobic and myocology culture which returned a 
light growth of Coccidioides sp. and very rare 
growth of Pasteurella stomatis.  
 
The Coccidioides sp. isolate from mycology 
culture was identified by 18S rRNA gene 
sequencing with the top match being similar to C. 

posadasii (100%) but also with a very close 
homology to C. immitis (99%). 
 
Microscopic description:  
Bone (right femur and scapula): The medullary 
space is effaced and expanded by numerous 
coalescing nodules of mixed inflammation 
suspended in thin anastomosing bands of dense 
fibrous connective tissue. The inflammatory 
nodules comprise mostly epithelioid 
macrophages and rare neutrophils surrounded by 
a layer of lymphocytes and plasma cells and 
occasionally encapsulated by a thin band of 
fibrous connective tissue (granulomas).  The 
center of granulomas is occasionally replaced by 
granular to amorphous (necrotic) debris and often 
contain at least one discrete fungal spherule. The 
spherules are 20-60 um in diameter characterized 
by a smooth, 5 um thick, refractile and hyaline, 
double-contoured wall and contain granular 
basophilic material or rarely a few 5-7 um 
diameter endospores. The trabecular and cortical 
bone are markedly thinned and often obliterated 
by the inflammation. The thin trabeculae of 
remaining bone are usually smooth, occasionally 
scalloped, and rarely lined by small numbers of 
osteoclasts located within Howship’s lacunae. 
Within sections of the distal femur, the same 
inflammatory response obliterates the articular 
cartilage, extends into the joint space, and 
expands and effaces the synovium of the stifle 
joint. In the section of scapula, the inflammation 

Stifle, dog:  The right stifle joint was swollen with crepitus 
palpated upon extension, contains a moderate amount of 
thick, tan, opaque material, and the joint capsule is mildly 
thickened, tan, and granular. (Photo courtesy of: 
University of Illinois College of Veterinary Medicine, 
Veterinary Diagnostic Laboratory, 
http://vetmed.illinois.edu/vet-resources/veterinary-
diagnostic-laboratory/) 

Scapula, dog:  The dorsal half of the right scapula was also 
mildly expanded, roughened, thinned, and easily cut by a 
scalpel blade.  (Photo courtesy of: University of Illinois 
College of Veterinary Medicine, Veterinary Diagnostic 
Laboratory, http://vetmed.illinois.edu/vet-
resources/veterinary-diagnostic-laboratory/) 



multifocally obliterates the cortical bone and 
extends into the adjacent skeletal muscle. 
 
Contributor’s morphologic diagnosis: 
Bone (right femur and scapula): Severe, chronic, 
multifocal, granulomatous osteomyelitis, 
arthritis, and synovitis, with extensive boney lysis 
and intralesional fungal spherules (consistent 
with Coccidioides sp). 
 
Contributor’s comment: 
Coccidioides is a soil dwelling, dimorphic fungus 
that can cause systemic disease in a wide range of 
mammals, humans, and some reptiles.13 
Coccidioidomycosis is also known as San 
Joaquin Valley fever, valley fever, or desert fever 
and is endemic to semiarid regions of southern 
Arizona, California, New Mexico, Nevada, Utah, 
western Texas, northern Mexico, and Central and 
South America.6,11,12 Distinction between two 
different phylogenetic clades based on genetic 
analysis suggests that there are two different 
species that cause disease including Coccidioides 
immitis and Coccidioides posadasii, however the 
biological relevance of this genetic variability is 
unclear.3,5 
 
During periods of heavy rainfall, the dormant 
mycelium below the soil surface proliferates and 

extends to the surface where it produces infective 
spores (arthroconidia). When disturbed by animal 
activity, these infective arthroconidia are inhaled 
or, less commonly, come into contact with 
damaged skin, where only a few spores are 
required to initiate infection. After being inhaled, 
the arthrospores are phagocytosed in alveoli, 
which stimulates structural changes in the 
arthrospores to form into spherules. These 
spherules swell, undergo endosporulation, 
rupture, and release hundreds of endospores into 
the surrounding tissue. The newly released 
endospores mature into new spherules and the 
cycle is repeated within affected tissues.3,6,12 
 
Because of the fungal life cycle, dogs in endemic 
areas that spend more time outdoors, have more 
land to roam, and exposed to dusty environments 
are at increased risk of infection. Other risk 
factors in dogs include a younger age, being a 
large breed, and working or sporting activity.1,15 
Clinical infection is commonly localized to the 
pulmonary system and associated lymph nodes 
resulting in chronic respiratory disease. However, 
when endospores enter the lymphatics or blood, 
tropism for bones, joints, and less frequently 
heart, brain, eyes, testes, skin, spleen, liver, and 
kidney create a wide range of clinical signs that 
can complicate antemortem diagnosis.6 
Dissemination can occur early in the disease 
process or months after initial infection, with the 
most common clinical presentations being 
neurological signs or lameness due to 
osteomyelitis. Diagnosis often relies on multiple 

Bone, dog:  At subgross magnification, the medulla of this 
section of bone is markedly hypercellular and there is a 
definite loss of medullary bone.  (HE, 4X). 

Thoracic viscera in situe, dog:  The lungs were diffusely 
mottled red to pink, soft, and contained multiple, randomly 
scattered, 1-3 mm diameter, white, semi-firm, nodules 
within all lung lobes  (Photo courtesy of: University of 
Illinois College of Veterinary Medicine, Veterinary 
Diagnostic Laboratory, http://vetmed.illinois.edu/vet-
resources/veterinary-diagnostic-laboratory/) 



modalities including clinical suspicion based on 
physical exam, signalment, and history, routine 
bloodwork, radiographs, serology, and cytology 
or histopathology. Serological tests (including 
agar gel immunodiffusion, ELISA, and latex 
particle agglutination) can be specific, however 
they are typically insensitive and can produce 
false negative results.6,8 Detection of antigen in 
urine or serum is also an insensitive test for 
diagnosis in dogs.10 Therefore, cytological 
examination of trans-tracheal wash, 
bronchoalveolar lavage fluid, and fine needle 
aspirates and/or histopathological examination of 
affected tissues are often pursued to help provide 
a definitive diagnosis. Fungal culture is another 
diagnostic option; however, this procedure 
presents a hazard to laboratory personnel and 
should only be performed in properly equipped 
laboratories.6,8 
 
Contributing Institution: 
University of Illinois College of Veterinary 
Medicine, Veterinary Diagnostic Laboratory  
http://vetmed.illinois.edu/vet-
resources/veterinary-diagnostic-laboratory/ 
 
JPC diagnosis: 
Bone: Osteomyelitis, granulomatous, diffuse, 
severe, with marked bone lysis and numerous 

endosporulating spherules, Yorkshire terrier, 
canine. 
 
JPC comment: 
The first documented case of coccidioidomycosis 
was in 1892 in an Argentinian soldier who 
presented with skin lesions. While it resembled 
mycosis fungoides, this soldier’s lesions differed, 
and had rounded organisms at the center of 
lesions. Originally thought to be a protozoan, the 
name Coccidioides was given because of the 
similarities with coccidia. It wasn’t until 8 years 
later that it was reclassified as a fungus, but the 
name remained the same.2 
 
Coccidioides immitis and Coccidioides posadasii 
are indistinguishable via serology, they are 
morphologically identical, and their predicted 
proteins are >90% homologous. The largest 
factor for differentiating these two species is 
geography, with C. immitis found primarily in the 
desert regions of central and southern California, 
while C. posadasii is primarily found in desert 
regions of Nevada, Arizona, New Mexico, 
western Texas, Mexico, and Central and South 
America. There are significant genetic variations 
between the two species, allowing for 
differentiation.9 
 

Bone, dog:  The medulla is filled with innumerable macrophages, lymphocytes, and plasma cells, and scattered throughout are 
granulomas centered on 40-60um spherules with a thin hyaline wall and basophilic cytoplasm. (HE, 127X) 



While there are gaps in knowledge regarding 
virulence factors, it has been shown that deletion 
of the gene coding for the spherule outer wall 
glycoprotein decreases virulence significantly. 
Ammonia metabolism is important for virulence 
as well, and Coccidioides spp synthesize a urease 
and ureidoglycolate hydrolase, allowing for the 
alkalization of the local environment. 
Additionally, the gene encoding carbamoyl 
phosphate synthetase, CPS1, appears to be 
significant to virulence, as deletion of the gene 
resulted in slow spherule growth, lack of 
endosporulation, and was avirulent in 
immunocompromised mice.9 
 
The host response is multifactorial, but both 
innate and adaptive immune systems serve 
necessary functions of a successful response. Of 
the pattern recognition receptors (PRR), the most 
active in responding to the Coccidioides spp 
spherule wall are Toll-like receptors (TLR) and 
C-type lectin-like receptors (CLR). Specifically, 
the gene Clec7a encodes C-type receptor Dectin-
1, a b-glucan receptor that responds to fungal cell 
walls. Downstream from Dectin-1 is caspase 
recruitment domain-containing protein 9 (Card9), 
which is an immune adaptor protein that activates 
Th1 and Th17 immunity against Coccidioides spp 
infection.7 
 
The environment plays an important role in the 
ability of Coccidioides sp. to survive and 
proliferate. In areas with endemic 
Coccidioidomycosis, the soil has high levels of 
essential nutrients such as iron, calcium, and 
magnesium, regardless of soil pH. Animals 
carcasses may play an important role in the 
survival of this fungus as a medium for fungal 
growth, with isolates of Coccidioides sp. found 
around animal burrows, with no isolates found in 
areas with no animal activity.4 
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Bone, dog:  Higher magnification of a fungal 50um fungal 
spherule within the center of a granuloma. (HE, 400X) 



 
 
 
CASE 3: MSU Case#1 (4065133-00) 
 
Signalment: 3.5-year-old, male, white-tailed 
deer, Odocoileus virginianus 
 
History:  
This buck was harvested by a hunter during rifle 
season.  He submitted the deer for examination 
because of skin lesions. 
 
Gross Pathology:  
The skin over the muzzle, face, ears, and limbs 
had patchy areas of thickening, alopecia, and 
crusts. On cross-sections of affected skin, 
numerous round to elongate, pale, 2-5mm 
diameter nodules were visible. In addition, the 
subcutaneous tissues of the muzzle were diffusely 
swollen and edematous. 
 
Laboratory results:  
PCR testing for BVD on spleen was negative. 
PCR on pooled lung, liver and spleen for 
Epizootic Hemorrhagic Disease virus was 
negative. Immunohistochemical staining of obex 
and retropharyngeal lymph nodes for Chronic 
Wasting Disease prion protein was negative. 
 
Microscopic description:  
Sections of skin contained markedly ectatic hair 
follicles filled with myriads of cigar-shaped 
arthropod parasite adults, nymphs, larva and 
eggs. Adults measured 140-180µm long, 25-
40µm diameter, with 4 pairs of stubby legs, and 

contained striated muscles internally. Follicles 
exhibited loss of hair shafts, moderate 
hyperkeratosis, secondary bacterial colonization, 
with predominantly lymphoplasmacytic 
folliculitis. Some hair follicles had ruptured 
resulting in granulomatous to pyogranulomatous 
furunculosis associated with mites outside of the 
hair follicles. Overlying epidermis was 
moderately thickened, with rete peg formation, 
orthokeratotic hyperkeratosis, and variable 
amounts of serocellular crusting. The dermis was 
expanded by mixed lymphoplasmacytic, 
eosinophilic, and neutrophilic infiltrates. 
 
Contributor’s morphologic diagnosis: 
Skin: severe follicular ectasia, with 
lymphoplasmacytic folliculitis and 
granulomatous furunculosis, and numerous intra-
follicular arthropod mites consistent with 
Demodex sp. 
 
Contributor’s comment: 
Demodicosis is a fairly straightforward histologic 
diagnosis in most severely affected individuals in 
many different species of animal. The species of 
demodectic mite most commonly reported in 
white-tailed deer is Demodex odocoilei. Other 
species of deer known to be affected by this 
parasite include mule deer and black-tailed 
deer.3,5 European deer species including red deer, 
roe deer, Sambar deer and sika deer are reported 
to be infested with Demodex kutzeri.3 While the 
mites in this report are in the right size range 
reported for nymphs of Demodex odocoilei, no 
specific molecular identification was performed.3 

 
The degree of mite infestation in this case is 
impressive. While I have examined a number of 
deer cases with demodicosis, I have never 
encountered one with grossly visible ectatic 
follicles, although other authors have reported 
these nodules.5 I would estimate that there were 
several hundred organisms per infected hair 
follicle. One recent paper cites an estimate of 6.3 
mites per hair follicle. Another unusual feature 
was the grossly swollen edematous muzzle in this 
animal. My colleagues in the MI Department of 
Natural Resources have seen this several times 
and refer to this as the “Bullwinkle J. Moose 
Syndrome”, since the muzzle appears bulbous 
and swollen as naturally occurs in moose. I know 

Haired skin, white-tailed deer:  Hair follicles are markedly 
dilated, and the epithelium is mildly hyperplastic and 
hyperkeratotic. (HE, 5X) 



of no reported explanation for this syndrome, nor 
of its occurrence in any other mammalian species 
in association with demodicosis infestations. 
Possible pathogeneses may include secondary 
bacterial infection of the follicles and skin 
leading to a local bacterial toxin release, or 
follicular ectasia and granulomatous furunculosis 
leading to physical obstruction of lymphatic 
drainage causing secondary subcutaneous edema. 
 
The severe degree of pathology associated with 
this case is atypical for demodicosis. Therefore, 
we considered underlying immunosuppression as 
occurs in some cases of generalized canine 
demodicosis. However, fecal examination failed 
to reveal heavy gastrointestinal parasitism, 
examination of lymph nodes and lungs revealed 
no gross or microscopic evidence of bovine 
tuberculosis (endemic in MI deer), and testing for 
BVD, CWD and EHD were all negative. 
Furthermore, the deer was not in poor body 
condition. However, similar to previous reports, 
this deer was a male, was harvested in the fall and 
that time period coincides with breeding season 
and increases in hormones such as testosterone 
and cortisol, which may have increased this 
individual’s susceptibility to developing clinical 
demodicosis.5 
 
Contributing Institution: 
Department of Pathobiology 
College of Veterinary Medicine 
Michigan State University 
www.pathobiology.msu.ed 
 

 
JPC diagnosis: 
Haired skin: Follicular 
ectasia, diffuse, severe, 
with multifocal 

lymphohistiocytic 
dermatitis, folliculitis, 
and furunculosis, and 
myriad intrafollicular 
mite adults, nymphs, and 
eggs, white-tailed deer, 
cervid. 
 
JPC comment: 
During conference 
discussion, there was 

debate in how best to represent the processes 
taking place in this tissue. While the furunculosis 
was a granulomatous process, the dermatitis and 
folliculitis were of a predominately lymphocytic 
nature. It was also noted that some slides had 
focal sarcocysts in the subjacent musculature. 
 
The first reported case of Demodex sp. in the 
white-tailed deer was in the 1960’s, in Georgia, 
though speciation was not performed. However, 
a novel Demodex species of white-tailed deer was 
first described in detail in 1974, including 
detailed measurements, images of all life stages, 
and descriptions of several pathogenic 
manifestations of disease. This novel species was 
named Demodex odocoilei, and as previously 
described by the contributor, has been a common 
finding in white-tailed deer. This is one of a small 
subset of Demodex species that has been found 
invading local blood vessels.1,2 
 
While usually host-specific, species of Demodex 
have been found on different species, including 

Haired skin, white-tailed deer:  Dated hair follicles contain numerous cross sections of 
arthropod parasites. (HE, 66X) 

Haired skin, white-tailed deer:  Mites possess a think 
chitinous exoskeleton, jointed appendages (arrows), and 
skeletal muscle. (HE, 400X) 



Demodex kutzeri on white-tailed deer, and 
Demodex odocoilei in Columbian black-tailed 
deer (Odocoileus hemionus columbianus) and 
mule deer (Odocoileus hemionus hemionus). A 
third species of Demodex affecting white-tailed 
deer was detailed in 2013, with physical 
parameters and phylogenetic analysis 
distinguishing it from D. odocoilei. In cases with 
this new Demodex species, there were multiple 1-
2 cm tan cutaneous nodules on the head, legs, and 
lateral thorax and abdomen, but without alopecia. 
Histologically, nodules were determined to 
contain several hundreds to thousands of 
intrafollicular Demodex mites. There was mild 
perifollicular lymphocytic and histiocytic 
dermatitis, but significant inflammation was only 
present in cases of furunculosis.7 
 
Because Demodex spp are generally thought to be 
species-host specific, it is curious that we find 
Demodex species that exist on different host 
species. Phylogenetic analysis estimates that 
Demodex kutzeri from elk and D. folliculorum 
from humans had a common ancestor 
approximately 85 million years ago. This 
coincides with the divergence of the two host 
species, with their common ancestor diverging 
approximately 84 million years ago. However, 
when morphologically similar D. kutzeri from elk 
and mule deer were compared, they had 
extremely low levels of sequence divergence, 
suggesting a single species. However, elk and 
mule deer diverged from each other 
approximately 7 million years ago. Very few 
genetic sequences of Demodex have been 
completed, but in the future may help determine 
1) previously unknown species of Demodex, or 2) 
mechanisms by which they perform host-
switching.6 
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CASE 4: L16758 (4114759-00) 
 
Signalment: 16-year-old, female, serval 
(Leptailurus serval) 
 
History: 
The animal was presented to the Baton Rouge 
zoo’s veterinary hospital for recurrent hematuria, 
pollakiuria and intermittent anorexia. 
Interpretation of abdominal ultrasound revealed 
thickening of the urinary bladder wall (image 
capture was not available). Hematuria and pyuria 
were confirmed via free catch urinalysis, with 

Haired skin, white-tailed deer:  Follicles are ruptured, with 
a profound granulomatous response to liberated mites, 
hair shafts, and keratin debris. (HE, 93X) 



hematuria refractory to antimicrobial therapy. 
Due to persistent anorexia resulting in significant 
weight loss and an overall loss in the quality of 
life the serval was humanely euthanized. 
 
Gross Pathology: 
Approximately 80% of the urinary bladder body 
was transmurally expanded by a pale tan-to-red, 
multinodular, infiltrative, poorly demarcated 
neoplasm measuring 3.5 x 3.0 x 0.6cm. 
Abdominal adipose tissue was segmentally 
adhered to the ventral adventitial surface of the 
urinary bladder. The lumen of the urinary bladder 
was devoid of urine and no significant free fluid 
was observed in the peritoneal cavity. No 
evidence to support urinary obstruction (i.e. 
hydroureter and hydronephrosis) were observed. 
A yellow fluctuant paraovarian cyst measuring 
1.2 cm in diameter was present along the cranial 
pole of the right ovary. Kidneys were interpreted 
as within normal limits grossly. 
 
Laboratory results: 
A cytospin preparation of urine sediment (free 
catch) revealed 1-3 epithelial cells per high power 
field, some of which displayed moderate atypia 
including increased cytoplasmic basophilia, 
variable and increased nucleus:cytoplasm ratio, 
anisokaryosis, rare multinucleation, and 
prominent nucleoli. Serum biochemistry findings 
included hyperproteinemia with 
hyperglobulinemia, marginal azotemia, 
hyperphosphatemia, hyponatremia, 
hypochloremia, decreased NA:K ratio,  

 hyperkalemia, and hyperamylasemia. 
Significant urinalysis findings included 
inappropriately concentrated urine in the face of 
a clinically dehydrated animal, proteinuria, 
hematuria, and pyuria.  
 
Microscopic description: 
 Urinary bladder neoplasm: Arising from 
transitional urothelium, infiltrating the propria-
submucosa and muscularis, with extension into 
the adventitia and adjacent peritoneal adipose 
tissue is a raised, non-papillary, infiltrative, 
unencapsulated, moderately-to-densely cellular 
neoplasm. Neoplastic cells are composed of 
cuboidal-to-columnar epithelial cells arranged in 
acini, tubules, and trabeculae, which are 
supported by a moderate-to-dense fibrovascular 
stroma (desmoplasic/scirrhous response). 
Neoplastic cells have variably distinct cellular 

Serum Biochemistry 
Analyte Result Reference Interval 
Total protein 8.9 5.0-7.8 g/dL 
Globulins 5.2 1.7-4.7 g/dL 
Creatinine 14.2 0.8-3.4 mg/dL 
BUN 51 20-50 mg/dL 
Phosphorus 18.9 3.6-10.4 mg/dL 
Sodium 134 144-163 mEq/L 
Chloride 90 109-129 mEq/L 
NA:K ratio 23 26.4-44 
Potassium 5.9 3.5-5.5 mEq/L 
Amylase 1,424 243-1,049 U/L 
Urinalysis (free catch) 
Specific gravity 1.014 Dehydrated 
Protein 1+ 
Blood 3+ 
RBC 25-50 RBC/low power field 
WBC 1-3 WBC/low power field 

Urinary bladder, serval:  The wall of the urinary 
transmurally expanded by a pale tan-to-red, multinodular, 
exophytic, infiltrative, poorly demarcated neoplasm 
measuring 3.5 x 3.0 x 0.6cm. (Photo courtesy of: Boston 
University/NEIDL 620 Albany Street, Boston, MA, 02118). 

Urine cytospin, serval:  Epithelial cells display moderate 
atypia including cytoplasmic basophilia, variable and 
increased N/C ratio, anisokaryosis, rare multinucleation, 
and prominent nucleoli.  (Photo courtesy of: Boston 
University/NEIDL 620 Albany Street, Boston, MA, 02118). 



borders, a moderate amount of granular 
eosinophilic cytoplasm, round to oval nuclei with 
finely stippled chromatin, and 1-2 prominent 
centrally located magenta nucleoli. Anisocytosis 
and anisokaryosis are moderate, with 20 mitotic 
figures per 10 high powered fields. Neoplastic 
cells display strong cytoplasmic chromogenic 
immunoreactivity to cytokeratin AE1/AE3, with 
loss of cytokeratin 7 immunoreactivity when 
compared to neighboring surface transitional 
epithelium. Uroplakin III and cytokeratin 20 
antibodies were not available for evaluation. 
Large areas of mural necrosis are represented by 
lakes of amorphous hypereosinophilic cellular 
debris and are commonly admixed with foci of 
basophilic mineralization (dystrophic). Vascular 
invasion was not observed in the sections 
examined; however, multiple microscopic foci of 

pulmonary metastasis were observed expanding 
alveolar septa. 
 
Kidney (not depicted in submitted slide): The 
interstitium is expanded multifocally by mild 
fibrosis associated mild tubular degeneration and 
atrophy. Some tubules contain large clear spaces 
within the lumina (lipid casts). 
Lymphoplasmacytic and histiocytic 
inflammation surrounds these foci. Some tubules 
have ruptured resulting in the release of 
intraluminal lipid content into adjacent 
interstitium, associated with accumulation of 
lipid laden macrophages (lipogranulomatous 
inflammation). 
 
Contributor’s morphologic diagnosis: 
Urinary bladder: Urothelial carcinoma, non-
papillary, infiltrative, with pulmonary 
micrometastasis (not evident in submitted slide) 
 
Kidneys: Nephritis, tubulointerstitial, 
lipogranulomatous, with interstitial fibrosis, lipid 
casts, tubular degeneration and atrophy, mild, 
chronic 
 
Contributor’s comment: 
Urothelial carcinomas of the urinary bladder are 
classified as papillary or non-papillary and as 
infiltrating or non-infiltrating. Papillary tumors 
project into the lumen of the urinary bladder, 

Urinary bladder, serval:  The neoplastic mucosa is 
exophytic and papillary, and a moderately cellular 
neoplasms transmurally infiltrates the bladder wall. (HE, 
5X) 

Urinary bladder, serval:  Neoplastic cells replace the mucosa and are thrown into papillary projections. (HE, 120X) 



while non-papillary tumors often are either flat or 
fail to form a discrete exophytic mass. Infiltrating 
tumors are characterized by extension into the 
underlying substantia propria and muscularis, 
with occasional transmural involvement; 
meanwhile non-infiltrating tumors do not invade 
the substantia propria. Non-papillary infiltrative 
tumors are most likely to metastasize, followed 
by papillary infiltrative tumors. Metastasis is not 
likely with papillary non-infiltrative tumors. 
Non-papillary non-infiltrative tumors are 
synonymous with carcinomas in situ and are 
confined to the surface epithelium. Histologic 
features that may suggest an increased likelihood 
of metastasis include marked cellular atypia, 
prominent muscular invasion and/or 
desmoplastic response, and the presence of 
vascular invasion.4 Metastasis is most commonly 
reported to regional lymph nodes, lungs, and 
bones, but peritoneal and cutaneous implantation 
have been documented. 
 
Urothelial carcinoma represents the most 
common urinary bladder neoplasm of both cats 
and dogs with similar reported frequencies. In 
dogs, females are overrepresented with up to a 2:1 
ratio reported in multiple studies.7 Additionally, 
neutered dogs, independent of sex, are more 
commonly affected than intact dogs.6 In cats, this 
predilection for neutered animals has not been 

consistently observed and one study identified 
male cats to be at an increased risk when 
compared to female cats. Several breed 
dispositions have been identified, including 
Scottish Terriers, Airedales, Shetland Sheepdogs, 
Beagles, Collies, Wire Hair Fox Terriers, and 
West Highland White Terriers4,6, meanwhile no 
breed predilection has been identified in domestic 
cats. Risk factors for development of urinary 
bladder urothelial carcinoma are best described in 
dogs, which include exposure to topical 
insecticides, obesity, and administration of 
cyclophosphamide; meanwhile second hand 
smoke has not been proven to represent a risk 
factor as is reported in humans.2,6 In cattle, 
spontaneous tumor development of the urinary 
bladder is uncommon; however, up to 25% of 
animals known to graze pasture rich in bracken 
fern have been reported to develop urinary 
bladder tumors including urothelial carcinoma.8 
Bracken fern contains ptaquiloside, a known 
carcinogen, which is believed to act 
synergistically with Bovine papillomavirus type-
2 (BPV-2) to cause neoplastic transformation. 
 
Initially this animal was presumed to be suffering 
from chronic recurrent bacterial cystitis, as 
hematuria was initially responsive to 
antimicrobial treatment. Hematuria ultimately 
became refractory to treatment and ancillary 

Urinary bladder, serval:  Within the bladder wall, neoplastic cells form nests and occasional glands on a moderate fibrous 
stroma (HE, 340X) 



diagnostics were pursued (i.e. ultrasound and 
urine sediment interpretation). Interpretation of 
these diagnostics placed urothelial carcinoma as 
the top differential. Serum biochemistry findings 
were in part attributed to the clinically 
appreciated dehydration, manifesting as pre-renal 
disease (i.e. azotemia, hyperphosphatemia). The 
immediate cause of the hyperkalemia, 
hyponatremia and hypochloremia were unknown, 
as the animal clinically had no history of 
vomiting or diarrhea in the face of dehydration. 
Although the collective electrolyte abnormalities 
(i.e. hyperkalemia, hyponatremia, and 
hypochloremia) were highly suggestive of urine 
and blood equilibration through the peritoneum 
(i.e. uroperitoneum), no appreciable free 
abdominal fluid was identified at the time of 
necropsy. If free fluid was present in the 
peritoneum at the time of necropsy, ascitic 
fluid levels of creatinine would have been 
expected to be markedly higher than those in the 
blood. In the absence of discrete abdominal fluid 
and an alternative explanation, we propose that 
adventitial plugging of the urinary bladder by 
adipose tissue resulted in a slow, controlled, and 
chronic release of urine into the abdomen that 
was able to equilibrate at a rate where 
accumulation of fluid was no appreciable at 
necropsy. Inadequate urine concentrating 
capacity in the face of dehydration (urine specific 
gravity of 1.014; expect ≥ 1.035 in a dehydrated 
feline) supports concomitant renal disease, which 
is believed to have played a contributory role in 
the electrolyte disturbances and azotemia 

observed in this case. Lipogranulomatous 
inflammation has been documented in domestic 
cats after various types of renal insults such as 
experimental ischemia reperfusion injury and 
nephrotoxicity. Tubular injury and tubulorhexis 
can lead to release of intraepithelial lipid into the 
interstitium, which incites a granulomatous 
inflammatory response. This inflammation can 
then perpetuate further renal injury by expansion 
of the interstitium and compression of the 
peritubular capillaries.9 Planet Earth, Season 2, 
Grasslands showcases the serval in its natural 
habitat. 
 
Contributing Institution: 
Boston University/NEIDL 620 Albany Street, 
Boston, MA, 02118 
 
JPC diagnosis: 
Urinary bladder: Urothelial (transitional) cell 
carcinoma, serval, feline.   
 
JPC comment: 
During conference discussion, it was noted that 
different sections had different predominant 
patterns, including features of non-papillary, 
infiltrative, or papillary, infiltrative. 
 
While not all urothelial carcinomas share a 
common cause, approximately 80% of canine 
urothelial carcinomas are associated with 
mutation in the BRAF V595E allele. This allele in 
dogs is homologous to BRAF V600E mutation in 
humans, which is found in approximately 50% of 
human melanomas.10 Point of care tests are 
currently performed on voided urine, and one 
successful method is the digital droplet PCR test 
(ddPCR). Even though approximately 20% of 
canine cases of urothelial carcinoma do not 
possess the mutation, the ddPCR test has a 
sensitivity around 80%.5 
 
While the BRAF mutation testing is not available 
for cats yet, additional work has been performed 
to characterize the expression of cyclo-oxygenase 
1 (COX-1), cyclo-oxygenase 2 (COX-2), 
lipoxygenase 5 (LOX-5), and human epidermal 
growth factor receptor 2 (HER2). A small study 
of feline urothelial carcinomas showed that most 
expressed COX-1 and COX-2, and that the 

Urinary bladder:  Neoplastic cells demonstrate strong 
cytokeratin cytoplasmic immunoreactivity (anti AE1/AE3, 
40X) 



neoplasms responded to the COX inhibitor 
meloxicam, with increased mean survival times.  
 
LOX-5 over-expression has been linked to human 
neoplasia, including prostatic, renal, and bladder 
cancer. LOX-5 has a pro-inflammatory effect, 
activated by nF-KB, and leading to sustained 
angiogenesis through induction of VEGF, cell 
migration, invasion, and resistance to apoptosis 
by inhibition of caspase 3. An investigation into 
canine urothelial carcinomas showed that 95% of 
tumors expressed LOX-5. Additionally, canine 
urothelial carcinomas also express COX-2, which 
is generally not expressed in normal canine 
bladder urothelium.1 
 
Increased receptor tyrosine kinase HER2 activity 
has been shown in a subset of human breast 
cancers, as is a recent target of interest for canine 
urothelial carcinomas. While increased HER2 
expression correlates with a poorer prognosis, no 
correlations between HER2 expression and age, 
sex, sexual status, tumor size, tumor T stage, 
lymph node involvement, distant metastasis, or 
recurrence in canine urothelial carcinomas. 
However, there was increasing HER2 expression 
across groups, from polypoid cystitis, to grade 1 
carcinoma, to grade 2 carcinoma. Grade 3 
urothelial carcinomas had decreased HER2 
expression than in grades 1 and 2, which may 
represent dedifferentiation of neoplastic cells and 
may be analogous to the loss of uroplakin III 
expression in grade 3 urothelial carcinomas.11 
The UPII-SV40T strain of transgenic mice are a 
model for urothelial carcinoma, as they develop 
invasive urothelial tumors due to expression of 
Simian virus large T antigen (Tag). Most often, 
these tumors are classified as high grade, invasive 
carcinomas by 40 weeks of age. The 
chemopreventive, licofelone, is a dual COX-2 
and LOX-5 inhibitor, which has been shown to 
prevent human colon, lung, and prostate cancers. 
Mice fed licofelone developed fewer invasive, 
and fewer high-grade urothelial carcinomas, and 
may represent a future treatment for other 
species.3 
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1.  Who was the first person to visualize Mycobacterium tuberculosis? 
a. Rudy Virchow 
b. Bobby Koch 
c. “Louie Louie” Pasteur 
d. “Big Willie” Osler 

 
2. Which of the following has been associated with Mycobacterium avium subsp hominissuis 

infection  ? 
a. Equine abortion 
b. Fish die-offs 
c. Porcine enteritis and wasing 
d. Human lymphadenitis 

 
3. Which of the following is the best differentiating factor between Coccidioides immitis and  

Coccidioides posadasii? 
a. Geographic location 
b. Morphology 
c. Serology 
d. Protein homology 

 
4. True or false? Non-infiltrating papillary urothelial carcinomas are associated with a high rate of 

metastasis. 
a. True 
b. False 

 
5. What percentage of canine urothelial carcinoma are associated with mutations in the BRAF 

V595E allelle? 
a. 100% 
b. 80% 
c. 50% 
d. 0% - that is a human allele. 

 

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 2020-2021 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 1: S1808480 (4135076-00) 
 
Signalment: A 12-week-old, female raccoon 
(Procyon lotor) 
 
History: Raccoon presented with a history of 
progressive illness and diarrhea. 
 
Gross Pathology: 
The carcass was in fair nutritional condition, with 
a small amount of fat reserves, but still well 
fleshed. Bilaterally, the lungs were diffusely, 
moderately wet and had increased firmness, with 
multifocal to coalescing, whitish/cream-colored 
discoloration. The lumen of the distal portion of 
the trachea and main bronchi contained soft to 
friable, yellowish material. The perianal region 
and fur were matted with yellowish fecal 
material. Minimal contents were found in the 
small intestine, and the large intestine contained 
small amounts of yellowish-greenish pasty 
contents. 
 
Laboratory results: 
Cryptosporidium sp. was detected by PCR 
targeting the 18S rRNA gene on mucosal scrapes 
of the small intestine of this raccoon. The 
sequenced amplicon clustered with the 
Cryptosporidium skunk genotype. We also 
performed additional fecal analysis using special 
stains (modified acid fast) which showed rare 
numbers of Cryptosporidium spp. ELISA was 

performed on small intestine contents being also 
positive for Cryptosporidium spp. Transmission 
electron microscopy also demonstrated small 
rounded protozoa compatible with 
Cryptosporidium spp. No parasite eggs were 
detected in feces via fecal flotation. 
 
CDV immunohistochemistry in lung and 
intestinal tissue was positive. Canine parvovirus 
immunohistochemistry was negative on intestine 
tissue. 
 
Additional tests performed on this case include a 
negative rabies test, and moderate numbers of 
Escherichia coli isolated from lung tissue. 
 
Microscopic description: 
There is diffuse atrophy of the intestinal mucosa 
(villus atrophy) and multifocal infiltration of 

Intestine, raccoon.  Four sections of mildly autolytic 
intestine are submitted for examination. Villi are markedly 
shortened in all sections.  (HE, 5X) 



eosinophils in the lamina propria. Lining the 
apical portions of the intestinal epithelium are 
multiple, 5-10 um round, heterogeneously 
basophilic structures (morphology compatible 
with Cryptosporidium sp.). There is multifocal 
necrosis of crypt epithelium, while in other areas 
crypts appear multifocally dilated and lined by 
attenuated epithelium. These dilated crypts often 
contain sloughed epithelial cells, cell debris, and 
a small number of neutrophils in crypt lumina.  
 
Contributor’s morphologic diagnosis: 
Small intestine: Enteritis, necrotizing, with villus 
atrophy, crypt necrosis and intralesional 
cryptosporidia, raccoon (Procyon lotor) 
 
Other morphological diagnoses (not present in 
slide): Bronchointerstitial pneumonia, diffuse, 
marked, with intracytoplasmic and intranuclear 
inclusion bodies (compatible with infection by 
canine distemper virus); splenic lymphoid 
depletion, mild to moderate. 
 
Contributor’s comment: 
Cryptosporidiosis is a protozoal disease of public 
health importance, caused by Cryptosporidium 
spp., a group of apicomplexan parasites that 
cause intestinal disease and are found in several 
vertebrate species including mammals, reptiles, 
birds and humans. Due to habitat encroachment 

from urbanization of forested land, wildlife 
species are coming into contact with human 
pathogens and becoming accidental carriers. 
Because of this, there is an interest in determining 
the carrier status of synantropic wildlife (species 
co-habiting in urbanized land), such as raccoons 
for human pathogens. 
 
Raccoons may play a possible role in 
contaminating the environment, including urban 
areas and ecosystems, with pathogens of zoonotic 
relevance such as Cryptosporidium spp. and 
microsporidia (Enterocytozoon sp. and 
Encephalitozoon sp.), being either carried by 
these animals or acquired by interaction with 
other wildlife.  
 
Cryptosporidium skunk genotype 
 
Until recently, it was thought that 
Cryptosporidium spp. showed a strong host-
adaptation and thus wildlife infections did not 
appear to pose a risk to human health. This 
thought becomes evident in the taxonomy of 
Cryptosporidium species, where many are still 
named after their host and are still referred to as 
‘host adapted’. Nevertheless, recent evidence 
suggests that some wildlife adapted genotypes are 
capable of inducing intestinal disease in 
humans,17 which is a concern especially in areas 

Intestine, raccoon.  Numerous Cryptosporidium sp. schizonts and gamonts line the atrophic villi.  (HE, 400X) 



where numerous host species commingle and 
share resources which turn into common 
infection sources (e.g. contaminated water). 
 
Multi-locus genetic characterization indicate that 
host adaptation is a general phenomenon of 
Cryptosporidium as specific genotypes tend to be 
detected in similar groups of animals.24 These 
studies have also detected an extensive genetic 
diversity within Cryptosporidium which may 
suggest that host-parasite co-evolution may 
contribute to the genetic heterogeneity 
observed.24 Currently, there are 20 valid species 
recognized for Cryptosporidium. The majority of 
human infections are caused by Cryptosporidium 
hominis or Cryptosporidium parvum, but 
Cryptosporidium meleagridis, Cryptosporidium 
felis, Cryptosporidium canis, Cryptosporidium 
suis, Cryptosporidium muris, Cryptosporidium 
andersoni, Cryptosporidium hominis monkey 
genotype, cervine genotype, and the chipmunk 
genotype I have also been detected. 
 
Multiple studies in the early 2000s found that in 
Europe the C. parvum bovine genotype was the 
main cause of human infections instead of C. 
parvum human genotype.2,10 The human 
genotype is still the main cause of infections in 
humans elsewhere in the world, but this finding 
justifies the investigation of other genotypes as 
causative agents of human diarrheal disease. 
Raccoons are infected by the skunk genotype, 
which was thought to only be found in wild or zoo 
animals.21,24 The skunk, rabbit and horse 
genotypes were found in three separate cases of 
human diarrhea in the UK.17 Other known hosts 
for the Cryptosporidium skunk genotype include 

the Eastern gray, American red and fox squirrels, 
river otters, and striped skunks in the USA.22,25  
 
Distemper and raccoons 
 
Distemper is caused by the canine distemper 
virus (CDV) of the genus Morbillivirus, family 
Paramyxoviridae, a virus spread by body 
excretions and secretions (urine), an important 
pathogen with a fatality rate only overtaken by 
rabies in domestic dogs.23 CDV is capable of 
inducing virulent disease in a range of mammals, 
particularly in juveniles. If animals overcome the 
infection, they can develop lifelong immunity or 
die within a short time post-infection (20-120 
days).1 Natural and vaccine-induced infections 
have been reported in all families of terrestrial 
carnivores and also in free-ranging felids where 
the virus has recently caused large-scale 
epidemics.3,19 
 
Clinical signs include diarrhea, dyspnea, 
neurological signs and profound 
immunosuppression.4 There are regular 
epidemics in free-ranging raccoons in the U.S., 
indicating that the infection is endemic in some 
North American raccoon populations, playing a 
role in the distemper epidemiology in domestic 
dogs and non-domestic zoo populations.  
 
As mammals, all procyonids are susceptible to 
natural CDV infections, resulting in multiple 
records of natural CDV infections in raccoons 
and vaccine-induced infections in kinkajous 
(Potos flavus).6,11,12,13,18,20 Clinical presentation in 
procyonids is presumed to be similar to that of 
domestic dogs, including cystitis with pyuria,16 as 
well as diarrhea, dyspnea, and profound 
immunosuppression.4 Raccoons can develop 
neurological signs and become icteric.12 It is 
possible that the profound immunosuppression 
caused by CDV makes raccoons (especially 
young individuals) vulnerable to be colonized by 
moderate to large numbers of cryptosporidia, and 
exacerbates gastrointestinal signs.  
 
Changes to the crypts similar to those observed in 
this case are highly suggestive of canine 
parvovirus. However, testing for this virus was 
negative. It is possible that these changes were 
produced by Cryptosporidium infection as 

Intestine, raccoon.  Multifocally, crypts are ectatic, lined by 
attenuated epithelium and contain degenerate epithelium 
admixed with cellular debris (crypt abscesses) (HE, 350X) 



previously reported.8 It is also possible that the 
crypt changes were associated with concomitant 
distemper virus infection.7 
 
Contributing Institution: 
California Animal Health and Food Safety 
Laboratory, UC Davis, San Bernardino branch. 
https://cahfs.vetmed.ucdavis.edu/locations/san-
bernardino-lab 
 
JPC diagnosis: 

1. Intestine: Villar blunting, diffuse, severe, 
with mild eosinophilic enteritis and 
numerous epithelial-associated 
apicomplexan schizonts and gamonts, 
raccoon, procyonid. 

2. Intestine: Enteritis, necrotizing, 
multifocal, mild, with multifocal crypt 
abscesses. 

 
JPC comment: 
During the conference, there was debate about 
what cellular components are required to 
designate something a "crypt abscess." The 
literature varies between human pathology and 
veterinary pathology, and the standard 

terminology does not 
transfer between 
disciplines seamlessly. 
In human pathology, a 
neutrophilic component 
is required to be present 
to form a crypt abscess, 
while in veterinary 
pathology it may be 
composed of sloughed 
and necrotic cells 
without neutrophils. 
While the debate 
focused on terminology, 
the most important 
aspect of this topic is 
proper identification of 
neutrophils when 
present in order to more 
correctly identify the 
pathologic process. 
 
Cryptosporidiosis has 
been documented in 
mammals, birds, 

reptiles, fish, and other species. In coccidia, the 
whole life cycle is completed in a single host. 
While the lifecycle and life stages help classify 
coccidia from other apicomplexans, there are 
ultrastructural features that provide more specific 
classification. Visible structures in 
apicomplexans include a conoid, rhoptries, and 
micronemes.5 
 
In 1993, in Milwaukee, Michigan, spring 
snowmelt and rainwater raised the water level of 
the Menomonee and Kinnickinnic rivers as they 
fed the Milwaukee, ultimately dumping into Lake 
Michigan. The public drinking water of 
Milwaukee came from Lake Michigan and was 
processed according to federal water treatment 
guidelines and testing. Unfortunately, the largest 
concern of the time was bacterial pathogens, and 
large amounts of chlorine was assumed to be 
sufficient treatment. Unfortunately, the increased 
water flow had carried Cryptosporidium oocysts 
into Lake Michigan, through the treatment 
facilities, and to the faucets of residents. 
Ultimately, new tests using ELISA and 
fluorescent antibodies were used to find oocysts 
in the drinking water. Following the resolution of 

Intestine, raccoon.  TEM demonstrates spherical cryptosporidia (arrows) intimately associated 
(intracellular, extracytoplasmic) with enterocytes. (Image courtesy of : California Animal Health 
and Food Safety Laboratory, UC Davis, San Bernardino branch. 
https://cahfs.vetmed.ucdavis.edu/locations/san-bernardino-lab) 



this outbreak, it was estimated that approximately 
400,000 people had fallen ill, with about 4000 
hospitalized, and more than 100 people had died, 
making this the largest waterborne outbreak of 
disease in the United States at the time.14 
 
In a study of Cryptosporidium outbreaks in 
human populations from 2009-2017, there were 
444 outbreaks recorded, across 40 states and 
Puerto Rico. The two most implicated risks 
included exposure to treated recreational water 
(pools, water playgrounds, and similar) in 35% of 
cases, and contact with cattle in nearly 15% of 
cases.9 
 
While apicomplexans cause significant disease in 
terrestrial animals most often, there are marine 
animals that exist with a more symbiotic 
relationship with these parasites. Research on the 
shipworm, a marine mollusk that burrows in and 
eats submerged wood, gastrointestinal tract 
revealed no microbial flora. Intracellular bacteria 
in the gills of the clam produce cellulolytic 
enzymes necessary for digestion of wood, but 
also plays a role in maintaining a sterile gut 
environment. A compound called tartrolon E 
(trtE) was isolated and found to have broad anti-
apicomplexan activity in vitro, including in vivo 
efficacy against Cryptosporidium parvum in 
neonatal mice. This may represent the basis for a 
new therapy for this common disease across the 
world.15 
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CASE 2: M17-18662 (4118631-00) 
 
Signalment: 12-14 weeks old, unknown gender 
and breed, pig (Sus scrofa domesticus) 
 
History: 
This piggery had 33 breeding sows, several boars, 
including three introductions within the last 12 
months, and home-bred piglets, weaners and 
growers. Under temporary new management 
approximately 50 weaners had died in the past 6 
months, following intermittent bouts of 
inappetence, diarrhoea, lethargy and wasting. 
Sows were up to date with vaccinations for 
erysipelas, leptospirosis and parvovirus, and all 
animals were being fed age-appropriate 
commercial feed. The property had issues with 
rodent control and flooding in the weaner shed. 
Samples were submitted from weaners, including 
one dead (pig 1) and two euthanized (pigs 2 & 3), 
that had diarrhoeic faeces containing undigested 
feed, and were weak and wasted. 
 
Gross Pathology: 
The small and large intestines in all three weaners 
were grossly thickened and were lined by 
diphtheritic membranes in pig 3. 
 
Laboratory results: 
PCR of faeces (pigs 1 and 2) was positive for 
Lawsonia intracellularis (LI) and Brachyspira 
pilosicoli. Samples submitted between pigs 1 and 
2 were selective salmonella culture was negative, 
PCR was negative for Brachyspira 
hyodysenteriae, porcine delta coronavirus 

Cecum and colon, pig.  There is segmental thickening of the 
large intestine.  (Photo courtesy of: State Veterinary 
Diagnostic Laboratory (SVDL), Elizabeth Macarthur 
Agricultural Institute, New South Wales, Australia). 



(PDCoV), porcine epidemic diarrhoea virus 
(PEDV), transmissible gastroenteritis virus 
(TGE), porcine respiratory coronaviruses, bovine 
viral diarrhoea virus (BVDV), classical swine 
fever (CSF) and African swine fever (ASF), and 
general mammalian virus isolation did not show 
any cytopathic effect. Blood was porcine 
circovirus 2 (PCV2) rt-PCR low positive at a 
level that was not consistent with porcine 
circovirus associated disease (PCVAD). 
 
Microscopic description: 
One unlabelled short segment of intestine was 
examined (pig 3). Differentiation between distal 
ileum, caecum and colon is difficult due to 
extensive pathology present.  
 
The mucosa is diffusely markedly thickened by 
pseudo-stratified, crowded and mitotically active 
crypt epithelium, with plump, vesiculated nuclei. 
Multifocally, villous tips are moderately to 
severely blunted and fused, or replaced by thick 
bands of cellular and karyorrhectic debris 
(necrosis), admixed with granular, lightly 
basophilic material (bacterial colonies), moderate 
infiltrations of lymphocytes, plasma cells, 
neutrophils and fewer eosinophils, and moderate 

amounts of hypereosinophilic, fibrillar material 
(fibrin). The mucosa is concurrently expanded by 
clear space (edema) and mild lymphoplasmacytic 
proprial infiltrates. Crypt lumens are often 
expanded by mucinous material and cellular 
debris (cryptitis). Foci of adenomatous 
epithelium sometimes herniate into depleted 
germinal centres of gut associated lymphoid 
follicles (Peyer’s patches). Variably between 
sections there are numerous intraluminal, or 
occasionally proprially invasive, large (30-54 x 
36-76 um), rounded, ciliated protozoa, with a 
paracentral macronucleus (consistent with 
Balantidium coli trophozoites).  
 
Histochemical stains: Warthin-Starry Silver stain 
reveals large numbers of short, comma-shaped, 
argyrophilic bacteria, clustered apically within 
enterocytes, free within crypt lumens and 
occasionally within B. coli trophozoites 
(consistent with L. intracellularis).  
 
Immunohistochemistry (IHC): L. intracellularis: 
There was strong intracellular immunoreactivity 
at the apical margin of epithelial cells, and to a 

Cecum and colon, pig.  There is a fibrinonecrotic lining of 
the affected segments of intestine.  (Photo courtesy of: 
State Veterinary Diagnostic Laboratory (SVDL), Elizabeth 
Macarthur Agricultural Institute, New South Wales, 
Australia). 

Cecum and colon, pig.  On cross section, the marked 
mucosal proliferation markedly impinges on the lumen.  
(Photo courtesy of: State Veterinary Diagnostic Laboratory 
(SVDL), Elizabeth Macarthur Agricultural Institute, New 
South Wales, Australia). 



lesser extent within small numbers of 
macrophages in the lamina propria. B. pilosicoli 
and PCV2: There was no significant 
immunoreactivity within examined sections. 
 
Contributor’s morphologic diagnosis: 
Intestine: enteritis, proliferative and 
fibrinonecrotizing, diffuse, severe, chronic, with 
lymphoid depletion and crypt herniation, 
cryptitis, intraepithelial, argyrophilic bacteria, 
aetiology consistent with L. intracellularis, and 
intralesional ciliated protozoal organisms, pig 
(Sus scrofa domesticus) 
 
Contributor comments: Investigating the pri-
mary cause of diarrhoea and wasting in growing 

pigs is complicated by mixed infections, as in this 
case, where histopathology was used to diagnose 
porcine proliferative enteropathy (PPE), caused 
by LI, with background B. pilosicoli and PCV-2 
infections.  
 
LI is an obligate intracellular, microaerophilic, 
non-flagellated, non-spore forming, gram-
negative, curved or S-shaped rod bacterium.10,20-
22 LI can infect a range of species including swine 
and foals, and less commonly donkeys, deer, 
sheep, rodents (e.g. guinea pigs, hamsters, mice, 
rats), rabbits, foxes, dogs, ferrets, emus, ostriches 
and non-human primates.21,22 
 
The two main clinical manifestations of LI 
infection in pigs are porcine intestinal 
adenomatosis (PIA) and porcine haemorrhagic 
enteropathy (PHE). PIA is most common in post-
weaning animals aged 2-5 months, and can 
progress to necrotic enteritis (NE), usually 
involving superimposed secondary bacterial 
infections, and then regional ileitis (RI) if the 
animal recovers from NE.6,10,20-22 PHE is acute 
and most common in finishing pigs, young gilts 
and boars, typically 4-12 months of age, 
especially when naïve animals are introduced to 
a site of endemic LI infection.6,22 Clinical signs of 

Cecum and colon, pig.  There is marked hyperplasia of the 
mucosa, which is thrown into rugose folds.  (HE, 5X) 

Cecum and colon, pig.  The mucosa contains numerous hyperplastic glands lined by pseudostratified poorly differentiated 
columnar epithelium.  Glands contain several mitotic figures and no goblet cells.  There is expansion of the lamina propria with 
lymphocytes, macrophages, and multifocal hemorrhage and a large area of necrosis (far left).  (HE, 100X). 



PIA vary from subclinical infection, to reduced 
growth rate with capricious appetite, to persistent 
diarrhoea, wasting and mortality,18,20,21 with 
mortality rates usually being low and most often 
a consequence of secondary bacterial infections.6 
Main differential diagnoses include brachyspiral 
colitis, salmonellosis, colibacillosis, Clostridium 
perfringens type C, yersiniosis, coronaviruses 
and porcine circovirus-associated disease 
(PCVAD).9,17,19,22 PHE is associated with acute to 
subacute intestinal haemorrhage, which may 
manifest as melena or haematochezia, weakness 
and pallor, or rapid death associated with 
exsanguination, with mortality rates reaching up 
to 50%.6,20-22 The main differential diagnoses 
include swine dysentery (B. hyodysenteriae, B. 
hampsonii, and B. suanatina), salmonellosis, 
gastric ulcers and haemorrhagic bowel syndrome, 
which is often attributed to intestinal volvulus.22 
 
Macroscopic lesions in PPE are most common in 
the terminal ileum and also occur in the cecum 
and colon.20,21 Rarely infection may be restricted 
to the large intestine.8 Gross lesions consist of 
ridges or plaque-like thickened areas that project 
above the normal mucosa and on the serosal 
surface the hyperplastic mucosa and edematous 
submucosa forms a reticular or cerebriform 
pattern of projections, which is virtually 
pathognomonic.20-22 In NE there is more 
extensive mucosal necrosis, often with 
diphtheritic membranes and luminal fibrin 
casts.9,20-22 PHE is characterised by overt or 
discrete areas of haemorrhage and ulceration, 
most common in the ileum.20,21 
 
Following oral inoculation LI remains viable 
during passage through the stomach by utilizing 
systems that maintain pH homeostasis,22 and 

within 12 hours can be demonstrated in mature 
villous tip enterocytes.3,22 Within 5 days post 
inoculation the crypt epithelium becomes 
infested.3,22 The reasons for its bias for the ileum 
are unknown, but it may relate to specific 
receptors, a favourable physiological 
environment, or mechanical reasons such as gut 
transit time.22 Virulence factors associated with 
adhesion and entry have not been fully 
characterised, however the process is most likely 
dependent on host cell activity,22 and probably 
involves a type 3 secretion system (T3SS), the 
genes for which are present in porcine LI 
isolates.22 
 
There have been several proposed mechanisms of 
LI intracellular survival, including a Salmonella 
pathogenicity island 2 (SPI2)-related operon 
which may enable escape from endosome into 
cytosol, a sophisticated oxidative protection 
mechanism, and an ATP/ADP translocase used to 
exchange bacterial ADP for host cell ATP, thus 
exploiting the hosts energy pools.15,22 Following 
vacuolar escape LI replicates in apical cytoplasm 
by binary fission, a process thought only to occur 
in actively dividing cells.22 LI induces enterocyte 
proliferation,22 although the exact host cell 
upstream cellular pathways leading to PE are 
unknown,1,5 proposed mechanisms include the 
production of a cyclomodulin,22 and 
simultaneous induction of Notch-1 signalling and 
attenuation of beta-catenin/Wnt pathways.5 The 
latter may also be responsible for inhibiting the 
maturation of goblet cells,5 which have also been 
shown to express lower levels of mucin ‘MUC2’ 
with LI infection, possibly altering the mucus 
barrier and helping to facilitate cellular invasion.1 
Eventually LI extrudes out of host cells or is 
released following apoptosis, then either 
infecting new enterocytes via the gut lumen, 
proprial ECM or possibly macrophages, or being 
shed in feces.3,6,8,19,20,22 
 
The diarrhea observed in PPE is most likely due 
to loss of functional mucosal surface area, 
whereas wasting most likely relates to protein-
losing enteropathy.14,21,22 As the mucosal 
thickening in PIA becomes more extensive there 
is coagulative necrosis of the mucosa, allowing 
for colonization by pathogenic anaerobic large 
bowel flora and the formation of diphtheritic 

Cecum and colon, pig.  There are crypt abscesses deep in 
the mucosa.  (HE, 400X) 



membranes and fibrin casts.21 It is unclear if 
development of PHE relates to the host, 
infectious dose, virulence of the infecting strain 
and/or other coinfections.6 Experimental 
infection of gnotobiotic pigs has shown that PPE 
will not occur without undefined interactions 
with other gut bacteria, such as pathogenic E. coli 
and Salmonella sp.21,22 
 
As in this case, multiple potential pathogens may 
occur in the same animals, and the relationships 
between PPE and other diseases are often 
complex, with LI causing alterations in the 
composition of the gut microbiome, and either 
directly or indirectly increasing the likelihood of 
coinfection with some pathogens such as 
Salmonella enterica, and decreasing the 
likelihood of others, such as PCV2.6,12,17 
Although B. pilosicoli was identified by PCR in 
this case, clinical signs and gross changes were 
not suggestive of porcine intestinal spirochetosis, 
which typically presents as a watery to mucoid 
diarrhea associated with typhlocolitis.13,21 
Histologic changes in this case were consist with 
LI, and not with B. pilosicoli which causes goblet 
cell hyperplasia, with organisms often forming a 
‘false brush border’ of palisading upright bacteria 
perpendicular to enterocytes, or being observed 
within colonic crypts and goblet cells.21 A 
flagellated protozoan, consistent with 
Balantidium coli, was also observed in this case. 
B. coli is a facultative pathogen of the intestinal 
lumen, usually associated with subclinical 
infection.16 Following injury to the intestinal wall 
trophozoites may penetrate into the mucosa, 
usually in the cecum and colon, causing diarrhea, 
hematochezia and tenesmus.16,21 In one study LI 
was identified in small numbers inside B. coli 
trophozoites in PPE cases.7 
 
PIA does not usually feature a prominent 
inflammatory response, which may in part be due 
to LI downregulating CD2 expression, thereby 
minimising T cell activation.21,22 In more 
chronically affected pigs, or in cases that progress 
to NE, more significant proprial mononuclear 
infiltrates may be observed.22 Proprial 
histiocytosis, as well as depletion and necrosis of 
Peyer’s patches and giant cell formation, may be 
observed both in PPE and PCV2-associated 
enteritis.9 However the latter also differs from 

PPE histologically in many respects, including 
histiocytosis in lymphoid tissue, cytoplasmic 
inclusion bodies, and PCV2 IHC positive 
histiocytes in the lamina propria, submucosa, gut 
associated lymphoid tissue and within villous and 
crypt enterocytes.9 
 
The gold standard for diagnosis of PPE is IHC 
using LI specific antibodies.4,22 Other methods of 
characterizing spirochetal organisms on 
histologic section include in situ hybridization 
and electron microscopy.6,20 Cultivation of LI is 
not routinely performed, and requires live tissues 
cultures.20,21 Feces or tissue samples can be used 
for PCR and fecal smears can also be tested using 
immunoperoxidase staining.4 
 
Contributing Institution: 
State Veterinary Diagnostic Laboratory (SVDL) 
Elizabeth Macarthur Agricultural Institute 
New South Wales 
Australia  
 
JPC diagnosis: 

1. Cecum: Typhlitis, proliferative, diffuse, 
severe, with multifocal ulceration, crypt 
herniation, and crypt abscessation, 
unknown breed, porcine. 

2. Cecum, mucosa:  Ciliates, few, etiology 
consistent with Balantidium coli. 

 
JPC comment: 
The contributor provides an excellent narrative 
for this disease and covers the topic 
comprehensively. This discussion was about 
manifestations of L. intracellularis in pigs, but it 
can affect other species as well. 
 
L. intracellularis is the causative agent of equine 
proliferative enteropathy (EPE) of weanling foals 
in Scandinavia, which results in thickening of the 
small intestinal wall, and the ileum in particular. 
Clinical signs were similar to porcine patients, 
and included lethargy, anorexia, pyrexia, 
peripheral edema, colic, and diarrhea, with 
associated clinicopathologic changes of 
hypoalbuminemia and leukocytosis. This may 
represent a situation unique to Denmark due to 
the proximity of the discussed horses to high 
density pig farming operations, and no specific 
strain analysis has been performed to date.2 



 
While exact pathogenesis has been elusive, the 
inflammatory response of infected cells has 
recently been characterized. By comparing 
control and infected animals, differentially 
expressed genes were isolated, and correlated 
well with the severity of lesions observed. Some 
important upregulated genes are XDH (encodes 
xanthine dehydrogenase), MMP-7 (encodes 
matrix metalloproteinase-7), TGM2 (encodes 
transglutaminase-2), and OSM (encodes 
oncostatin M). Xanthine dehydrogenase is an 
important regulator of inflammatory pathways, 
and ultimately results in the production of 
reactive oxygen and reactive nitrogen species. 
MMP-7 is important for activating a-defensin 
antimicrobial peptides and is often found to be 
overexpressed in colorectal cancers, causing an 
induced cellular proliferation. Oncostatin M is a 
cytokine associated with diseases with chronic 
inflammation, and transglutaminase-2 is also 
linked to cellular proliferation. The changes 
induced by L. intracellularis have similarities 
with some cancers, but once the infection is 
resolved, there is resolution and not neoplastic 
growth.11 
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CASE 3: ND18-48 (4122555-00) 
 
Signalment: 1-½ year old, Chat-Cre transgenic, 
female, Long Evans rat (Rattus norvegicus) 
 
History: This was a rat used for training research 
staff on proper rat handling technique. The 
animal presented with ataxia, tachypnea, and a 
ruffled coat. There was no history of prior clinical 
abnormalities. 
 
Gross Pathology: 
On necropsy, the abdominal cavity was filled and 
expanded by 2 large coalescing adherent masses: 
The cranial mass was more solid, firm and tan 
measuring 4 cm x 2 cm x 2 cm while the second 
caudal mass measuring 4 cm x 5 cm x 2 cm was 
tan-white, moderate soft with multiple variable 
size cysts filled with brown fluid. The tan solid 
mass was found to be associated and firmly 
adherent to the lesser curvature of the stomach. 
There were small amounts of serosanguineous 
abdominal fluid. The masses compressed and 
displaced the diaphragm cranially.  There was 
adhesion of the abdominal mass to the spleen.   
 
Laboratory results: 
Not pursued. 
 
Microscopic description: 
The submitted section consists of a large vaguely 
encapsulated, highly cellular and pleomorphic 
infiltrative neoplastic mesenteric mass that arises 

Stomach and mesentery, rat.  Two neoplastic masses are 
present within the abdomen. (Photo courtesy of: 
Massachusetts Institute of Technology, Cambridge, MA 
02139) 



from the lamina propria of the squamous stomach 
with effacement of the submucosa and muscularis 
proper.  The neoplasm has a pleomorphic 
appearance ranging from bland solid nodular 
more fibrous appearance to regions of high 
cellularity comprising of whorls or short 
intersecting fascicles of spindle to epithelioid 
cells in abundant hyalinized to vacuolated 
stroma. In general, the neoplastic cells don’t have 
clearly discernible cell borders and contain 
variable amounts of eosinophilic to amphophilic 
cytoplasm and or fibrous stroma. The nuclei were 
small to moderately sized, oval or indented with 
a finely granular to vesiculated chromatin 
infrequently with a prominent nucleolus. In large 
sections of the mass, there are numerous variably 
sized pseudocystic or variably sized spaces with 
degenerate cells or basophilic material admixed 
with distended vascular channels filled with 
blood.  Mitotic figures are 3-4 per 10 40X 
objective field.  
 
Immunohistochemistry: 
The neoplasm was strongly positive for both c-
KIT and Vimentin with sparse for S100 and was 
negative for pancytokeratin.  
 
Contributor’s morphologic diagnosis: 
Stomach/Mesenteric masses: Gastrointestinal 
stromal tumor  
 
 

Contributor’s comment: 
The most common mesenchymal tumors of the 
gastrointestinal tract in humans is gastrointestinal 
stromal tumors (GIST), however, spontaneous 
GISTs are rare in rats and primates.2,3,9,11 In 
canines, these have been well characterized for 
their comparative morphology and biological 
behavior similar to humans.4 Historically, they 
were classified as smooth muscle tumors such as 
leiomyoma and leiomyosarcoma, but it is now 
thought that these tumors arise from the cells of 
Cajal.3,9 GISTs can occur anywhere along the 
gastrointestinal tract but are commonly found in 
the stomach. The appearance of these types of 
tumors can vary from soft, tan nodules to 
complex cystic masses depending on size and 
malignancy.3,4 GISTs can be divided into 4 types 
including smooth muscle, neural, combined 
smooth muscle-neural and uncommitted.3 For 
this case, due to the solid and cystic appearance 
and variable morphological pattern ranging from 
spindle to epithelioid, the differentials considered 
were GIST, adenocarcinoma, fibrosarcoma, 
leiomyosarcoma, mesothelioma, nerves sheath 
tumors and vascular origin tumors 
(lymphangiosarcoma, hemangiosarcoma). On the 
basis of its location (gastric location), 
histomorphologic features, and 
immunohistochemical expression pattern (diffuse 
strong c-KIT (CD117) and vimentin positivity, 
sparse S100 reactivity and lack of pancytokeratin 
expression), the abdominal masses were 
diagnosed as gastric origin- GIST. Smooth 
Muscle Actin (SMA), a marker of leiomyoma and 
leiomyosarcoma and cluster of differentiation 
(CD) 34 which can label both GISTs and smooth 
muscle origin tumors were not performed in this 
case. A strong c-KIT positivity is usually 

Stomach and mesentery, rat There are multiple sections of 
the neoplasm which are submitted for examination.  (HE, 
6X). 

Stomach, rat:  Sections of stomach are largely effaced by 
neoplastic cells.  Only small areas of mural smooth muscle 
remain.  (HE, 259X). 



considered as the gold standard in the diagnosis 
of which is the gold standard marker for 
GISTs.2,4,9 In this case, there was no distant 
metastasis other than mesenteric and splenic 
capsular involvement.  
 
GISTs are positive for KIT tyrosine kinase 
receptor, which is also seen in the cells of Cajal, 
neural cells in the gastrointestinal tract that 
modulate gut motility. Around 70-80% of human 
GISTs are also positive for CD34, 30-40% of 
them are positive for α-smooth muscle actin, <5% 
are positive for desmin and S100-protein.3,9 
These tumors develop a gain of function mutation 
of the KIT gene commonly in exons 9, 11, 13, and 
17. In humans, there are reports of familial GISTs 
due to mutations in the KIT and PDGFRA gene.9 
GISTs have been experimentally induced in rats 
using a duodenal reflux model but spontaneous 
findings in chronic studies using rats are usually 
under reported.7,9 The prognosis of GISTs is 
based primarily upon the size and location of the 
tumor as well as its mitotic rate, distant metastasis 
and degree of necrosis.4,9 
 
Contributing Institution: 
Massachusetts Institute of Technology 
Cambridge, MA 02139 
 
JPC diagnosis: 
Stomach, mesentery:  Gastrointestinal stromal 
tumor, malignant, Long Evans rat, rodent. 
 
 
 

JPC comment: 
While this case was in a rat, there are documented 
cases of GIST in many species, including dogs, 
cats10, horses, mice, and many others. Recent 
reports in horses have documented GISTs arising 
from the colon6, as well as a discrete intra-
abdominal mass with vascular connections to the 
transverse colon, mesocolon, jejunal mesentery, 
and the omentum, but still arising from the colon. 
That particular neoplasm was unusual in that it 
was characterized by immunoreactivity for 
desmin, as well as having multinucleated cells, 
and a predominately neuroid morphology of 
neoplastic cells.8 
 
Because the majority of spindle cell neoplasms of 
the gastrointestinal tract in rats and mice used in 
research settings are diagnosed as smooth muscle 
tumors, and they cannot definitively be 
distinguished on H&E slides, 
immunohistochemistry is critical to determine the 
cell of origin. An examination of mouse and rat 
gastrointestinal spindle neoplasms in the National 
Toxicology Program found that there were few 
GISTs in rats, but that up to 60% of the previously 
classified smooth muscle tumors of mice 
demonstrated CKIT immunopositivity, and likely 
GISTs.5 
 
While CD117 has been the gold standard to 
identify canine GIST, up to 5-10% of human 
GIST cases are negative for CD117. The 
immunohistochemical stain DOG1 (discovered 
on GIST protein 1) was shown to have a high 
sensitivity and specificity for human GISTs and 
was subsequently tested for canine GIST. Most 
canine GISTs had a similar IHC morphology for 
CD117 and DOG1, but some neoplasms were 
identified as GIST after negative CD117 and 
positive DOG1 results. Ultimately, DOG1 may 
have a higher sensitivity and specificity for 
canine GIST than CD117 but running both may 
provide the most information to the pathologist.1 
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CASE 4: 17030960 (4101142-00) 
 
Signalment: Two ducks: A 1-year-old, intact 
female, Muscovy duck, Cairina moschata and a 
1-year-old, intact male, Muscovy duck, Cairina 
moschata 
 
History: 
Two ducks presented to the Oklahoma Animal 
Disease Diagnostic Lab on March 16th, 2017 for 
autopsy. Over a period of five days, 
approximately 25 ducks, all of which were 
Muscovy ducks, had died at Bethany Pond in the 
owner’s front yard. She had cared for these 
animals since birth and had pet ducks that were 
not being affected; therefore, she raised concerns 
of intoxication rather than infectious agents. A 
similar die off had occurred previously in June of 
2016 when approximately 24 ducks were found 
dead. 
 
Gross Pathology: 
Postmortem examination was performed on an 
adult female duck. The animal was in good body 
condition based on normal skeletal muscle mass 
and adequate adipose tissue stores. All tissues 
were mildly to moderately autolytic. No gross 
lesions were found. 
 
Postmortem examination also found the adult 
male duck to be in good body condition with mild 
to moderate autolysis. The liver contained three, 

Esophagus, duck.  There is multifocal glandular necrosis 
and necrosis of the ostial mucosa. (Photo courtesy of: 
Oklahoma State University Center for Veterinary Health 
Sciences, Department of Pathobiology, 
http://cvhs.okstate.edu/Veterinary_Pathobiology). (HE, 
100X) 



multifocal, discrete, 1mm diameter, firm, dark 
green foci on the capsular surface. No other gross 
lesions were observed. 
 
Laboratory results: 
All laboratory testing was completed at the 
National Wildlife Health Center in Madison, WI. 
 

1. Results of RT-PCR for Duck Virus 
Enteritis (anatid herpesvirus – 1) 
performed on liver tissue were positive. 

2. Virus isolation for Duck Virus Enteritis 
(anatid herpesvirus – 1) performed on 
liver specimens was negative.  

3. Results of RT-PCR for Avian Influenza 
virus performed on trachea (routine 
screening on avian necropsy specimens) 
were negative. 

 
Microscopic description: 
Microscopic lesions are similar in both animals 
and are described together. 
 
Esophagus: Multifocally, lumens of submucosal 
glands contain sloughed, necrotic epithelial cells 
admixed with apoptotic and necrotic 
macrophages and lymphocytes. Adjacent 
lymphoid aggregates also contain necrotic 
lymphocytes and cellular debris.  Epithelium 
overlying the affected glands and lymphoid 
aggregates have ballooning degeneration in the 
stratum spinosum that progresses to necrosis with 
mucosal erosion or ulceration and accompanying 
inflammation. These areas of affected epithelium 
are typically continuous with the underlying 
gland. Large numbers of mucosal epithelial cells 

Esophagus, duck.  Higher magnification of mucosa overlying esophageal glands.  Multifocal, mucosal epithelial exhibits hydropic 
generation, and intranuclear viral inclusions are present in several cells. ( (Photo courtesy of: Oklahoma State University Center 
for Veterinary Health Sciences, Department of Pathobiology, http://cvhs.okstate.edu/Veterinary_Pathobiology). (HE, 200X) 



adjacent to these areas contain single 1 µm x 3 
µm diameter, smudgy, magenta, intranuclear 
inclusion bodies that displace chromatin to the 
nuclear periphery, forming a halo.  
 
Liver: Randomly scattered to occasionally 
coalescing foci of hepatocellular necrosis are 
surrounded by hepatocytes that contain 
intranuclear inclusion bodies similar to those 
previously described. In areas not interrupted by 
hepatocellular necrosis, individual scattered 
hepatocytes have intranuclear inclusion bodies. 
Throughout the liver, hepatocytes have periportal 
to diffuse microvesicular and macrovesicular 
cytoplasmic vacuolation. Sinusoids are mildly 
ectatic and congested.  
 
Proventriculus: Previously described intranuclear 
inclusions are within epithelial cells scattered 
throughout the section without additional lesions 
that are consistent on all slides. 
 
Contributor’s morphologic diagnosis: 
Esophagus: Moderate to marked, acute, 
multifocal, erosive and ulcerative esophagitis 
with ballooning degeneration and submucosal 
glandular necrosis with intranuclear inclusion 
bodies consistent with anatid herpesvirus - 1  
 
Liver: Moderate, acute, multifocal hepatocellular 
necrosis with intranuclear inclusion bodies 
consistent with anatid herpesvirus – 1 and 
periportal to diffuse hepatocellular vacuolation  
 

Contributor’s comment: 
Duck Virus Enteritis (DVE), also known as Duck 
Plague is caused by anatid herpesvirus-1, a 
member of the alpha herpesviradae subfamily.2 
This infection affects a wide range of birds in the 
Anseriformes order with varying disease severity 
depending on viral pathogenicity, and age and 
species of the animals.1,5 Mallard ducks along 
with Pintail ducks are considered to be the least 
susceptible to DVE and are implicated as carriers 
whereas Blue Winged Teal ducks and Muscovy 
ducks are highly susceptible to fatal infection.1, 2,7 
Young ducklings aged 2-7 weeks have been 
shown to be less severely affected in comparison 
to adult ducks.7 DVE was first observed in 1923 
and later described and distinguished from avian 
influenza in 1942.1 Outbreaks have occurred 
worldwide, are seasonal, and tend occur near 
bodies of water. Clinical signs are variable and 
often nonspecific including sudden death in birds 
with good body condition, a drop in egg 
production, anorexia, depression, ruffled 
feathers, diarrhea, hematochezia, penile prolapse, 
nasal discharge, epiphora, photophobia, and 
periocular crusting.1,5,6 Carrier birds can have 
sublingual ulcers.6 Gross lesions typically include 
annular bands of necrotic intestinal mucosa with 
overlying bands of hemorrhage and pseudo 
membrane formation, hemorrhage into body 
cavities and/or into the intestinal lumen, and 
myocardial, hepatic, and ovarian hemorrhage 
with necrosis.1,5,6 Microscopically, the 
gastrointestinal tract is primarily affected along 
with lymphoid organs; however, this virus is 
considered pantropic with lesions and 
intranuclear or intracytoplasmic viral inclusions 
found in multiple tissues.2,5 DVE is transmitted 
horizontally from infected animals by either 
direct contact or indirectly through 
environmental contamination. Vertical 
transmission has only been observed 
experimentally.1,2 Recovered birds are immune to 
reinfection; however, they become carriers with 
latent infections in the trigeminal ganglion and 
shed virus in times of stress, silently adding to 
environmental contamination.5 Cell culture is the 
gold standard in diagnostics for DVE, although 
PCR and serology in combination with electron 
microscopy are also useful diagnostic tools.5 

There is no effective treatment for DVE and 
control relies heavily on management, 

Esophagus, duck.  Higher magnification of mucosa 
overlying esophageal glands, demonstrative intranuclear 
viral inclusions (arrows). (HE,400X) 



depopulation, and communication with state and 
federal agencies.1 Live attenuated and killed 
vaccines are available for production animals but 
have not been distributed to the general public.  
 
The outbreak within this flock spared Mallard 
ducks and killed all Muscovy ducks, which is 
consistent with the literature. Ducks in our case 
were also lacking gross lesions, which supports 
the sensitivity of this species to DVE. In 1987, 
Wobeser described a similar lack of gross lesions 
in Blue-Winged Teal ducks. Although the paper 
speculated that may have been due to a more 
pathogenic strain of virus, we hypothesize that 
the lack of gross lesions in these two species may 
be due to the more rapid disease course and death 
found in highly susceptible animals. This is also 
demonstrated in the multifocal distribution of the 
esophageal lesions in our ducks. The literature 
describes diffuse lesions in most species that have 

longer average times to death. Wobeser also 
documented microscopic lesions within the Blue-
winged Teal ducks that mirror lesions found in 
our Muscovy ducks. This case is a nice 
representation of the disease process of DVE in 
highly susceptible species and demonstrates the 
pantropic nature of DVE.  
 
Contributing Institution: 
Oklahoma State University Center for Veterinary 
Health Sciences 
Department of Pathobiology 
http://cvhs.okstate.edu/Veterinary_Pathobiology 
 
JPC diagnosis: 

1. Esophagus:  Esophagitis, necrotizing, 
multifocal, moderate with glandular 
epithelial necrosis, lymphocytolysis, and 
occasional intranuclear and 
intracytoplasmic viral inclusions. 

Liver, duck.  Hepatocytes adjacent to areas of necrosis demonstrate intranuclear viral inclusions (arrows). (HE, 400X) 



2. Liver:  Hepatitis, necrotizing, multifocal, 
mild to moderate, with intranuclear viral 
inclusions. 

3. Liver, hepatocytes:  Vacuolar 
degeneration, diffuse, moderate. 

4. Proventriculus:  Lymphocytolysis, 
diffuse, mild to moderate. 

 
JPC comment: 
During case discussion, some participants noted 
the presence of intracytoplasmic inclusions in 
addition to intranuclear inclusions. As the 
contributor correctly identifies, this herpesvirus 
may result in intranuclear and intracytoplasmic 
viral inclusions, which have been verified as viral 
nucleocapsids in cytoplasmic vacuoles.3 
 
When this disease was first described in the 
Netherlands in 1923, it was thought that a new 
and distinct virus was causing disease in ducks, 
and the name “duck plague” was proposed, and 
adopted for many years. Subsequently, the 
disease is now identified as Duck Viral Enteritis 
(DVE), to separate the disease from fowl plague.3 
 
Of the more than 300 viral encoded miRNAs that 
have been catalogued, more than 95% are 
encoded by viruses of the herpesvirus families. A 
comparison between vaccine and virulent 
Chinese strains of duck enteritis virus show the 
vaccine strain had 33 encoded miRNAs, while the 
virulent strain encoded 39 miRNAs. The virulent 
strain miRNAs formed a unique regulatory 
pathway as compared to the vaccine strain, 
indicating our understanding of the true 
pathogenesis is incomplete.8 
 
Other hemorrhagic and necrotic lesions in 
anseriforms may be caused by fowl cholera 
(Pasteurella multocida), Riemerella 
anatipestifer, duck viral hepatitis (5 different 
viruses), coccidiosis, Newcastle disease, avian 
influenza, and goose herpesvirus. Differentials 
for intranuclear inclusions in duck hepatocytes 
would also include lead toxicity (common in 
waterfowl), and anatid adenovirus-2. 
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1.  Raccoons are hosts to which of the following genotypes of Cryptosporidium ? 
a. Horse 
b. Bear 
c. Skunk 
d. Puma 

 
2. Which of the following is NOT associated with the syndrome of porcine intestinal adenomatosis? 

a. Progression to necrotic enteritis 
b. Persistent diarrhea 
c. Secondary bacterial infections 
d. Mortality of up to 50% 

 
3. Lawsonia intracellularis escapes from the endosome into the cytosol via a pathogenicity island 

most closely associated with what other pathogen? 
a. Yersinia 
b. Salmonella 
c. E coli 
d. Burkholderia 

 
4. Which of the following is considered the “gold standard” for the diagnosis of gastrointestinal 

stromal tumors? 
a. S-100 
b. PAX-8 
c. SOX-10 
d. c-KIT 

 
5. Which of the following breeds of ducks are considered the most susceptible to anatid 

herpesvirus-1? 
a. Pintail ducks 
b. Muscovy ducks 
c. Mallard ducks 
d. Eider ducks 

 

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 2020-2021 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 1: N16-032 (4084301-00) 
 
Signalment: 13 yrs of age, spayed female, 
Golden Retriever, Canis lupus familiaris, canine. 
 
History: 
It was reported that the patient had decreased 
appetite and lethargy for the past 1-2 weeks and 
had diarrhea for ~1 day. She had a history of 
seizures for the past ~3 years; her last seizure was 
1 month ago. The patient had a generalized 
lymphadenopathy (lymphoma). Patient was on 
phenobarbital, was obese and was 5-7% 
dehydrated. 
 
Gross Pathology: 
Relevant gross pathologic findings included: 
Multiple (n=10) well-demarcated, unattached, 
soft, white, lipid-like masses (lipomas) ranging 
from 4-20 cm in diameter, were present in the 
subcutis. There was generalized enlargement of 
peripheral lymph nodes ~4 times larger than 
normal. The left caudal lung lobe had a 1 cm focal 
firm, dark red area of depression. The right 
ventricular free wall was 3 mm and the left was 7 
mm (right:left ratio of 1:2.3).  The right and left 
kidney contained innumerable miliary white foci 
throughout the cortical parenchyma. A 3mm cyst 
was present on the cortical surface of the right 
kidney. The parietal lobe of the left cerebral 
hemisphere was depressed by an approximately 

2.2x1.5x2 cm firm mass originating from the dura 
mater (meningioma). 
 
Laboratory results: 
Cytology: It was reported that ante-mortem 
cytology of blood smears from this animal were 
consistent with lymphoid leukemia. 
Special staining: Under polarized light, Congo 
Red special stain revealed apple-green 
birefringence of material effacing glomeruli and 
cardiac vessel. 
 
Microscopic description: 
The microscopic findings for the submitted 
tissues are: 
 
Kidneys: Glomeruli are diffusely and globally 
obscured and expanded by amorphous 
homogenous pale eosinophilic to amphophilic 
material (amyloid). Bowman's capsules are 
variably thickened and there is marked synechia 

Kidney, heart, dog.  One section of kidney and heart are 
submitted for examination.  (HE, 5X) 



formation. The interstitium is diffusely infiltrated 
with small to moderate amounts of lymphocytes 
and plasma cells.  
 
Heart: Arteries and arterioles throughout the 
myocardium frequently have transmural 
thickening of the vessel wall by amorphous pale 
amphophilic material (amyloid). Affected vessels 
often have recanalization characterized by 
multiple small caliber spaces. There is marked 
endocardial fibrosis and few scattered multifocal 
areas of mild to moderate interstitial fibrosis; 
associated cardiac myocytes are shrunken and 
fragmented (degeneration). There are also a few 
multifocally extensive areas of myocardial loss 
and replacement by adipose tissue and scattered 
macrophages, lymphocytes and plasma cells. 
 
Contributor’s morphologic diagnosis: 
Kidney:  Severe diffuse global glomerular 
amyloidosis 
Heart: Submassive severe coronary arterial wall 
amyloidosis with recanalization 
Heart: Moderate multifocal interstitial 
myocardial fibrosis and fatty infiltration with 
myocardial degeneration. 
 
Morphologic diagnoses for tissues not submitted: 

Meninges: Meningioma  
Brain: Meningioma-associated cerebrocortical 
compression with locally extensive astrocytosis, 
oligodendrogliosis, neuronal satellitosis and 
periglial edema 
Lymph node and Spleen:  Metastasis of lymphoid 
leukemia 
Lung: Focal bronchioloalveolar carcinoma, well-
differentiated 
 
Contributor’s comment: 
The animal in this case had multiple neoplastic 
processes. The neoplastic leukemic lymphoid 
cells were effacing the lymph nodes, in 
pericapsular vessels associated with lymph nodes 
and multifocally present in the spleen. This 
neoplasm is considered the primary cause of 
illness in this case. The meningioma and its 
compression against the parietal lobe of the brain 
resulted in seizures. There was also a well-
differentiated bronchioloalveolar carcinoma 
identified in one site in the lung.  
 
Amyloidosis can be secondary to chronic 
inflammatory or neoplastic processes; 
considering the multiple neoplasms in this case, 

Kidney, dog. Glomeruli are diffusely and globally expanded by amyloid, and there is a marked loss of tubules within the 
intervening parenchyma. Moderate numbers of the lymphocytes and plasma cells are present within the interstitium. (HE, 
100X) 



including lymphoid leukemia, it is likely that the 
amyloid deposition in the kidney, and possible 
the myocardial vasculature as well, was 
secondary to other disease processes going on. 
The amyloid deposition in the vessels of the heart 
may also be secondary to aging, as senile amyloid 
plaques have been reported in muscular arteries 
of the myocardium, lungs, and spleen of old dogs. 
The cause of the myocardial lesions may be 
secondary to the vascular amyloidosis in the heart 
and impaired oxygenation of the associated 
musculature. 
 
The term amyloid refers to a group of 
glycoproteins whose protein components 
represent β-pleated sheet patterns. In a healthy 
patient, the immune system is usually able to 
either repair (chaperones) or degrade (ubiquitin-
proteosome pathway) these proteins. However, if 
the body is unable to perform such feats, one can 
end up with amyloidosis. These proteins deposit 
into organs and result in pressure atrophy of 
adjacent cells as they accumulate. 
 
Amyloidosis can be classified into systemic 
(amyloid deposits in multiple organs) and 
localized (single organ) amyloidosis, and further 
categorized into primary and secondary 
amyloidosis. Primary amyloidosis, which is 

associated with the amyloid light chain (AL 
form), is the most common form in humans, 
while secondary amyloidosis, which is associated 
with the amyloid-associated (AA) form, is most 
common in animals.  
 
The AL form is immunoglobulin-derived and can 
be deposited by B lymphocytes as well as plasma 
cells and result from immunocyte dyscrasias. The 
AA form of amyloidosis is derived from the 

Heart, dog. The walls of myocardial arteries are multifocally expanded by amyloid which encroaches on the lumen.  There is 
moderate fibroplasia of the adjacent arterial wall and periarteriolar fibrosis.  There is loss of myofibers and replacement 
fibrosis in the adjacent myocardium. (HE, 97X) 

Kidney, dog.  Under polarized light, Congo Red 
histochemical stain reveals apple-green birefringence of 
amyloid effacing glomeruli. (Congo Red, 10X) (Photo: 
Courtesy of Tuskegee University College of Veterinary 
Medicine) 



precursor serum-amyloid associated (SAA) 
protein. This precursor is synthesized in the liver 
and its production is increased in pro-
inflammatory states such as chronic 
inflammation and neoplasia. With the lack of 
proteolytic action on these proteins, amyloidosis 
can result. Humans have these same two forms, 
as well as the β-amyloid form (Aβ) which is 
found in the cerebral plaques of Alzheimer 
patients. Other less common forms of 
amyloidosis in animals is islet amyloid 
polypeptide (IAPP) produced in pancreatic islets 
of cats with non-insulin-dependent diabetes 
mellitus and apolipoprotein AI (apoAI) 
amyloidosis deposited in pulmonary vessels of 
aged dogs. 
 
The kidney is the most common site for 
deposition of AA amyloid in association with 
other disease. In dogs, localization to glomeruli is 
most common. In contrast, in cats and Chinese 
Shar-Pei dogs with renal amyloidosis, the 
amyloid is usually localized to the renal medulla. 
Clinical pathologic parameters frequently 
associated with glomerular amyloidosis include 
proteinuria and may progress to nephrotic 
syndrome. With medullary amyloidosis, the 
amyloid becomes obstructive in nature resulting 
in capillary and tubular basement membrane 
obstruction and thickening, papillary necrosis and 
medullary interstitial fibrosis. A hereditary 
predisposition to AA amyloidosis (familial 
amyloidosis) has been described in Abyssinian 
cats and Chinese Shar-Pei dogs.  

 
The amyloid that was found in the cardiac vessels 
of this animal may be due to the systemic disease 
affecting this dog but may also be associated to 
aging. Cardiac amyloidosis has been reported in 
dogs ≥7 years and is somewhat comparable to the 
senile cardiac amyloidosis of humans, which is 
seen in those age 70 and greater. A prominent 
difference is that amyloid builds up in the atria 
and ventricles of the heart in humans, while 
studies show that it primarily only affects 
arterioles in dogs.2 
 
Grossly, amyloidosis can be diagnosed by using 
Lugol's agent followed by diluted sulfuric acid. If 
the tissue becomes a purple to dark blue tinge, it 
is positive for amyloidosis. Microscopically, one 
could use Congo Red stain as well as thioflavine-
T. The stain itself is not taken up by the protein, 
but rather caught in the β-pleated sheet. Under 
polarized light, the amyloid proteins emit an 
apple-green birefringence with the Congo Red. In 
the case of AA amyloidosis, the addition of 
potassium permanganate results in the loss of the 
Congo Red stain, enabling differentiation from 
the AL form of amyloidosis. Thioflavine-T is 
bright yellow under fluorescent light and may be 
more sensitive than Congo Red. Utilizing 
electron microscopy, amyloid fibrils are 
characterized by 7.5-10 nm diameter, 
nonbranching tubules. 
 
Contributing Institution: 
Tuskegee University College of Veterinary 
Medicine 
1200 West Montgomery Road 
Tuskegee, AL 36088 
http://www.tuskegee.edu/academics/colleges/cv
mnah/school_of_veterinary_medicine.aspx 
 
JPC diagnosis: 

1. Kidney:  Amyloidosis, glomerular, 
global, diffuse, severe, with tubular 
degeneration and loss, and chronic 
interstitial nephritis, golden retriever, 
canine. 

2. Heart: Amyloidosis, arterial, diffuse, 
severe, with multifocal myofiber 
atrophy, loss, and fibrosis. 
 

 

Heart dog.  A Masson’s trichrome demonstrates the mural 
fibroplasia surrounding amyloid plaques in affected 
arterioles.  (Masson’s trichrome, 100X) 



JPC Comment: The contributor describes 
amyloidosis in detail, and the methods of 
detection remain the most accessible in the field. 
 
Amyloidosis documented in a wide range of wild 
and captive mammals and birds.5 While there are 
many fewer documented cases, reptiles with 
cases of systemic amyloidosis have been 
documented within the last three years. A 12-
year-old male African tiger snake with concurrent 
Mycobacterium avium-intracellulare complex 
infection, biliary cystadenocarcinoma, with 
intrahepatic metastases had splenic amyloidosis 
with amyloid also present in testicular 
interstitium and occasional blood vessel walls. 
Mycobacteriosis is a common cause of reactive 
amyloidosis, and the serum amyloid A (SAA) 
gene is highly conserved across species.1 

A strain of mouse designated AppNL-G-F/NL-G-F has 
been bred with three distinct introduced 
mutations that increase production of amyloid 
precursor protein (APP), which results in reliable 
overproduction of amyloid b and histologic and 
clinical signs consistent with Alzheimer’s 
disease. Based on examination of the non-
cognitive, emotional domains of these mice, they 
serve as a useful model of preclinical 
Alzheimer’s disease in humans.4 

Human cardiac light chain (AL) amyloidosis is a 
particularly lethal disease, responsible for 
approximately 75% of mortality associated with 
AL amyloidosis. Zebrafish were altered to 
selectively secrete human l-light chain proteins 
in the liver, which were then exported to systemic 
circulation. These zebrafish developed 
cardiomyopathies consistent with early cardiac 
AL amyloidosis, and may represent a future 
animal model of the human disease.3 
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CASE 2: 13-6752 (4048083-00) 
 
Signalment: Two-month-old female Galloway 
cross calf. 
 
History: This calf was from a group of about 100 
Galloway and Galloway cross calves. One calf 
died 3 weeks previously but was not autopsied, 
and calves were treated for coccidia with sulfa 
boluses at that time. This calf had been sick for 1-
2 days, exhibiting lethargy and dyspnea leading 
to lateral recumbency and death. The autopsy was 
performed shortly after death by the referring 
veterinarian. 
 
Gross Pathology: No icterus was noted. The 
liver and spleen were noted to be yellow-grey and 

Liver, ox.  Subgross examination of the submitted section 
of liver demonstrates a retiform pattern of pallor.  (HE, 5X) 



did not bleed when cut. Only liver was submitted 
for histopathology. 
 
Laboratory results: A postmortem blood 
sample was noted to have lipemic serum. PCV = 
60%, total protein = 6.8. A fecal float was 
negative for parasite eggs. 
 
Microscopic description: 
In representative sections of liver, the hepatic 
lobular organization and microanatomy were 
severely disrupted by fibrosis interspersed with 
bile ductules which dissected through all levels of 
the lobule and segregated the hepatocytes into 
variably sized nodules. The central veins were ill-
defined and randomly located. The hepatocytes 
within the nodules were variably sized and 
contained large, clear, intracytoplasmic vacuoles 
that displaced the nucleus peripherally. Portal 
areas were markedly expanded by large amounts 
of fibrous connective tissue and multiple bile 
ductules, and the tunica media of the hepatic, 
portal and central veins were severely thickened 
by fibrous tissue with collapse of the vascular 
lumens. Hepatic sinusoids were tiny or absent and 
not contiguous. 
 
 

Contributor’s morphologic diagnosis: 
Diffuse, severe, chronic hepatocellular lipidosis 
with severe periportal fibrosis and bile duct 
hyperplasia. 
 
Contributor’s comment: 
Lesions were compatible with hepatic 
lipodystrophy of Galloway cattle. The condition 
has been diagnosed sporadically in the breed 
since 1965 but no genetic, metabolic or 
nutritional cause has been identified to date.6 In 
1999, the clinicopathologic findings in 15 cases 
from 5 farms in Scotland were documented.4 
Affected animals were usually normal at birth, 
although an aborted fetus and a stillborn calf had 
liver lesions similar to older affected calves.  
Within 2-4 months of birth calves became 
lethargic and progressed to tremors, seizures, 
recumbency and death.  Significant clinical 
pathologic abnormalities included 
hypoalbuminemia, elevated liver enzymes and 
marked elevation in serum cholesterol, 
triglycerides and fatty acids. The only gross 
lesions noted at necropsy were large, pale livers.  
Histopathology of the liver was as described 
above; the only other histopathologic lesion was 
white matter spongiosis attributed to hepatic 
encephalopathy. No mention was made about the 

Liver, ox.  There is diffuse loss of hepatocytes and plate architecture. Remaining hepatocytes are swollen with one or multiple 
lipid vacuoles, and there is fibrosis and biliary duplication within all parts of the lobule. (HE, 135X) 



adequacy of fat stores in the bodies, which may 
be relevant to human conditions discussed below. 
 
Hepatic lipidosis (or steatosis, in human medical 
terminology) refers to the excessive 
accumulation of triglycerides within 
hepatocytes.6 The liver’s role in fat metabolism is 
complex and vital, and includes uptake of lipid 
from plasma chylomicrons, hydrolysis into fatty 
acids, repackaging via lipoprotein lipase and 
secretion of very low-density lipoproteins.  
Excessive storage of lipid as triglycerides in the 
liver can occur if the supply of lipid exceeds the 
liver’s capacity to process, or if there is a 
disruption of one or more of the many metabolic 
steps involved in processing lipid through the 
peroxisomes and endoplasmic reticulum. In 
veterinary medicine, hepatic lipidosis can have a 
variety of pathogeneses, including physiologic 
(late pregnancy), metabolic (e.g. diabetes 
mellitus), toxic or nutritional (e.g. ovine white 
liver disease due to cobalt deficiency). Some 
conditions, such as ovine white liver, can 
progress to cirrhosis and liver failure.   
 
In human medicine, lipodystrophies are a large 
group of rare genetic and acquired diseases 
characterized primarily by abnormalities in the 
amount and distribution of adipose tissue.5 
Genetic forms are divided into congenital 
generalized lipodystrophy and familial partial 
lipodystrophy. The most common acquired form 
seen now is in HIV-positive patients treated with 
protease inhibitors as part of Highly Active 
Antiretroviral Therapy. Although partial or 
complete lack of body fat is the primary clinical 
sign, patients with congenital generalized 
lipodystrophy have several other clinical 

manifestations, including early onset 
hypertriglyceridemia and liver enlargement due 
to fat accumulation.2 Insulin resistant diabetes 
occurs early in life, but cirrhosis develops later. 
The protein systems defective in all of the 
reported human congenital and acquired 
lipodystrophies involve development or 
processing of lipid droplets within adipocytes.3 In 
none of the reviews is there mentioned a form of 
lipodystrophy with neonatal hepatic steatosis and 
cirrhosis. 
 
While the disease in Galloway cattle may be a 
form of lipodystrophy, it does not appear to be a 
close correlate with any of the human syndromes. 
It may be more likely to be due to a defect in the 
liver’s capacity to process and release lipids. 
Clearly more research is required to determine 
where this fascinating disease fits into the wide 
spectrum of defects in fat metabolism. 
 
Contributing Institution: 
Department of Veterinary Microbiology and 
Pathology 
College of Veterinary Medicine 
Washington State University 
Pullman, WA 99164-7040 
 
JPC diagnosis: 
Liver:  Hepatocellular lipidosis, diffuse, severe, 
with marked hepatocellular loss, fibrosis, and 
biliary reduplication, Galloway mix, bovine. 
 
JPC comment: 
The contributor succinctly illustrates the current 
understanding of this disease in Galloway cattle. 
There have been recent case reports in the United 
Kingdom7 and Germany, with increasing 
evidence of a genetic link. In the German herd, 7 
calves sired by the same bull were affected, and 
the herd experienced no further occurrences when 
the bull was replaced.9 
 
Congenital lipodystrophies encompass a variety 
of rare diseases associated with partial or total 
absence of normal adipose tissue. One variant, 
Berardinelli-Seip congenital lipodystrophy 
(BSCL) is autosomal recessive and has been 
linked to genetic mutations affecting a lipid 
biosynthetic enzyme 1-acyl-sn-glycerol 3-
phosphate O-acyltransferase 2 (AGPAT2) or the 

Liver, ox.  Higher magnification of hepatocytes with 
marked lipid vacuolation, fibrosis, and biliary hyperplasia.  
(HE, 440X) 



integral endoplasmic reticulum membrane 
protein seipin. A strain of Agpat2 knockout mice 
have been created to further research of these 
diseases. At necropsy, Agpat2-/- mice are 
characterized by severe hepatomegaly, complete 
absence of white adipose tissue, amoeboid 
adipocytes with microvesiculated basophilic 
cytoplasm with deficient lipogenesis. Aggregates 
of brown adipose tissue are smaller and have 
massive necrosis and early ablation. These mice 
also have massive pancreatic islet hypertrophy, 
despite chronic hyperglycemia.8 
 
While energy storage is a critical function of 
adipocytes, they also secrete a variety of 
hormones (adipokines) such as leptin, 
adiponectin, TNF-a, IL-6, resistin, and visfatin, 
all of which play necessary roles in regulating 
metabolism. With derangement of these 
adipokines, lipid metabolism becomes 
incomplete and animals fail to thrive.8 
 
Feline hepatic steatosis, feline familial 
hyperlipoproteinemia, and canine primary 
idiopathic hyperlipidemia may be closer 
veterinary correlates to this disease in Galloway 
calves. The majority of pathologic changes are 
confined to the liver and involve various aspects 
of lipid processing ability of hepatocytes. While 
feline hepatic steatosis is common, the exact 
mechanism of hepatocellular accumulation of 
triglycerides remains incompletely described, 
with a likely multifactorial etiology. In feline 
familial hyperlipoproteinemia, there is an 
associated congenital lipoprotein lipase 
deficiency, leading to lipid vacuoles and ceroid 
accumulation in hepatocytes, as well as in the 
spleen, lymph nodes, kidneys, and adrenal 
glands.1 
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CASE 3: 18/75 (4118754-00) 
 
Signalment: 9 years, female, Flat Coated 
Retriever dog (Canis familiaris) 
 

Cerebrum, dog. A 1.5 cm diameter tumor is located in the 
left hemisphere, compressing adjacent neuroparenchyma. 
The tumor is well demarcated ventrally but poorly 
demarcated rostrally and caudally. (Photo courtesy of the 
Norwegian University of Life Sciences, Oslo, Norway) 



History: 
A week prior to euthanasia, the dog had problems 
keeping up with the owner on a run. Five days 
later the dog got generalized tonic-clonic seizures 
and salivation, but it was intermittently 
contactable between the seizures, each lasting 10-
20 minutes. The dog was restless and seemed 
confused post-ictally, appeared to be blind, and 
circled to the left. Further clinical examination 
revealed generalized lymphadenopathy, 
decreased proprioception on the right hind limb 
but no other neurologic abnormalities. However, 
a complete neurological examination was 
difficult because the dog was severely stressed 

and confused. Further diagnostic examinations 
were planned, but the dog collapsed with pale 
mucous membranes, cold extremities, not 
palpable femoral pulse and muffled heart sounds.  
 
Ultrasound showed a tumor in the spleen and 
hemorrhage to the abdominal cavity. The dog was 
euthanized. 
 
Gross Pathology: 
The carcass was pale. In the abdomen there was 
600 mL non-coagulated blood. The source of the 
blood was identified as a ruptured splenic tumor, 
3 cm in diameter. An approximately 8 cm large 
coagulum was present over the rupture.  
The dog had several enlarged lymph nodes, e.g. 
the right iliofemoral and the hepatic lymph nodes 
were both 3 cm in diameter, and the right 
prescapular lymph node was 2 cm in diameter.  
 
A 1.5 cm in diameter tumor was located dorsally 
in the left hemisphere of the cerebrum. The tumor 
was well demarcated ventrally, but rostral and 
caudal transition to normal brain tissue was 
poorly demarcated. The tumor had a light, red-
grey cut surface with multifocal small dark foci 
(hemorrhage). The tumor compressed 
surrounding brain tissue.  
 

Cerebrum, dog.  A 1.5cm nodular densely cellular 
neoplasm effaces cerebral parenchyma.  (HE, 7X) 

Cerebrum, dog.  The neoplasm is composed of polygonal to spindled neoplastic histiocytes with scattered pleomorphic 
multinucleated cells. Numerous lymphocytes are present within the neoplasm as well.   (HE, 310X) 



Laboratory results: 
None. 
 
Microscopic description: 
Dorsally in the left cerebral hemisphere, 
occupying grey and white matter and involving 
the overlying leptomeninges, there is a large (2 x 
1.5 cm), densely cellular, moderately 
demarcated, infiltrative, non-encapsulated tumor. 
The tumor consists of sheets with closely packed 
round tumor cells, with some areas consisting of 
spindle cells. The tumor cells are pleomorphic, 
large with distinct borders, variable amounts of 
eosinophilic cytoplasm, a round or oval, often 
eccentric nucleus with coarsely stippled 
chromatin and 1-3 medium sized to large 
basophilic nucleoli. There is severe anisocytosis 
and anisokaryosis and multiple large 
multinucleated tumor cells and scattered uni- or 
multinucleated cells with karyomegaly. There are 
4 mitotic figures per 10 HPF. In the periphery, 
there is infiltrative growth, especially along 
vessels. In the leptomeninges, the tumor cells 
infiltrate some distance from the main mass. In 
one of the sections there are multifocal necrotic 
areas infiltrated by neutrophils. Multifocally in 
the tumor and associated with vessels, there are 
infiltration of numerous well-differentiated 
lymphocytes and some plasma cells. Peri-tumoral 

brain tissue was compressed with edema, 
multifocal hemorrhages and prominent vessels.  
 
Immunohistochemical investigation showed that 
the tumor cells were CD18 positive. The 
lymphocyte population was composed of both 
CD3 and CD79 positive cells, thus a mixture of 
T-lymphocytes and B-lymphocytes. 
 
In enlarged lymph nodes and the ruptured splenic 
tumor, there was an infiltrative growth of medium 
sized, relatively homogeneous lymphoid cells 
that effaced normal tissue architecture, diagnosed 
as lymphoma. 
 
Contributor’s morphologic diagnosis: 
Brain: histiocytic sarcoma 
 
Contributor’s comment: 
The present case is an example of localized, 
primary central nervous system (CNS) histiocytic 
sarcoma in a 9 years old female Flat Coated 
Retriever dog. 
 
Histiocytic sarcoma is a malignant tumor. It is 
one of several histiocytic diseases that may occur 
in dogs and cats, a group of proliferative diseases 
that include lesions thought to be reactive 
inflammatory lesions, and benign and malignant 
tumors. The diseases are divided in two groups 

Cerebrum, dog.  Some areas of the neoplasm in proximity to the meninges contain trabeculae of fibrovascular tissue.   (HE, 
310X) 



based on cell of origin; diseases of Langerhans 
cell (LC) origin and diseases of interstitial 
dendritic cell (DC) or macrophage origin. The 
first group, the diseases of LC origin, include 
canine cutaneous histiocytoma, canine cutaneous 
LC histiocytosis and feline pulmonary LC 
histiocytosis. The second group, of DC or 
macrophage origin, is again divided in two 
groups; the histiocytic sarcoma complex which 
includes several distinctive histiocytic sarcoma 
syndromes, and the canine reactive histiocytosis 
which include cutaneous histiocytosis and 
systemic histiocytosis.6  
 
Histiocytic sarcomas are histologically composed 
of sheets of large, pleomorphic, mononuclear and 
multinucleated giant cells usually with marked 
atypia. Some lesions may also consist of spindle 
shaped cells, either alone or mixed with the other 
cell type. CNS histiocytic sarcoma also 
commonly contain large numbers of mixed 
inflammatory cells (lymphocytes, histiocytes, 
and plasma cells).6 All of these morphologic 
criteria were met in the present case and the tumor 
cells were confirmed CD18 positive by 
immunohistochemistry.    
 
The Flat Coated Retriever is one breed 
predisposed to histiocytic sarcomas, other 
predisposed breeds are the Bernese Mountain 
dogs, Rottweilers and Golden Retrievers, 
however the disease may occur in any breed.6 
Miniature Schnauzers have also been suggested 
to be predisposed to the disease.4  
 
Histiocytic sarcomas may be localized or 
disseminated. The primary lesion may be solitary 
or multiple within an organ, and may occur in 
many different organs, e.g. spleen, lymph node, 
bone marrow, CNS, skin and subcutis, and 
periarticular or articular tissues.6  
 
CNS involvement in histiocytic sarcoma may 
arise as a primary location or as a result of 
metastasis from another location.6 Although DCs, 
the cells of origin, may be present in diseased 
brain tissue, they are not present in normal steady 
state brain parenchyma, however they do exist in 
the meninges and choroid plexus.2 The CNS 
histiocytic sarcoma usually present as a subdural 
focal mass, however diffuse meningeal infiltrates 

may also occur.6 Although the brain tumor in the 
present case extended deep into the brain tissue, 
it infiltrated (and likely originated from) the 
leptomeninges. In some slides, neoplastic 
meningeal infiltrates extended deep in sulci next 
to the tumor.   
 
As reviewed by Moore in 2014, CNS histiocytic 
sarcomas has not been shown to metastasize 
extracranially.6 In a case series describing 
histiocytic sarcoma with CNS involvement in 19 
dogs, 15 of the dogs had histiocytic sarcoma 
restricted to the CNS and in 4 dogs the CNS 
involvement was considered as a part of a 
disseminated multiorgan process.5 Another study 
examined the histochemical and 
immunohistochemical characteristics of primary 
intracranial canine histiocytic sarcomas of 23 
dogs.10 All cases were considered to be the 
localized form, although the study was based on 
only 3 autopsies while the remaining 20 dogs 
were diagnosed using biopsy material. Tumors 
located in the brain may be found in different 
areas of the brain,5,10 and in the spinal cord, they 
may be located in any spinal cord segment.5 
There are also case reports describing CNS 
histiocytic sarcoma together with solitary 
pulmonary lesions.1,3 

 

The dog also had moderate lymphadenomegaly 
and a ruptured mass in the spleen, the latter being 
the origin of hemoabdomen. These latter lesions 
had a morphology consistent with lymphoma, 
and it was concluded that the dog had two tumor 
types, both a primary localized CNS histiocytic 

Cerebrum, dog.  Neoplastic cells stain strongly 
immunopositive for IBA-1.  (anti-IBA-1, 400X) 



sarcoma and a multicentric lymphoma in the 
spleen and lymph nodes. No metastasis from the 
brain lesions consistent with malignant 
histiocytes could be detected in any other tissues 
examined histologically. The lymphocytic 
infiltration in the brain tumor was a mixture of B- 
and T-lymphocytes, interpreted as reactive 
lymphocytic infiltration, and not metastasis of 
lymphoma from the lymph nodes or spleen to the 
CNS.  
 
As a differential diagnosis, another lesion 
consisting of histiocytic cells together with other 
inflammatory cells that may present as a single 
space-occupying lesion is the focal form of 
granulomatous meningoencephalitis (GME). 
This form of GME is most commonly located 
within the white matter of the cerebrum, 
cerebellum, caudal brainstem or cervical spinal 
cord, but may also be observed in grey matter. 
The leptomeninges and choroid plexus may also 
be involved.7 It remains controversial whether the 
focal form of GME represents an 
immunoproliferative process or a neoplasia.11 
The severe atypia in the present case, however, 
lead to the diagnosis of a cerebral histiocytic 
sarcoma rather than the focal form of GME.  
 
Contributing Institution: 
Norwegian University of Life Sciences 
Faculty of Veterinary Medicine 
PO Box 8146 Dep 
0033 Oslo 
Norway 
 
JPC diagnosis: 
Cerebrum: Histiocytic sarcoma, flat coated 
retriever, canine. 
 
JPC comment: 
The contributor summarizes the topic succinctly, 
and correctly highlights many important points 
about the disease. In the human literature, there 
have been very few cases of primary CNS 
histiocytic sarcoma, with all histiocytic sarcomas 
comprising less than 1% of all hematolymphoid 
neoplasms.12 According to the most recent WHO 
classification of hematopoietic and lymphoid 
tissues (2017), a diagnosis of histiocytic sarcoma 
may be made only when there is expression of 
one or more histiocytic markers, which include 

CD163, CD68, or lysozyme, with concurrent lack 
of expression of CD1a, langerin (Langerhan 
cells), CD21, CD35 (follicular dendritic cells), 
CD13, or MPO (myeloid cells).9 While veterinary 
diagnoses of histiocytic sarcomas are not in 
doubt, rarely is immunohistochemical staining 
performed to rule out other neoplasms of 
histiocytic origin. 
 
The most recent case report of primary CNS 
histiocytic sarcoma in humans described a diffuse 
leptomeningeal neoplasm, filling the 
subarachnoid space of the brain and spinal cord, 
with few foci of infiltration into 
neuroparenchyma. This case had no 
lymphadenopathy, splenomegaly, hepatomegaly, 
or cutaneous lesions, increasing the likelihood 
that this histiocytic sarcoma arose in the 
leptomeninges as a primary pathology.12 
 
The contributor posited one potential differential 
diagnosis (GME), but others may include 
Langerhans cell histiocytosis, Rosai-Dorfman 
disease, and juvenile xanthogranuloma. 
Histiocytes in Langerhans cell histiocytosis 
typically exhibit minimal nuclear atypia, are 
positive for CD1a, and are accompanied by 
eosinophilic infiltration. Rosai-Dorfman disease 
is characterized by emperipolesis, infiltration by 
numerous plasma cells, and histiocytes with 
abundant amphophilic cytoplasm, round nuclei, 
and prominent nucleoli. Juvenile 
xanthogranuloma, there is significant lipidization 
of histiocytes, also with minimal atypia. Other 
neoplasms that can be distinguished from 
histiocytic sarcoma through morphology and 
immunohistochemistry include glioblastoma, 
pleomorphic xanthoastrocytoma, and anaplastic 
large cell lymphoma.8 
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CASE 4: Case 2 (4101228-00) 
 
Signalment: Bovine, 4-week-old intact male 
Friesian calf (Bos taurus) 
 
History: 
The 4-week-old Friesian bull calf was one of a 
mob of 50 calves bought into a calf-rearing 
facility, from an unknown dam and sire. The calf 

presented with a swollen scrotum with palpable 
masses and marked abdominal distension. The 
calf was in fair body condition, with a normal 
demeanor and appetite, and no evidence of 
weakness. Abdominocentesis revealed a 
serosanguinous peritoneal effusion. The fluid was 
not submitted for analysis and euthanasia was 
elected. 
 
Gross Pathology: 
Gross pathological findings included multifocal 
to coalescing, 2mm-6cm, pink to white nodules 
scattered over the serosal surface of the 
abdominal viscera, which extended through the 
inguinal canal, and were widely dispersed over 
the tunica vaginalis of the left and right testes. 
There was gelatinous edema of the scrotal 
epidermis and tunica dartos, as well as 8-10L of 
serosanguinous peritoneal effusion, which 
contained numerous fibrin clots. 
 
Laboratory results: 
Immunohistochemistry revealed strong positive 
cytoplasmic immunoreactivity for pancytokeratin 
antibody clone AE1/AE3. Low numbers of 
individual or clustered neoplastic cells reacted 
with the anti-vimentin antibody (clone V9). 
 
Microscopic description: 
Sections of the forestomachs and spleen were 
examined histologically. Extending from the 
serosa of the spleen and forestomachs is a poorly 

Peritoneal mesothelioma, Friesian calf, multifocal to 
coalescing, variably-sized nodules scattered over the 
serosal surface of the abdominal viscera. (Photo courtesy 
of the Institute of Veterinary Animal and Biomedical 
Sciences, Massey University, New Zealand) 



demarcated, unencapsulated, highly cellular 
population of neoplastic mesothelial cells 
forming papillary and micropapillary projections, 
supported by a fine fibrovascular stroma. 
Neoplastic cells are pleomorphic, polygonal to 
spindle-shaped, with variably distinct cell 
borders, a moderate amount of eosinophilic, often 
vacuolated cytoplasm, round to ovoid central 
nuclei, vesicular to stippled chromatin and 1-3 
nucleoli. There is moderate anisocytosis and 
anisokaryosis and rare multinucleated cells (up to 
4 variable sized nuclei) with evidence of nuclear 
molding. The mitotic rate is 2 per 40X HPF. 
Scattered neoplastic cells are hypereosinophilic, 
shrunken and have pyknotic nuclei (necrosis). 
There are occasional small aggregates of 
lymphocytes and rare neutrophils scattered 
through the neoplastic cells.  
 
Contributor’s morphologic diagnosis: 
Rumen and spleen: Peritoneal mesothelioma, 
epithelioid, Friesian, Bovine. 
 
Contributor’s comment: 
Mesotheliomas are rare in all domestic animals, 
most commonly reported in cattle and notable as 
a congenital tumor of calves.  They are also 
described in dogs, cats, horses, rats, and more 
recently in wildlife species including skunks, 
Amazon Parrots and jaguars. 8,9,14 
 
Mesotheliomas may arise on the pleura, 
pericardium, and peritoneum (including tunica 
vaginalis of the testes). Most bovine 
mesotheliomas are peritoneal, with ascites as the 

primary presenting clinical sign.12 In fetal cases, 
this can lead to dystocia.10 Congenital tumors 
have been described as those discovered in 
fetuses or in calves younger than two months of 
age.11  
 
Mesothelial cells secrete serous fluid,3 as well as 
performing homeostatic and innate immune 
functions. Mesotheliomas spread readily by 
seeding, so are usually considered malignant,12 
although lymphatic metastasis and direct 
invasion also occur. Scrotal tunica vaginalis 
involvement is reported in rats, dogs, humans and 
bulls, including rare historical reports of 
congenital cases in calves.1  
 
Histological classifications include epithelioid 
(cuboidal cells forming papillary projections over 
a fibrovascular core), sarcomatous (spindle-
shaped cells) and biphasic (mixed) patterns. 
Epithelioid tumors are further divided in animals 
into those with non-neoplastic scirrhous 
proliferation with sparse neoplastic mesothelial 
cells (sclerosing mesotheliomas), or those 
predominantly composed of neoplastic cells 
forming cystic, tubular, solid, deciduoid or 
papillary structures.12 Papillary is the most 
common subtype.  The stroma can have 
chondroid or osseous differentiation, evidence of 
the multipotency of mesothelial cells.6  
 
Differential diagnoses include metastatic 
carcinoma and hyperplastic (reactive) 
mesothelium. It is very difficult to distinguish 
between mesothelioma and hyperplasia  
cytologically,12 because reactive mesothelial cells 
can share the large nucleoli,  binucleation and 
mitotic figures of their neoplastic counterparts. 
Mesotheliomas may have indistinct vacuoles, 

Spleen, reticulum, calf.  Subgross magnification of the 
tissues submitted for examination.  At low magnification, a 
papillary neoplasm extends outward from both tissues.  
(HE, 5X) 

Serosa, reticulum, calf.  Higher magnification 
demonstrating the papillary nature of the neoplasm. (HE, 
15X) 



compared to crisper vacuoles suggestive of 
adenocarcinoma.4 Similar to adenocarcinomas, 
histologically epithelioid mesotheliomas form 
tubules, papillae, trabeculae and can form 
pseudoacini containing basophilic extracellular 
material. If these cells have columnar shape and 
eccentric nuclei, adenocarcinoma should be 
considered. 
 
Mesotheliomas secrete Alcian-Blue-positive 
hyaluronic acid in their cytoplasm and stromal 
matrix. After removal by pre-treatment with 
hyaluronidase, this delineates mesothelioma from 
adenocarcinoma (which remains Alcian-blue-
positive, due to its neutral mucin).  
 
Immunohistochemical staining of mesotheliomas 
is positive for cytokeratin 18 and vimentin. 
Calretin positivity indicates likely mesothelioma 
(particularly biphasic) over adenocarcinoma, 
along with carcinoembryonic antigen negativity 
(CEA- human only).  
 
Ultrastructure is also helpful in distinguishing 
between carcinoma and many mesotheliomas, 
because epithelioid mesotheliomas have 
plentiful, long, sometimes branching microvilli 
over most of their surface, and circumferential 
nuclear intermediate microfilaments, whereas 
adenocarcinomas (while they share desmosomes 
and tight junctions) have few to absent microvilli 
and no perinuclear microfilaments.6 
 
In humans, mesothelioma is associated with 
exposure to asbestos, radiation and possibly 
SV40, and in F344 rats can be induced by 
vinylidene chloride. Crocodilite, the most 
oncogenic asbestos fiber, interferes with spindle 

and chromosome motion in mitosis, which is 
thought to cause translations, deletions and 
aneuploidy.7 
 
Ferruginous bodies have been identified in the 
lungs of cattle and dogs with mesothelioma, 
however in many other domestic animal cases 
there were no asbestos bodies and no historical 
exposure. Asbestos bodies can be difficult to 
identify by light microscopy.6 
 
In F344/N rats, gene expression of spontaneous 
mesotheliomas showed downregulation of tumor 
suppressors PTEN and TP53 and GADD45, 
along with overexpression of an anti-apoptotic 
BCl mediator (Bcl12a1) and downregulation of 
pro-apoptotics BAX, and Fadd and Fas 
mediators. These rats also had upregulation of 
growth factors TGFα and TGF β, IGF, p38MAPK 
and NFKB. Interestingly, there was also 
paradoxical downregulation of cell cycle 
mediators MYC and JUN.2 
 
Contributing Institution: 
Massey University  
Institute of Veterinary, Animal and Biomedical 
Sciences  
Private Bag 11 222  
Palmerston North 4442  
New Zealand 
 
JPC diagnosis: 
Serosa, reticulum and spleen:  Mesothelioma, 
papillary type, Friesian, bovine. 
 
JPC comment: 
There may be tissue variation between slides. The 
images captured at JPC were from the affected 

Splenic serosa, calf:  High magnification of cuboidal 
neoplastic cells lining papillary projections, with marked 
anisokaryosis and anisocytosis. (HE, 400X) 

Splenic serosa, calf:  In this area, the fibrous stroma is 
dense, with neoplastic cells forming nests and packets 
within it.  (HE, 125X) 



reticulum, but there may be slides of rumen as 
well. 
 
The contributor provides a concise narrative 
about mesothelioma and touches on some of the 
molecular pathogenesis of this disease. A 
Disintegrin And Metalloprotease (ADAM) 
transmembrane proteases, and specifically 
ADAM10, are overexpressed in several cancers. 
A critical aspect of ADAM10 is its sheddase 
activity, which can cleave growth factors, 
receptors, and adhesion proteins, which each play 
important roles in tumor progression. ADAM10 
can cleave CD44, E-cadherin, N-cadherin, and 
L1 adhesion molecules, an ability correlated with 
neoplastic cell migration and invasion. Using in 
vivo mouse models, using siRNA to deplete 
ADAM10, migration of malignant mesothelial 
cells was decreased, presenting a potential 
treatment strategy.13 
 
Ferroptosis is a pathway of cellular death that 
involves iron-dependent lipid peroxidation, with 
glutathione peroxidase 4 (GPX4) the central 
regulator. Dysregulation of ferroptosis has been 
implicated in ischemic organ damage and cancer. 
Inhibition of GPX4 can directly facilitate 
ferroptosis, which contributes to the antitumor 
function of p53, BAP1, and fumarase. Ferroptosis 
can be regulated by cadherin-mediated NF2 and 
Hippo signaling pathways. Interruption of these 
pathways allows the proto-oncogenic 
transcriptional co-factor YAP to promote 
ferroptosis. A recent mouse model of malignant 
mesothelioma showed that inactivation of NF2 

rendered neoplastic cells more sensitive to 
ferroptosis, revealing the NF2-YAP signaling as 
a potential area of treatment.15 
 
In the field of artificial intelligence, classification 
is one of the most basic tasks performed 
regularly. One simple example of classification is 
the spam filter used to classify emails using 
natural language processing and other 
characteristic signatures. A neural network is a 
series of nodes between an input and output, with 
weights associated with transitions between 
nodes. The end result is a model that will classify 
the input into designated output categories. There 
is tremendous efficiency and capability variation 
of neural networks determined by the number of 
nodes, forward or backward propagation, 
supervised versus unsupervised learning, and 
other statistical differences. Often the different 
nodes, or groups of nodes, can be correlated to 
specific decision criteria. A French research 
project, MesoNet, leveraged the data from 
MESOBANK and created a neural network to 
classify whole slide images of malignant 
mesotheliomas in humans. They were able to 
correlate decision points to histologic features, 
such as inflammation in the stroma, cellular 
diversity, and vacuolization. By correlating the 
classifications with patient mortality data, it was 
determined that the model was more accurate in 
predicting patient survival than current pathology 
practice. While nearly 3000 cases of independent 
malignant mesotheliomas were required to build 

Serosa, reticulum, calf:  Neoplastic cells stain strongly 
positive for cytokeratin.  (anti-AE1-AE3, 400X) 

Abdominal viscera, Friesian calf: Low numbers of individual 
or clustered neoplastic cells reacted with the anti-vimentin 
antibody (clone V9) (Vim clone V9 40X) (Photo courtesy of 
the Institute of Veterinary Animal and Biomedical Sciences, 
Massey University, New Zealand) 



this neural network, if overtraining is avoided, 
models such as this may have sufficient 
transportability for use in other facilities and 
other datasets.5 
 
References: 

1. Baskerville A: Mesothelioma in calf. 
Pathologia Veterinaria 1967:4(2):149-+. 

2. Blackshear PE, Pandiri AR, Ton T-VT, 
Clayton NP, Shockley KR, Peddada SD, et 
al.: Spontaneous Mesotheliomas in F344/N 
Rats are Characterized by Dysregulation of 
Cellular Growth and Immune Function 
Pathways. Toxicologic pathology 
2014:42(5):863-876. 

3. Brower A, Herold LV, Kirby BM: Canine 
Cardiac Mesothelioma with Granular Cell 
Morphology. Veterinary Pathology 
2006:43(3):384-387. 

4. Butnor KJ: My approach to the diagnosis of 
mesothelial lesions. Journal of Clinical 
Pathology 2006:59(6):564-574. 

5. Courtiol P, Maussion C, Moarii M, et al. 
Deep learning-based classification of 
mesothelioma improves prediction of patient 
outcome. Nature Medicine. 2019;25:1519-
1525. 

6. Head KW: Histological classification of 
tumors of the alimentary system of domestic 
animals: Published by the Armed Forces 
Institute of Pathology in cooperation with the 
American Registry of Pathology and the 
World Health Organization Collaborating 
Center for Worldwide Reference on 
Comparative Oncology, 2003. 

7. Jeffrey G. Ault RWC, Cynthia G. Jensen, 
Lawrence C. W. Jensen, Lori A. Bachert, and 
Cozily L Rieder: Behavior of Crocidolite 
Asbestos during Mitosis in Living Vertebrate 
Lung Epithelial Cells. CancerResearch 
1995:55:792-798. 

8. Kim S-M, Oh Y, Oh S-H, Han J-H: Primary 
diffuse malignant peritoneal mesothelioma in 
a striped skunk (Mephitis mephitis). Journal 
of Veterinary Medical Science 
2016:78(3):485-487. 

9. McCleery B, Jones MP, Manasse J, Johns S, 
Gompf RE, Newman S: Pericardial 
Mesothelioma in a Yellow-naped Amazon 
Parrot (Amazona auropalliata). Journal of 
Avian Medicine and Surgery 2015:29(1):55-
62. 

10. Misdorp W: Congenital tumours and tumour-
like lesions in domestic animals. 1. Cattle - A 

review. Veterinary Quarterly 2002:24(1):1-
11. 

11. Misdorp W: Tumours in calves: Comparative 
aspects. Journal of Comparative Pathology 
2002:127(2-3):96-105. 

12. Munday JS, Löhr CV, Kiupel M: Tumors of 
the Alimentary Tract Tumors in Domestic 
Animals: John Wiley & Sons, Inc.; 2016: 
499-601. 

13. Sepult C, Bellefroid M, Rocks N, et al. 
ADAM10 mediates malignant pleural 
mesothelioma invasiveness. Oncogene. 
2019;38:3521-3534. 

14. Souza FDL, de Carvalho CJS, de Almeida 
HM, Pires LV, Silva LD, Costa FAL, et al.: 
Peritoneal mesothelioma in a jaguar 
(Panthera onca). Journal of Zoo and Wildlife 
Medicine 2013:44(3):737-739. 

15. Wu J, Minikes AM, Gao M, et al. 
Intercellular interaction dictates cancer cell 
ferroptosis via NF2-YAP signalling. Nature. 
2019;572:402-406. 



WSC 2020-2021 Self-assessment 
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1.  Which of the following is true? 
a. Chaperone proteins are responsible for degrading amyloid.   
b. Secondary amyloidosis is the most common form in animals. 
c. In Shar-Pei dogs, amyloid is primarily deposited in the glomeruli. 
d. Secondary amyloidosis is primarily associated with amyloid light chains. 

 
2. Serum amyloid-associated protein is produced in which organ? 

a. Thyroid gland 
b. Pancreas 
c. Kidney 
d. Liver 

 
3. Neonatal hepatic steatosis and cirrhosis is characteristic of both bovine and human 

lipodystrophy. 
a. True 
b. False 

 
4. Primary cerebral histiocytic sarcomas are thought to arise from what cell? 

a. Meningeal dendritic cells 
b. Parenchymal dendritic cells 
c. Microglia 
d. Infiltrating monocytes from the blood 

 
5. Which of the following is the most common subtype of mesothelioma? 

a. Papillary 
b. Cystic 
c. Solid 
d. Tubular 

 

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 2020-2021 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 1: A19-490A (4153162-00) 
 
Signalment:  
Adult, male, brown anole (Anolis sagrei)  
 
History: 
Multiple, free ranging brown anoles in western, 
central Florida, United States were observed to 
have multiple raised, disfiguring subcutaneous 
masses and facial swellings. Over the course of 
several months, six affected individuals were 
collected and submitted for post-mortem 
examination. The submitted photographs, 
photomicrographs, and histologic sections are 
from one of these animals. The findings were 
similar across all six individuals.  
 
Gross Pathology: 
Along the head, trunk, dorsal pelvic region, 
hindlimbs, and tail, there are tens of multifocal to 
coalescing, subcutaneous, fluctuant masses, 
which range from approximately 2 x 2 x 2 mm to 
6 x 6 x 4 mm. A few of the masses are 
superficially ulcerated and one on the 
ventrolateral aspect of the thoracic body wall is 
deeply ulcerated. On cut section, the masses are 
white, opaque, and gelatinous. There is also an ill-
defined swelling surrounding the caudoventral 
aspect of the left mandible, which extends to the 
left tympanum. The gross internal examination is 
unremarkable.  

The submitted slides include sections from the 
masses on the tail and one of the hindlimbs.  
 
Laboratory results: 
PCR (16S and 16S-23S IGS): 100% sequence 
identity to a novel Enterococcus sp. reported in 
reptiles from Christmas Island 
 
Microscopic description: 
Multifocally elevating the epidermis and 
infiltrating and expanding the dermis, subcutis, 
skeletal muscle, and vertebral bone, there are 
several large, mass-like aggregates of numerous 
coccoid bacteria. The bacteria are less than 1 
micrometer in diameter, and they form distinct, 

Presentation, brown anole.  There are multifocal raised 
nodules on the tail, limbs and dorsum of this individual. 
(Photo courtesy of University of Florida College of 
Veterinary Medicine, Gainesville, FL) 



linear chains, which are embedded and 
surrounded by homogeneous, lightly basophilic 
material. Admixed with the bacteria and 
sometimes forming a thin rim around the 
aggregates, there are low to moderate numbers of 
scattered macrophages, multinucleated giant 
cells, lymphocytes, and fewer granulocytes. The 
epidermis overlying the masses ranges from 

mildly hyperplastic to multifocally eroded or 
ulcerated. Areas of ulceration are often covered 
by a moderately thick crust containing many 
degenerating granulocytes, sloughed keratin 
debris, and aggregates of the previously 
described coccoid bacteria. Skeletal muscle fibers 
adjacent to the bacterial aggregates sometimes 
exhibit degenerative changes characterized by 
myofiber swelling, alterations in staining 
properties ranging from pallor to 
hypereosinophilia, fragmentation of the 
sarcoplasm, and/or nuclear condensation. 
Aggregates of bacteria multifocally invade and 
destroy the cortices of vertebral bones, 
sometimes extending into the spinal canal and 
wrapping around the spinal cord. Infrequently, a 
few small aggregates of bacteria with few 
inflammatory cells are also present within the 
marrow spaces of vertebrae. The remaining 
adjacent bone is often irregularly scalloped and 
exhibits several lightly basophilic reversal lines 
that parallel the natural margin of the bone. The 
white matter of the spinal cord contains many 
empty, dilated axon sheaths, which infrequently 
contain low numbers of macrophages (digestion 
chambers). In some, but not all sections, low 
numbers of nematode larvae are scattered 
throughout the skeletal muscle, within small cyst-
like spaces that are surrounded by a thin rim of 

Limb and tail, brown anole.  Three sections of limb and tail 
are submitted for examination.  At low magnification, 
amphophilic colonies of bacteria elevated the overlying 
epidermis, and efface the dermis, dermis, skeletal muscle, 
and bone. (HE, 5X). 

Skin and dermis, brown anole.  Numerous curvilinear arrays of encapsulated cocci expand the dermis and elevate the overlying 
epidermis.  (HE, 400X).   



epithelioid macrophages and lymphocytes. The 
nematodes are approximately 80-100 
micrometers in diameter, and they have a 
moderately thick, eosinophilic tegument. They 
have coelomyarian, polymyarian musculature 
and prominent lateral cords. There is a central 
digestive tract lined by several cuboidal to 
columnar epithelial cells.  
 
Contributor’s morphologic diagnosis: 

1. Dermatitis, myositis, and osteomyelitis, 
granulomatous and granulocytic, 
multifocal to coalescing, chronic, 
marked, with aggregates of chain-
forming, coccoid bacteria and associated 
myofiber degeneration, bony 
remodeling, and axonal degeneration  

2. Myositis, granulomatous, multifocal, 
chronic, mild, with intralesional 
nematode larvae  

 
Contributor’s comment: 
Both the gross and histologic lesions observed in 
this group of brown anoles exhibited striking 
similarities to those recently reported in several 
species of lizards from Christmas Island, an 
Australian province in the Indian ocean.7 Given 
the morphologic similarities, PCR was performed 
on a sample obtained from one of the cutaneous 

masses, and the resultant gene products revealed 
100% sequence identity to the novel 
Enterococcus sp. identified in the lizards from 
Christmas Island. In both our group of anoles and 
in all species from Christmas Island (including 
three species of geckos and one species of skink), 
the infection was characterized by widespread, 
multi-organ involvement in which nearly all 
tissues were multifocally infiltrated and/or 
partially effaced by similar aggregates of the 
morphologically distinct bacteria.7 Involvement 
of the head with destruction of mandibular and 
maxillary bones was a consistent and prominent 
finding in both groups of lizards. 
 
Rare historical reports of morphologically similar 
infections have also been documented in several 
other species of lizards from Malaysia and 
Germany, although genomic sequencing was not 
performed in these cases.5,10 Despite 
classification of these organisms as streptococcal 
species based on morphologic features, the 
similarity of the histologic lesions and bacterial 
morphology to the more recent cases suggest that 
the bacteria may have represented either the same 
species or a closely related species of 
Enterococcus. In previously reported 
experimental inoculations, the disease was 
characterized by high morbidity and mortality 

Skeletal muscle and vertebral remnant:  Few uni- and multinucleate macrophages are scattered through the bacterial colonies. 
Rare macrophages contain cytoplasmic melanin granules. (HE, 400X) 



and by a slow progression, often taking several 
months for external lesions to develop and for 
natural death to ensue.10 The mechanism of 
bacterial spread is currently unknown, although 
the frequency of lesions on the head and jaws has 
led to speculation that fighting and bite wounds 
may be involved.10 
 
The bacteria exhibit distinctive morphologic 
features and unique staining properties that make 
them easy to recognize in cytologic or histologic 
specimens. The organisms form distinct chains 
and are embedded within a lightly basophilic 
matrix material. They are gram-positive, 
although in our experience, the matrix material 
can interfere with stain uptake, and diastase 
digestion prior to Gram staining yielded more 
consistent results. Uniquely, the organisms are 
also PAS positive, with PAS staining 
concentrating in a thin rim along the surface of 
the bacterium. On electron microscopy, the 
bacteria have a moderately thick capsule and 
numerous thin, linear structures that project from 
the surface into the surrounding matrix material, 
compatible with fimbriae or pili. Despite the 
markedly high number of bacteria present within 
lesions, accompanying inflammation is 

characteristically mild or sometimes moderate. 
Presumptively, inflammation may be mitigated 
by the presence of the thick matrix material in 
which these organisms are embedded, especially 
as matrix deposition, the formation of pili, and 
subsequent biofilm production is a commonly 
reported contributor to pathogenicity in other 
species of Enterococcus.1,7 
 
In general, Enterococcus species are ubiquitous 
organisms that represent common gastrointestinal 
commensals of many species, including humans, 
domestic mammals, and birds.1,4 Most frequently, 
pathogenicity is associated with opportunistic 
infections, and multi-drug resistance is 
commonly reported in both humans and 
veterinary species.1,4 Enterococcus sp. are 
fastidious organisms and often require specific 
media conditions for successful growth in 
culture.7 
 
Although not present in all submitted slides, 
many of the slides included one or more sections 
of intramuscular nematode larvae within thin-
walled granulomas. These organisms were 
considered incidental and likely unrelated to the 
systemic Enterococcus sp. infection. 
 
Contributing Institution: 
University of Florida College of Veterinary 
Medicine  
Department of Comparative, Diagnostic, and 
Population Medicine  
https://cdpm.vetmed.ufl.edu/ 
 
JPC diagnosis: 

1. Limbs and tail, dermis, skeletal muscle, 
bone:    Large colonies of cocci with mild 
lymphoplasmacytic and histiocytic 
dermatitis, brown anole, lizard. 

2. Limb: Granulomas, multiple, with 
nematode larvae. 

 
JPC comment: 
During conference discussion, it was noted that 
some sections and slides may not have contained 
nematode larvae within granulomas. However, a 
short discussion of anatomic and morphologic 
features of nematodes and their larvae took place. 
 

Skin, brown anole. Bacilli have an undulant thick capsule 
and numerous fimbriae projecting outward from the 
surface.  (Photo courtesy of University of Florida College of 
Veterinary Medicine, Gainesville, FL) 



The contributor concisely describes 
Enterococcus infections across several species. 
Much of the body of knowledge about 
Enterococcus species has been built from 
research on E. faecalis and E. faecium, pathogens 
that produce disease in humans. Features that 
contribute to virulence and pathogenicity include 
aggregation substance (an adhesin), a capsule, the 
cell wall, pili, cytolysin, secretion of extracellular 
superoxide, gelatinase, iron acquisition, 
enterococcal surface protein (esp), and a variety 
of microbial surface components recognizing 
adhesive matrix molecules (MSCRAMMs).8 
 
Enterococcus faecium, though a normal 
commensal of the human gastrointestinal tract, is 
a frequent cause of septicemia in hospitalized 
patients. Using transcriptome profiling (RNA-
seq) and high-throughput transposon mutant 
library sequencing (Tn-seq) to evaluate a 
vancomycin-resistant clinical isolate, specific 
genes were identified that allowed for survival 
and exponential growth in human serum. Several 
genes involved in de novo nucleotide 
biosynthesis (pyrK_2, pyrF, purD, and purH) and 
carbohydrate uptake (manZ_3, manY_2, ptsL) 
conferred the greatest virulence, and were critical 
to growth in serum.9 
 
In poultry, Enterococcus cecorum infection has 
been documented extensively, worldwide, since 
its first description in 1983. While this disease is 
notable for causing skeletal disease in broiler and 
broiler breeder chickens, the most striking feature 
is paralysis caused by an inflammatory mass that 
develops in the spinal column. This usually 
results in the bird sitting with both legs extended 
cranially and is considered a classic symptom.3 
 
Other reported infections in the brown anole also 
include Ranavirus (OIE reportable in amphibians 
but not reptiles), reovirus, and fungi of the 
Chrysosporium anamorph of Nannizziopsis 
vriesii-complex (CANV-complex).6 
 
A feature unique to some species of Lacertilia 
that has spurred research involves fracture planes 
and regrowth of lost tails. Though it lacks normal 
structure and is paler, muscle is regenerated, 
along with a cartilaginous tube in place of true 
vertebra.6 The key feature that allows 

regeneration is the blastema formation at the site 
of detachment, an aggregate of proliferating cells 
under a new, scar-free, epithelial layer. The cells 
of the blastema differentiate into all regenerated 
tissue types, though is likely lineage-restricted to 
one germ layer. While there are variations in 
regeneration of axolotls, salamanders, telosts, and 
lizards, current evidence indicates that 
ependymal cells of the spinal cord are most 
critical to the coordinated growth and 
differentiation of the blastema. With lizards the 
closest living relatives to mammals that are 
capable of scar-free healing, they have become 
the animal model for regenerative research in 
humans.2 
  
References: 

1. Arias CA, Murray BE. The rise of the 
Enterococcus: beyond vancomycin 
resistance. Nat Rev Microbiol. 2012;10: 266-
278.  

2. Gilbert EAB, Delorme SL, Vickaryous MK. 
The regeneration blastema of lizards: an 
amniote model of the study of appendage 
replacement. Regeneration. 2015;2(2):45-53. 

3. Jung A, Chen LR, Suyemoto MM, Barnes 
HJ, Borst LB. A review of Enterococcus 
cecorum infection in poultry. Avian Diseases. 
2018;62:261-271. 

4. Kataoka Y, Umino Y, Ochi H, Harada K, 
Sawada T. Antimicrobial susceptibility of 
enterococcal species isolated from antibiotic-
treated dogs and cats. J Vet Med Sci. 2014;76: 
1399-1402.  

5. McNamara TS, Gardiner C, Harris RK, 
Hadfield TL, Behler JL. Streptococcal 
Bacteremia in Two Singapore House Geckos 
(Gekko monarchus). Journal of Zoo and 
Wildlife Medicine. 1994;25: 161-166.  

6. Origgi FC. Lacertilia. In: Terio KA, 
McAloose D, St. Leger J, ed. Pathology of 
Wildlife and Zoo Animals. San Diego, CA: 
Elsevier. 2018:871-887. 

7. Rose K, Agius J, Hall J, et al. Emergent 
multisystemic Enterococcus infection 
threatens endangered Christmas Island 
reptile populations. PLoS One. 2017;12: 
e0181240.  

8. Stewart Gc. Streptococcus and Enterococcus. 
In: McVey DS, Kennedy M, Shengappa MM 
eds. Veterinary Microbiology. Ames, IA: 
Wiley-Blackwell. 2013:199-201. 

9. Zhang X, de Matt V, Prieto AMG, et al. 
RNA-seq and Tn-seq reveal fitness 



determinants of vancomycin-resistant 
Enterococcus faecium during growth in 
human serum. BMC Genomics. 2017;18:893. 

10. Zwart P: Streptokokkensepsis mit 
Hautwucherungen bei Eidechsen. 
International Conference of Zoo Animal 
Diseases, 1972 

 
 
 
CASE 2: F930 VP19265N (4152714-00) 
 
Signalment: 
1-year 6-months-old, female, African hedgehog 
(Atelerix albiventris) 
 
History: 
The hedgehog showed ataxia and visited the 
animal hospital. At the time of the initial visit, the 
hedgehog was mildly thin and showed ataxia in 
the bilateral forelimb. Although corticosteroid, 
vitamin B complex, and vitamin E were 
continuously administrated, the symptoms 
progressed to paralysis, and the hedgehog was 
died two months later. 
 
Gross Pathology: 
At necropsy, 3.5 mm soft, gelatinous, and grayish 
white mass was formed in rostral end of the right 
cerebral hemisphere. The liver was enlarged and 
discolored, and pulmonary edema was observed. 
 
Laboratory results: 
There were no abnormal findings on CBC, serum 
chemistry analysis, abdominal ultrasonography, 
and chest X-ray. 
 
Microscopic description: 
In the rostral end of the cerebrum, there is a well-
demarcated, unencapsulated mass. The neoplasm 
is composed of diffusely growing round to 
angular cells. Neoplastic cells are 10-18 microns 
in diameter with glassy, abundant eosinophilic 
cytoplasm and have distinct cell borders. Nuclei 
are round to oval and eccentric, with finely 
stippled chromatin and indistinct nucleoli. 
Mitotic figures are rare. The neoplastic cells 
stained positively for GFAP, but negative with 
Olig2 and Iba-1. 
 
 

Contributor’s morphologic diagnosis: 
Brain (cerebrum): Gemistocytic astrocytoma. 
 
Contributor’s comment: 
Astrocytomas are a type of glioma that consist of 
neoplastic cells that are morphologically similar 
to astrocytes and occurs in the brain and spinal 
cord. This tumor is well known in dogs and is 
divided into three grades by World Health 
Organization (WHO) classification on tumors of 
domestic animals: low-grade (well-
differentiated), medium-grade (anaplastic), and 
high-grade (glioblastoma) astrocytomas.5 
Additionally, low-grade astrocytomas are 
classified into three subtypes: fibrillary, 
protoplasmic, and gemistocytic astrocytoma.5 
Our case consistent with gemistocytic 
astrocytoma in terms of large, round to angular 
neoplastic cells with abundant eosinophilic 
cytoplasm. 
 
In African hedgehogs, astrocytoma, 
oligodendroglioma, oligoastrocytoma, 
ganglioglioma, and histiocytic sarcoma have 
been reported as primary intracranial tumors.1, 3, 8-

10 Muñoz-Gutiérrez et al. reported a series of 
primary central nervous system neoplasms in 
African hedgehogs, with primary central nervous 
system neoplasms identified in 12 of 762 
hedgehogs.8 Of the 12 cases in their report, six 
were gangliogliomas, five were astrocytomas, 
and one was an oligodendroglioma, and all 
astrocytomas were gemistocytic subtype.8 
Additionally, two cases of anaplastic astrocytoma 
have been reported.3, 9  

 

Cerebrum, hedgehog.  A nodular, well-demarcated 
neoplasm effaces 33% of the section of cerebrum.  (HE, 5X) 



Clinical symptoms such as progressive ataxia and 
paralysis suggestive of central nervous system 
manifestation should be differentiated from 
wobbly hedgehog syndrome (WHS) in African 
hedgehog. Histopathologically, WHS is 
characterized by bilaterally symmetrical myelin 
degeneration in the white matter.2 In our case, the 
onset of symptoms was at a young age of less than 
2 years of age, and WHS was clinically 
suspected. However, WHS was clearly denied by 
confirmed the neoplastic lesion and the absence 
of myelin degeneration. Because some primary 
intracranial tumors do not form clear masses, a 
detailed pathological observation of the brain and 
spinal cord is needed to rule out WHS. 
 
Contributing Institution: 
Laboratory of Pathology 
Faculty of Pharmaceutical Sciences 
Setsunan University 
45-1 Nagaotohge-cho, Hirakata  
Osaka 573-0101, Japan 
 
JPC diagnosis: 
Cerebrum:  Gemistocytic astrocytoma, low 
grade, African hedgehog, Erinaceinae. 
 
 

JPC comment: 
The contributor provides a brief summary of 
astrocytomas and Wobbly Hedgehog Syndrome. 
The 2016 WHO classification for human 
astrocytic neoplasms differs from the reference 
WHO classification in domestic animals, and 
now all diffuse human gliomas (astrocytic and 
not) are grouped together based on growth 
patterns and behaviors, and also the shared 
mutated isocitrate dehydrogenase (IDH) gene 
status. The new classification category includes 
WHO grade II and III astrocytic tumors, grade II 
and III oligodendrogliomas, grade II and III 
oligoastrocytomas, grade IV glioblastomas, and 
diffuse gliomas of childhood. While occasional 
gemistocytic astrocytes would be considered 

Cerebrum, hedgehog.  Sheets of neoplastic astrocytes separated by small amounts of vacuolated parenchyma comprise the 
neoplasm.  The neoplastic cells have abundant eosinophilic cytoplasm and resemble gemistocytic astrocytes.  As neoplastic cells 
undergo degeneration, they become swollen, vacuolated and have hyperchromatic nuclei.  (HE, 395X) 

Cerebrum, hedgehog.  There is marked spongiosis, dilated 
axon sheaths, and mild gliosis of the surrounding 
parenchyma.  (HE, 400X) 



normal in a diffuse astrocytoma, there must be 
more than 20% gemistocytic astrocytes for the 
diagnosis of gemistocytic astrocytoma. As in this 
case, gemistocytic astrocytoma cells demonstrate 
strong cytoplasmic immunoreactivity to GFAP, 
and more than 80% of (human) cases exhibit 
nuclear immunoreactivity to p53.7 
 
IDH mutation status provides important 
diagnostic and prognostic information for 
patients with diffuse gliomas. IDH status may 
also be associated with efficacy of individualized 
treatment, therapeutic vaccines, and anti-IDH 
treatment. While the gold standard for diagnosis 
of IDH status is immunohistochemistry (R132H 
antibody), recent computational pathology efforts 
have focused on making IDH status 
determination using H&E slides only. Deep 
learning models were developed using a training 
set of known IDH-mutated and IDH-wild type 
cases, and further augmented by Generative 
Adversarial Network (GAN) training, resulting in 
an accuracy of classification by IDH status of 
85% using H&E alone. Adding an age variable to 
the model (< 55 years of age, 55 years of age or 
older) further improved the accuracy of 
classification to 96% in the older age group. This 
category of computational pathology may 
someday improve medical care and efficiency of 
resources.6 
 

GFAP is usually considered a well conserved 
intermediate filament expressed in well 
differentiated, less malignant astrocytic 
neoplasms. However, GFAP expression has also 
recently been observed in radial glia of the 
developing (human) brain, and in adult neural 
stem cells, indicating the GFAP is also expressed 
in immature, less fully differentiated glial cells. 
While GFAP expression may not be correlated 
with astrocytoma of different grades of 
malignancy, the two isoforms of GFAP may be 
useful markers for this determination. Higher 
levels of GFAPd expression (alternative splice 
variant) relative to the normal isoform GFAPa 
appears to be correlated with higher grades of 
malignancy. Further research in veterinary 
species may be warranted in light of this human-
centric work.12 

 
The recently revised classification of canine 
gliomas attempts to simplify the categorization of 
these neoplasms and does not rely on 
stratification based on mutational status of 
previously identified susceptible genes in 
humans.4 While a very small sample size, it was 
once found that none of 25 sampled canine 
gliomas contained an IDH mutation, suggesting a 
potentially different pathogenesis than human 
gliomas.11 However, as was stated in the revised 
classification, "there is much to learn about the 
histogenesis and behavior of these tumors … a 
more detailed system will depend on future 
molecular studies and more thorough clinical 
annotation."4 
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CASE 3: 19080625 (4152936-00) 
 
Signalment: 
A 7-year-old, intact female, leopard tortoise 
(Stigmochelys pardalis) 
 
 
 

History: 
This animal had a one-month history of 
respiratory distress and nasal discharge. 
 
Gross Pathology: 
The oral cavity contains multiple off-white to 
light tan, confluent plaques on the lingual and 
gingival mucosa. Numerous, viable, beige, 
cylindrical, approximately 0.3 to 0.4 cm diameter 
ectoparasites (fly larvae) infiltrate the esophageal 
and peri-esophageal soft tissues at the entry of the 
esophageal tube. A red, 0.5 cm diameter, skin 
discoloration is present under the chin. The 
caudal coastal and vertebral carapaces are raised. 
Multiple cystic spaces, measuring up to 1-1.5 cm 
diameter, are observed in the left lung. These 
cystic structures are filled with a moderate 
amount of yellow-tan, clear and mucoid fluid. 
Numerous, up to 1 mm diameter, pale tan to white 
foci are evident on the surfaces of the spleen and 
liver. On cut section, these foci are scattered 
throughout the splenic and hepatic parenchyma. 
The stomach contains approximately 100 mLs of 
grey to brown, mucoid fluid. Two pale, raised, 
pinpoint foci are present on the mucosal surface 
of the stomach. The intestinal lumen contains a 
mixture of tan to pink, semisolid ingesta. Formed, 
dark green feces are present in the distal colon. 
 

Lung, leopard tortoise.  Multiple sections of lung are 
submitted for examination.  At low magnification, there is 
multifocal consolidation with numerous brightly 
eosinophilic aggregates of heterophils.  (HE, 5X) 



Laboratory results: 
Aerobic culture of the lung yielded large numbers 
of Proteus spp., Enterococcus faecalis, 
Alcaligenes spp., Citrobacter braakii, and 
moderate numbers of Pseudomonas aeruginosa, 
Escherichia coli, Providencia spp., Enterococcus 
casseliflavus, and Morganella morganii 
 
Microscopic description: 
Lung: Moderately to markedly filling random 
bronchi and bronchioles, also with multifocal 
expansion of the interstitium, are multifocal to 
coalescing areas of necrosis, composed of 
massive amounts of cellular and nuclear debris, 
numerous degenerate heterophils, and myriad 
numbers of intralesional coccobacilli. Necrotic 
foci are sometimes surrounded by increased 
numbers of intact heterophils and fewer 
macrophages. Affected bronchi and bronchioles 
are lined by either intact and necrotic, or absent 
epithelium. In other less affected areas, the 
bronchial and bronchiolar epithelium remains 
intact, and is moderately to markedly 
hyperplastic, with occasional intranuclear 
protozoa at various stages of development 
(coccidia). Developmental stages present 
include: intranuclear ovoid to spherical gametes 
that are up to 5-6 µm in diameter with granular 
basophilic cytoplasm and eccentric nucleus; 
intranuclear spherical meronts that are 5-7 µm 
with numerous banana-shaped merozoites; and 
intraluminal unsporulated oocysts that are 
approximately 8-12 µm in diameter. 
Multifocally, ectatic respiratory lumina often 
contain slightly granular, proteinaceous cellular 
debris interspersed with coccidia at various stages 
of development.  

 
Contributor’s morphologic diagnosis: 
Lung: Bronchointerstitial pneumonia, 
necrotizing, heterophilic and histiocytic, 
subacute, multifocal to coalescing, marked, with 
bronchi and bronchiolar epithelial hyperplasia 
with intranuclear protozoal coccidia, and 
intralesional coccobacilli 
 
Contributor’s comment: 
The microscopic features of the lung are 
consistent with the entity described as 
Intranuclear coccidiosis of testudines (TINC), 
which is presumed to be the primary change in 
this case. A variety of bacteria were isolated from 
the lung but are likely resultant from 
opportunistic infection or environmental 
contaminants.  
 
Infection of Testudines with intranuclear coccidia 
was first identified in the 1990s, and has now 
emerged as one of the most important infectious 
diseases affecting a variety of chelonian 
species.4,7 Reported species to date include 
radiated tortoise (Geochelone radiata), 
impressed tortoise (Manouria impressa), leopard 
tortoise (Geochelone pardalis), Travancore 
tortoise (Indotestudo forstenii), Bowsprit tortoise 
(Chersine angulate), Sulawesi tortoise 
(Indotestudo forsteni), Eastern box turtle 
(Terrapene carolina), Arakan forest turtles 
(Heosemys depressa), Spider tortoise (Pyxis 
arachnoides), flat-tailed tortoises (Pyxis 
planicauda), Galapagos tortoises (Chelonoidis 
nigra becki), marginated tortoise (Testudo 
marginata), Hermann’s tortoise (Testudo 
hermanni), Greek tortoise (Testudo graeca), 
Russian tortoise (Testudo horsfieldi), Indian star 
tortoise, African spurred tortoise (Geochelone 

Lung, leopard tortoise.  Higher magnification of the 
heterophilic and granulomatous inflammation effacing the 
faveolar septa and filling faveolar air spaces.   (HE, 53X) 

Lung, leopard tortoise.  Heterophilic inflammation is often 
centered on bacterial colonies.   (HE, 400X) 



sulcate), and yellow footed tortoise (Chelonoidis 
denticulatus).2,3,5-8 The causative agent of TINC 
is a novel coccidia that has not been assigned to a 
genus as of yet; however, the 18S ribosomal RNA 
(rRNA) nucleotide sequencing analysis reveals 
that it is most closely related to Eimeria arnyi and 
Eimeriid coccidum, based on two separate 
studies.5,6  
 
The route of transmission of TINC remains 
elusive, but direct, fecal-oral transmission is most 
likely, based on the finding of oocysts in the feces 
of TINC-positive tortoises, and successful 
infection of other tortoises following 
experimental oral inoculation.5 The unsporulated 
oocyst of this parasite is spherical, and measures 
6-12 µm in diameter with a centrally located 
sporont.5,7 Sporulation of the oocysts requires 3-4 
days, which is a crucial stage during the life cycle 
of TINC.5 The sporulated oocyst contains four 
sporocysts, which are thin and smooth walled, 
surrounding two sporozoites.5 Within the infected 
mammalian cell nuclei, one or more coccidia at 
variable stages of development can be detected. 
Trophozoites measure 2-5 µm in diameter.3,6 
Meronts are up to 7 µm in diameter with 
numerous merozoites.3,6 Merozoites are banana 
shaped, and measure 4 X 1.5 µm with a single 
central to slightly3-7 eccentric nucleus.3,6 
Macrogametes and microgametes are spherical 
and up to 6 µm in diameter.3,6 
 
Clinical signs can be variable and include: 
anorexia, lethargy, weight loss, weakness, 

increased respiratory effort, mild chronic 
conjunctival erythema, bilateral ocular and nasal 
mucoid discharges, oronasal fistula, ascites, 
retained  urine in the urinary bladder, severe 
cutaneous edema and/or ulceration.3,4,6,8 Death 
can occur within a few days after initial onset of 
clinical signs of disease.3,4 Useful antemortem 
diagnostic methods include cytologic 
examination of the nasal discharge, histologic 
examination of the affected tissue via biopsy, and 
molecular testing such as polymerase chain 
reaction (PCR) performed on swab specimens 
from the oral, ocular, nasal, and cloacal 
mucosa.4,6 Cytologic preparations generally 
include a predominance of lymphocytes and 
plasma cells, with fewer macrophages and 
granulocytes. Intranuclear coccidia can 
sometimes be detected within affected epithelia 
stained with Fite acid-fast, Periodic Acid-Schiff 
(PAS), or Wright-Giemsa.6 
 
TINC is a systemic disease, and gross lesions can 
be observed within a diversity of organ systems 
to include: alimentary, respiratory, 
cardiovascular, urogenital, and integumentary.3-7 
The common gross findings include pallor of 
mucous membranes, thick oral mucus, 
pseudomembranous enteritis, cloaca erythema, 
rhinitis, pulmonary congestion, pericardial and 
intestinal petechiae, firm kidneys with a gray to 
red mottled discoloration, splenic congestion, 
discolored liver, distended urinary bladder, and 
generalized subcutaneous edema.3-7 
Histologically, lymphoplasmacytic inflammation 
and necrosis with intranuclear, or less frequently, 

Lung, leopard tortoise.  Scattered throughout the section 
are areas in which faveolar pneumocytes contain 
developing intranuclear coccidial gamonts.   (HE, 400X) 

Lung, leopard tortoise. Multiple intranuclear zoites within 
schizonts are found within affected faveolar pneumocytes. 
(HE, 400X) 



intracytoplasmic and extracellular coccidial 
organisms are evident within the affected 
tissue.3,4,6,7 Various stages of coccidia are more 
commonly seen in the nucleus of respiratory 
epithelium, hepatocytes, biliary tree epithelium, 
pancreatic ductular and acinar cells, enterocytes, 
renal tubular epithelium, and urinary bladder 
epithelium, but they can also be detected in 
thyroid and adrenal glands, gonads, lymphoid 
organs, and skin.3,4,6,7 Quantitative PCR (qPCR) 
is a rapid and sensitive diagnostic option for 
confirmation of TINC in suspected cases.2  
 
Contributing Institution: 
Department of Veterinary Pathobiology 
College of Veterinary Medicine 
Oklahoma State University 
https://vetmed.okstate.edu/veterinary-
pathobiology/index.html 
 
JPC diagnosis: 

1. Lung: Pneumonia, interstitial, 
granulocytic, histiocytic, with bacterial 
colonies, type II pneumocyte 
hyperplasia, and interstitial fibrosis, 
leopard tortoise, chelonid. 

2.  Lung, bronchiolar and faveolar 
epithelium: Hyperplasia and 
lymphocytic inflammation, with 
intranuclear gamonts, intranuclear 
meronts, intracytoplasmic zoites, and 
extracellular oocysts. 

 
JPC comment: 
The concurrent bacterial pneumonia in this case 
likely contributed significantly to clinical signs. 
The inflammation is primarily centered on 
faveoli, indicating a likely hematogenous route of 
entry to the lungs. If the described lesions in the 
spleen and liver are similar in character to those 
in the lung, this animal was likely septic. 
However, without sections of other tissues, a 
definitive diagnosis can only be speculative. 
 
The contributor provides an excellent summary 
of this emerging disease of testudines. Since 
submission, this unnamed coccidian has also 
been documented in the red-footed tortoise 
(Chelonoidis carbonaria). One interesting aspect 
of this disease is that all discovered cases have 
occurred in managed-care settings, to include 

recently imported animals. With no documented 
cases in wild chelonians, there may be either too 
few free-living chelonian cases investigated1,11, 
and/or there is a variable related to captivity that 
modulates disease in these animals. 
 
Current recommended therapy includes 
antiparasitic medications, such as toltrazuril or 
ponazuril, though care should be taken not to 
conclude treatment prematurely. Chelonians that 
die following treatment have had fibrosis in areas 
previously infected by the apicomplexan, 
illustrating its potential long-term tissue damage 
to organs.1 
 
Tortoises often enjoy a long life but remain 
susceptible to environmental changes. Lonesome 
George was the endling Pinta Island tortoise 
(Chelonoidis abingdonii), and lived on Pinta 
Island, a small island of the Galapagos Islands 
chain, of Ecuador. Discovered in in 1971, he 
remained the last tortoise in the face of 
environmental degradation from introduced feral 
goats. He was relocated to the Charles Darwin 
Research Station on a nearby island for his 
safety, but never successfully reproduced with 
females of closely related species. He died in 
2012, an estimated 100 years old, still thought to 
be relatively young for a tortoise of his species.10 
 
Giant tortoises are among the longest-lived 
vertebrates and are studied as models of longevity 
and age-related disease. A global genetic analysis 
was performed on Lonesome George following 
his death. For comparison, a genome of 
Aldabrachelys gigantea was also sequenced, as a 
related tortoise that diverged from Chelonoidis 
abingdonii approximately 40 million years ago. 
Across a number of genes, there were similar 
numbers of copies of tumor suppressor genes 
(PTPN11, P2RY8, PML, NF2, SMAD4, PRDM1) 
in these two tortoise species, and there were more 
copies than in the human genome. Similarly, 
across several genes associated with ageing 
(NEIL1, RMI2, EEF1A1, GAPDH), the tortoises' 
genomes had more copies of genes than the 
human genome, most of which contribute to 
DNA stability and result in fewer mutations over 
time. Continued research with these genomes 
may reveal novel therapeutics or interventions to 
increase human survival with increased health.9 
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CASE 4: D18-10210 (4135869-00) 
 
Signalment:  
6-month-old, male intact inland bearded dragon 
(Pogona vitticeps) 
 
History: 
The animal had a 5-d course of anorexia and 
lethargy with terminal right head tilt. The animal 
was fed a daily diet of 10–15 superworms 
(commercially purchased), green turnips, and 
collard greens. The animal died 1 d after the 
owner noted that the beard of the animal had 
turned black. 
 
Gross Pathology: 
The animal was in a good nutritional state, 
weighing 145 g. The pericardial sac was 
markedly dilated and filled with clotted and 
unclotted blood. Fibrinous exudate adhered to 
and diffusely coated the inner aspect of the 
pericardial sac. Poorly defined white 
homogeneous glossy tissue was present at the 
base of the heart. The heart was maximally 
contracted. The coelomic cavity contained ~4 mL 
of clear amber watery fluid (hydrocoelom). An 
~1 × 1.3 cm diameter conglomerate of ~0.5 cm 
diameter, smooth, beige nodules was present next 
to both testes. 
 
 

 

Heart, bearded dragon.  Two sections of the heart are 
presented for examination.  The ventricle and atrial 
appendage are covered by a thick layer of cellular fibrous 
connective tissue.  (HE, 5X) 



Laboratory results: 
A 265-bp sequence of the internal transcribed 
spacer 1 (ITS1) region of the ribosomal RNA 
gene was 100% homologous with E. pogonae 
(GenBank accession KR998311). 
 
Microscopic description: 
The slide contained a longitudinal section of the 
heart with the ventricle and one atrium. The 
epicardial surface of the atrium was expanded 
and covered by a densely cellular infiltrate 
largely composed of macrophages admixed with 
fewer heterophilic granulocytes. Multifocally 
within the atrial epicardial infiltrate, epithelioid 
macrophages were arranged around a core of 
eosinophilic debris. This debris contained 
numerous, weakly basophilic-staining 

microorganisms. These microorganisms were 
slightly elongated, up to 2 μm long, and contained 
a vacuole. The cytoplasm of occasional 
macrophages was extended by similar 
microorganisms. The organisms were gram-
positive and weakly PAS-positive but acid-fast–
negative and negative with the GMS stain. 
Giemsa stain highlighted the wall and nucleus of 
the microorganisms. The epicardium of the 
ventricle and of one atrium (of the heart) were 
multifocally lined by a thick membrane of fibrous 
connective tissue. The connective tissue 
membrane covering the ventricle contained 
scattered mixed cellular inflammatory infiltrates 
(lymphocytes, plasma cells, macrophages and 
heterophilic granulocytes). The fibrous 
connective membrane covering the apex of the 
heart had subtle fibrin deposits on the outer 
surface. 
 
On transmission electron microscopy, the 
microorganisms were identified as 
microsporidians based on the presence of 
exospore, endospore, vacuole, nucleus, and a 
polar filament. The organisms averaged 1.83 μm 
long × 0.92 μm wide. The polar filaments had 4–
6 coils and averaged 61 nm in diameter. 
 
 

Heart, atrium, bearded dragon.  Multifocally, poorly 
formed heterophilic granulomas are scattered through the 
markedly thickened epicardium.  (HE, 75X) 

Heart, atrium, bearded dragon.  At the periphery of the heterophilic granulomas, macrophages contain numerous 2-3um 
microsporidial spores in their cytoplasm. (HE, 554X) 



Contributor’s morphologic diagnosis: 
Heart, epicarditis, granulomatous and 
heterophilic, widespread, chronic, marked with 
intrahistiocytic microorganisms (presumably 
microsporidia) 
 
Contributor’s comment: 
The contributor writes in his most recent journal 
article on this subject: 
 
"Microsporidia are atypical fungi that parasitize 
and cause disease in invertebrates, fish, 
amphibians, reptiles, and mammals.19 
Microsporidia reproduce within the host cell, 
including macrophages, in which they are 
detectable histologically.3,18 The spores are 
oblong and have a clear vacuole. They measure 
up to 3 μm long and ~1 μm in diameter, although 
some species have larger spores.1 Mature spores 
are refractile, gram-positive, and have variable 
tinctorial properties when stained with silver 
stains, Giemsa stain, and when subjected to the 
PAS reaction.3 On electron microscopy, the 
spores are characterized by an exospore, 
endospore, and coiled polar tubular filament.9,11 
The number of windings of this filament varies 
depending on species and developmental stage. 
Fatal and non-fatal microsporidian infections 
have been reported in central bearded dragons 
(syn. inland bearded dragon; Pogona 
vitticeps).6,10,12,14,15 In 2016, a microsporidian 
detected in a bearded dragon was identified as the 
new species Encephalitozoon pogonae.15"  
 
The case presented was characterized by a cardiac 
manifestation that led to hemopericardium 
presumably as a result of hemorrhage from the 
granulation tissue and likely to an impaired 
diastolic expansion of the ventricle (“restrictive 
epicarditis”).20 The hydrocoelom is evidence of 
heart failure, although the good nutritional state 
of the animal suggests that the disease did not 
negatively affect the animal for a prolonged time. 
Aneurysmal vascular disease is a common 
problem in bearded dragons; further investigation 
of the role of E. pogonae in vascular damage is 
indicated.16 The source of the microsporidian and 
the route of infection in both animals are 
uncertain. Bearded dragons are omnivores, and 
vegetables and insects usually comprise the 
majority of their captive diet. Insects harbor many 

known microsporidian organisms.19 The 
possibility of transmission of microsporidians 
from their insect prey to bearded dragons seems 
plausible but alternatively, fecal contamination of 
fruits and vegetables has been found to be a 
source of microsporidia.2 Vertical transmission of 
Encephalitozoon species has been documented in 
rabbits infected with E. cuniculi.5 
 
Contributing Institution: 
University of Minnesota Department of 
Veterinary Population Medicine/Minnesota 
Veterinary Diagnostic Laboratory - 
https://www.vetmed.umn.edu/departments/veteri
nary-population-medicine 
https://www.vdl.umn.edu/  
 
JPC diagnosis: 
Heart, epicardium:  Epicarditis, granulomatous 
and granulocytic, diffuse, chronic, severe, with 
marked epicardial fibrosis, and numerous 
intrahistiocytic and extracellular microsporidial 
spores, bearded dragon, lizard. 
 
JPC comment: 
The contributor provides a short review of 
microsporidia and Encephalitozoon pogonae and 
is the author of the most recent journal article 
describing this species in the bearded dragon. 
This case provides context for a review of 
microsporidian anatomy and lifecycle. 
 
Microsporidia are a diverse group of obligate 
intracellular, atypical fungi. The first 
microsporidian was described in the nineteenth 
century when "pepper disease" was afflicting 
silkworms in Europe. That particular agent was 
named Nosema bombycis in 1857, and at the time 
was considered a member of the schizomycete 
fungi. It was moved into the new classification 
'Microsporidia' in 1882, which is now composed 
of more than 150 described genera and more than 
1200 species.8 
 
The microsporidian spore, as described by the 
contributor, has an exospore wall, an endospore 
wall, sporoplasm within the spore membrane, a 
single or two closely associated nuclei 
(diplokaryon), a polarplast, the polar filament (or 
polar tube), and the posterior vacuole. The polar 
tube is often the most distinctive feature on TEM, 



attached to the anchoring disk, and extends 
straight for a portion of the spore, then coils 
around the periphery of the spore. The number of 
coils, their arrangement, and angle of the coils are 
well conserved within species and are a useful 
diagnostic tool for identification.4,8 
 
Oncotic pressure within the spore builds to 
critical levels, which is likely the initiator for 
germination. A complex sequence of events 
results in the polar filament being everted from 
the spore, varying in length from 50-500 μm, at 
speeds exceeding 100 μm/s. It is currently 
believed that the process of germination may 
result in an adjacent host cell being pierced by the 
polar filament, and then receiving sporoplasm 
(the infectious material of the spore) through the 
polar filament. The sporoplasm develops into 
meronts (merogony), followed by sporogony. 
Meronts give rise to sporoblasts, which develop 
into mature spores. Many species will be found 
within parasitophorous vacuoles in host cells.8 
 
One way to stratify the microsporidian species is 
based upon their ability to induce xenoma 
formation. Xenomas are composed of a 
hypertrophied host cell within which reside 
microsporidians at one life stage (spores, 
meronts, etc), and has the appearance of a cyst-
like structure in the host tissue. Some species 
known to induce xenoma formation include 
Glugea spp, Tetramicra spp, Loma spp, and 
others. Others such as Pleistophora spp, 
Nucleospora spp, Heterosporis spp, and others do 
not induce xenoma formation.13 
 
Microsporidian infections are rarely described in 
canines (Encephalitozoon spp), lagomorphs 
(Encephalitozoon cuniculi and other species), 
falcons (Enterocytozoon bieneusi), psitticines, 
passerines, and crocodilians (Encephalitozoon 
hellem), amphibians (Pleistophora spp, 
Alloglugea bufonis, others), fish (Pleistophora 
spp, Glugea spp), and invertebrates (various 
species).17 Most species noted to affect humans 
are zoonotic and/or waterborne, and is a 
particular problem in immunocompromised 
individuals, such as HIV/AIDS patients. In many 
of these cases, Enterocytozoon bieneusi causes 
lethal infections, often starting with diarrhea. 
However, numerous other Microsporidian 

species have also been documented in humans as 
well.4 
 
With additional research and documentation of 
cases, source and transmission route of 
Encephalitozoon pogonae may be ascertained, as 
well as whether vertical transmission is possible. 
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1.  In addition to being gram-positive, the novel Enterococcus sp. is positive for what other 
histochemical stain? 

a. Periodic acid-Schiff  
b. Giemsa 
c. Ziehl-Nielsen 
d. Warthin-Starry 

 
2. In a recent retrospective article on brain tumors in African hedgehog, the most common 

morphologic type of astrocytoma was? 
a. Fibrillar 
b. Pilocytic 
c. Gemistocytic 
d. Protoplasmic 

 
3. Which of the following would be a poor choice of a histochemical stain to demonstrate 

intranuclear coccidia in tortoises? 
a. Fite acid fast 
b. Wright-Giemsa 
c. PAS 
d. Brown-Hopps 

 
4. Germination of microsporidia is usually dependent on which of the following? 

a. Temperature 
b. Oncotic pressure within the spore 
c. Microavailablity of iron 
d. Decreased pH 

 
5. Which of the following would be an excellent choice in demonstrating microsporidial spores in 

tissue? 
a. Gram 
b. PAS 
c. Luxol fast blue 
d. Grocott’s methenamine silver 

 

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 2020-2021 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 1: 19764-13 (4048438-00) 
 
Signalment: 
3.75 year old neutered male Labrador retriever 
mix (Canis lupus familiaris) 
 
History: 
A gait change was first noted by the owner at 2.5 
years of age. By January 2013, overt pelvic limb 
ataxia and nail wear was observed, and the patient 
was beginning to develop fecal and urinary 
incontinence. Second examination in May 2013 
reveals worsening ataxia and reduced pelvic limb 
reflexes.  By September 2013 the dog was non-
ambulatory, paraparetic and was euthanized. At 
the time of euthanasia, the bladder had to be 
manually expressed and vocalizations were 
hoarse. 
 
MRI revealed T2 intensification in the T7 
vertebral body, but none in the spinal cord. CBC-
chemistry values normal when tests were done in 
January. The dog was genotypically normal when 
tested for SOD1 mutation found in canine 
degenerative myelopathy in February 2013. 
 
Gross Pathology: 
No lesions were noticed during preparation of 
tissues from microscopic examination. 
 
Laboratory results: 
None. 

Microscopic description: 
BICEPS FEMORIS MUSCLE: Scattered foci of 
lymphocytes and macrophages occur in the 
interstitium of the muscle. Degenerating and 
regenerating muscle fibers are associated with 
this inflammation. In addition, degeneration and 
necrosis of individual muscle fibers occur where 
inflammation is absent. These contain more 
frequent clusters of neutrophils. Protozoal 
trophozoites and cysts are present in the lesions. 
Some muscle bundles contain small angular 
fibers as well, and some of the nerves between 
muscle bundles appear to contain a reduced 
number of axons. 
 
SPINAL CORD: Sections of spinal cord are 
characterized by vacuolation of the subpial white 
matter, with extensive astrogliosis. Penetrating 
coronal vessels have plump endothelium and are 

Spinal cord and skeletal muscle, dog.  A section of spinal 
cord and biceps femoris are presented for examination. 
(HE, 5X) 



surround by variably thick lymphohistiocytic 
cuffs. In the tissue, there are small clusters of 
plasma cells and rare nests of neutrophils. The 
leptomeningeal infiltrate consists largely of 
plasma cells. The affected tissue contains 
coccidian protozoal cysts with bradyzoites and 
less common individual tachyzoites. Enlarged 
astrocyte nuclei are evident in the affected areas. 
Similar lesions were present in the brainstem, 
cerebellum, pons and medulla with mild cerebral 
lesions. As well as occurring near the pial surface, 
lesions were common near the ependymal lining 
of the brain ventricles. 
 
Contributor’s morphologic diagnosis: 
Widespread, surface-oriented lymphohistiocytic 
encephalomyelitis with plasmacytic meningitis 
and numerous coccidian protozoa 
 
Widespread multifocal lymphohistiocytic 
myositis, with localized neurogenic atrophy and 
frequent coccidian protozoa 
 
Contributor’s comment: 
This dog developed slowly progressive ataxia, 
beginning as an adult. At the time of death, over 
a year later active proliferation of Neospora was 
apparent in muscle and throughout the neuraxis. 
This animal had no history of immuno-
suppressive therapy. It is not clear whether this 
case represents reactivation of a silent infection 
of primary progressive infection of an adult 
animal. 
 
Neospora caninum is an apicomplexan protozoan 
parasite causing acute and recrudescent 
infections, primarily of dogs and cattle. Viable 
organisms can be isolated from cattle, water 

buffalo, sheep, dogs, horses, bison and 
miscellaneous wild ruminants and canids.6 
Vertical transmission is considered variable in 
dogs and may not persist for repeat transmission 
during pregnancy.6 It is known that dogs can 
harbor encysted parasites in several organs, as 
detected by PCR.10 However, vertical trans-
mission from the dam to puppies, sometimes with 
disease, has also been documented.8,12 But, 
experimentally, not all dogs  given 10,000 
oocysts shed organisms or seroconverted.2  
Horizontal fecal transmission has not been 
proved, but dogs can shed organisms after being 
fed infected tissue. Dogs can also be infected with 
Toxoplasma gondii, Sarcocystis neurona5 and 
Sarcocystis spp17 which can be confused with 
Neospora if immunohistochemical or PCR 
confirmation is not performed. 
 
It is known that various isolates of Neospora 
caninum can vary in virulence.7 Using 
proteomics, Regidor-Cerrillo et al identified 
tachyzoite proteins associated with higher 
virulence15 that seemed to accentuate the gliding 
motility of the organism and increase oxidative 
stress. Some Neospora isolates killed about 10% 
of fetuses in a murine model of canine infection, 
while others were less pathogenic.4  
 
Whether adult dogs can undergo reactivation of 
infection leading to clinical disease is a matter of 
speculation. Neospora caninum has been known 
to cause disease in adult dogs undergoing 
immunosuppressive therapy,9,14,16 and the 
contributor has observed an additional case that 

Spinal cord, dog.  There is pallor and hypercellularity of the 
submeningeal white matter, with hypercellularity of 
Virchow-Robin’s spaces. (HE, 13X) 

Spinal cord, dog.  The submeningeal white matter is 
edematous, contains numerous dilated myelin sheaths and 
contains numerous perivascular cuffs of lymphocytes and 
histiocytes and histiocytes that infiltrate the adjacent 
parenchyma.  There are several intracellular cysts with 
contain numerous oval tachyzoites.   (HE, 158X) 

 



resulted in localized severe myositis with 
numerous organisms.  
 
Detecting infection can be problematic: it has 
been estimated that up to 32% of Algerian pound 
dogs were infected as tested by PCR, and there 
was poor correlation between PCR results and 
seropositive test results among individuals.10  
 
In cattle, abortions occur after oocysts are 
ingested during pregnancy or with reactivation of 
previous infection.6 There is an estimated 40-60% 
rate of vertical transmission, although not all fetal 
infections produce abortion. Most abortions 
occur at 5-6 gestational months, and less common 
CNS infection has been detected in calves less 
than 2 months of age. No predisposing 
immunosuppressive event is generally detected 
that might provoke reactivation.  
 
Much has been done to try to distinguish 
reactivation from primary infection from chronic 
infection serologically. Cattle with antibody to 
both tachyzoite and bradyzoite antigen are 
suspected of reactivation. Anti-GRA7 (dense 
granule protein) antibody is found in acute 
infection or reactivation, while SAG4 (bradyzoite 
specific) antibody rise indicates chronic 
infection.2 Cell-mediated immunity is potentially 
needed to control infection and is predominantly 
Th1.13 Treatment with IFN-ɣ or TNF-α was 
shown to reduce tachyzoites. 
 
Contributing Institution: 
Veterinary Medical Diagnostic Lab  
University of Missouri 
VMDL.missouri.edu 
 

JPC diagnosis: 
1. Spinal cord: Meningomyelitis, necroti-

zing and lymphohistiocytic, diffuse, 
moderate, with numerous apicomplexan 
cysts, Labrador retriever, canine. 

2. Skeletal muscle:  Myositis, 
lymphohistiocytic, multifocal, moderate, 
with intracellular apicomplexan cysts. 

3. Skeletal muscle: Atrophy, segmental, 
marked. 

 
JPC comment: 
There was discussion in conference that there 
may have been some slide variation, with some 
participants receiving sections of brainstem as 
well as spinal cord. The morphologic diagnosis 
will differ slightly, but the pathologic process 
remains the same. 
 
The contributor provides a concise summary and 
explanation of this case. Neospora spp have three 
distinct infectious stages: tachyzoites, tissue 
cysts, and oocysts, with tachyzoites and tissue 
cysts found in both intermediate and definitive 
hosts. As stated by the contributor, N. caninum 
does not cause significant disease in adult cattle 
but causes abortion in beef and dairy cattle. Some 
common lesions in fetal calves include 
lymphocytic, plasmacytic, sometimes histiocytic 
hepatitis, pancarditis or myocarditis, myositis, 
and placentitis. The most common CNS lesion in 
bovine fetuses is multifocal discrete foci of 
necrosis, primarily in the brain, and the spinal 
cord to lesser extent. While capable of causing 
disease in dogs of all ages, the most common 
CNS lesions are necrotizing granulomatous, 
lymphoplasmacytic, and sometimes eosinophilic 

Spinal cord, dog.  Higher magnification of three 
apicomplexan cysts within the affected white matter.  (HE, 
477X) 

 

Skeletal muscle dog.  There is evidence of mild skeletal 
muscle degeneration with tinctorial change of fibers, 
hyperplasia of satellite nuclei, and infiltration of histiocytes 
within the endomysium. One fiber contains in intracellular 
apicomplexan cyst with numerous bradyzoites. 

 



meningoencephalomyelitis, with tachyzoites 
often visible in lesions.3 
 
The innate immune system is important in 
recognition of Neospora caninum. Both TLR2 
and TLR3 play a role in initial recognition and 
induce production of IL-12 and IFN-ɣ. However, 
recent research has centered on nucleotide 
oligomerization domain (NOD)-like receptors 
(NLR). A specific group of NLRs sense 
multiplying pathogen associated molecular 
patterns (PAMP) or damage associated molecular 
patterns (DAMP) and initiate the formation of the 
inflammasome. The NLRP3 inflammasome 
sense extracellular ATP, nigericin, and uric acid 
crystals, as well as many bacteria, viruses, fungi, 
and parasites. Research using murine peritoneal 
macrophages showed that to activate the NLRP3 
inflammasome, two signals are required. The first 
is usually provided by NF-kb which results in 
increased transcription of NLRP3 and pro-IL-1b 
and pro-IL-18. The second signal is downstream 
and initiated by the first step, and then causes 
inflammasome complex formation, resulting in 
caspase-1 proteolytically cleaving pro-IL-1b and 
pro-IL-18 to their active forms. Concurrently, 
caspase-1 also triggers pyroptosis by cleaving 
gasdermin-D (GSDMD), resulting in GSDMD-
formed pores in the plasma membrane. In murine 
macrophages exposed to N. caninum, gene 
expression was significantly increased for 
NLRP3 (and NLRC4 and NLRC5 to a lesser 
extent). In Nlrp3-/- macrophages, significantly 
lower amounts of IL-1b and IL-18 were 
produced, resulting in a less robust immune 
response to the pathogen.18,19 
 

Neospora caninum has been detected in various 
avians as well, such as the chicken, sparrow, 
magpie, and buzzard. A recent finding in Iran was 
that a number of hooded crow (Corvus cornix) 
brains were PCR positive for either Neospora 
caninum, Toxoplasma gondii, but no coinfections 
were detected. The crows most likely become 
infected after ingesting oocysts from infected 
carrion, but their role in the lifecycle remain to be 
elucidated more fully.1 
 
A potentially emerging disease in China, 
Neospora caninum has been detected in pigs and 
reported for the first time. Serum samples 
collected from January 2017 until December 
2018 were tested and approximately 1.9% of all 
samples were positive for antibodies via a 
competitive-inhibition enzyme-linked immuno- 
sorbent assay (cELISA). Concurrently, PCR 
testing of brain samples was positive for N. 
caninum genes Nc-5 and the ITS-1 region, 
finding five and eight in 600 samples harbored 
the parasite, respectively. The testing shows that 
pigs can serve as an intermediate host for N. 
caninum, but the epidemiological significance is 
not yet clear.11 
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CASE 2:  No label (4135756-00) 
 
Signalment: 
18-year-old, gelding, Friesian horse, Equus 
caballus 
 
History: 
Depressed/dull mentation for the last 4 days; 
progressive neurologic signs, head pressing, 
weakness, falling down. Has had progressive 
weight loss over the winter. 
 
Gross Pathology: 
A complete gross necropsy was performed.  
Notable gross findings were limited to the liver, 
which was diffusely pale green to tan with a 
subtle reticular pattern that continued on cut 
surface. Diffusely the liver was markedly firm 
and contracted.  No gross brain lesions were 
identified. 

Clinical laboratory data. 



 
Laboratory results: 
See table. 
 
Microscopic description: 
Liver: Diffusely hepatocytes are degenerative 
and dysplastic with marked variation in cellular 
morphology characterized by abundant, variable 
vacuolated, cytoplasm (cytomegaly) and marked 
nuclear variation with stippled chromatin and 
prominent nucleoli (karyomegaly). Hepatocytes 
occasionally have two to several nuclei. Rarely 
affected hepatocytes are necrotic with shrunken 
cellular profiles, hypereosinophilic cytoplasm, 
cellular rounding and pyknotic to karyorrhectic 

nuclei. The interstitium is infiltrated by low 
numbers of individualized lymphocytes, plasma 
cells and pigment laden macrophages. Portal 
triads are diffusely expanded by an abundant 
amount of fibroplasia that dissects into the 
surrounding parenchyma and commonly 
connects adjacent portal triads (bridging fibrosis). 
Portal triads also have increased numbers of 
biliary profiles (biliary hyperplasia) and a 
moderate amount of oval cell hyperplasia. 
Multifocally hepatic lobules are hypercellular 
and expanded with loss of discrete architecture 
and portal triad drop out (nodular regeneration). 
 
Cerebrum: Throughout the gray matter are an 
increased number of astrocytes with many pairs 
and clusters of astrocytes with enlarged vesicular 
nuclei that are multifocally surrounded by a non-
staining rim (type 2 Alzheimer cells). Rarely, 
neurons in affected regions are hypereosinophilic 
and angular (necrotic). Small and medium caliber 
vessels have expanded Virchow-Robin spaces 
(vasogenic edema). 
 
Contributor’s morphologic diagnosis: 
Liver: Marked, chronic, toxic hepatocellular 
degeneration with portal and bridging fibrosis, 
biliary hyperplasia, megalocytosis and 

Cerebrum, liver horse.   A section of cerebrum (left) and 
liver (right) are submitted for examination.  At low 
magnification, a retiform pattern of pallor is seen within 
the section of liver. (HE, 5X) 

Liver, horse.  Portal areas are markedly expanded by fibrous connective tissue which often bridges between adjacent portal 
areas as well as extends into the peripheral hepatic lobule. Even at this low magnification, enlarged hepatocellular nuclei of 
megalocytes can be seen.  (HE, 71X) 



megalokaryosis, rare individual hepatocyte 
necrosis and nodular regeneration. 
 
Brain: Moderate, chronic, diffuse Alzheimer 
type 2 astrocytosis with multifocal neuronal 
necrosis and degeneration. 
 
Contributor’s comment: 
The triad of changes appreciated in the liver, 
namely the fibrosis, biliary hyperplasia, and 
megalocytosis with karyomegaly, are nearly 
pathognomonic for pyrrolizidine alkaloid (PA) 
toxicosis in horses. PAs are found within many 
different plants, particularly in the 
Borraginaceae, Compositae and Leguminosae 
families.1 PA is thought to be produced by plants 
to dissuade foraging by grazing animals. Many 
animals will not choose to eat PA containing 
plants unless better forage is not available. 
Several plant species are particularly problematic 
for domestic species, which includes Senecio, 
Crotalaria, Heliotropium, Amsinckia, Echium, 
and Cynoglossum species.3,5 In this particular 
case the exact plant species was not identified.   
 
PA is an indirect hepatotoxin requiring phase 1 
biotransformation from zone 3 hepatocytes 

utilizing P450 cytochrome (mainly CYP3A and 
CPY2B6).7 Three common pathways of PA 
metabolism have been identified including 
hydrolysis of PAs to release necines and necic 
acid, N-oxidation to form PA N-oxides, and 
oxidation of PAs to produce dehydro-
pyrrolizidine (pyrrolic ester) derivatives.2,7 The 
two former pathways are considered pathways of 
detoxification that lead to excretion of the PA via 
the urinary system. This is thought to partially 
determine differences in species susceptibility 
with rats lacking the required esterase activity 
and thus being very susceptible, while guinea 
pigs are highly resistant to toxicity.2 
Biotransformation via the third pathway of PA 
forms the dehydropyrrolizidine alkaloid (dPA). 
DPA is extremely reactive which can covalently 
bind to DNA or protein forming DNA adducts, 
protein adducts and DNA and protein cross 
links.7  
 
The cumulative effects of the toxic products lead 
to DNA replication but inhibition of successful 
mitosis. This excessive DNA replication without 
cell division leads to the microscopically 
appreciated cytomegaly and karyomegaly.1,3,5 
However, hepatocytes are not uniformly affected 

Liver, horse.  Portal areas (left and right) efface the periphery of the lobule with a combination of disordered fibrosis, plump 
fibroblasts, and proliferation of bile ducts lined by hypertrophic biliary epithelium.  Remaining centrilobular and midzonal 
hepatocytes exhibit marked hydropic generation and cytoplasmic which effaces sinusoids.  Several megalocytes exhibit 
markedly enlarged nuclei. (HE, 300X) 



with some cells retaining the ability to 
successfully replicate. This leads to the gross and 
histologic manifestation of small nodules of more 
typical regenerative hepatocytes. The 
corresponding biliary hyperplasia, typically 
prominent in PA toxicity, is thought to be a 
response to the local growth factors and stimuli 
released with chronic-active hepatocyte injury. 
Fibroplasia in these cases can be extremely varied 
with some species-specific findings with sheep 
having minimal fibroplasia and cattle displaying 
marked fibrosis.  
 
Three clinical forms of PA toxicity have been 
well established and include acute, phasic and 
prolonged exposure. The acute form is rare, as 
animals generally avoid ingesting large quantities 
of plants that contain high levels of PA due to 
poor palatability. This forms usually occurs with 
cases of starvation (when other forage is not 
available) or with experimental induction. It 
manifests with marked acute centrilobular to 
submassive necrosis with hemorrhage. The 
second, and most common form, is phasic or 
seasonal exposure. This form occurs with 
seasonal low-level grazing of plants with PA and 
manifests, as demonstrated in this case, with 
megalocytosis, biliary hyperplasia, and 
fibroplasia. The third form is prolonged exposure 

and is almost exclusively induced by 
Heliotropium, usually in sheep. This form leads 
to a small markedly fibrotic liver, which lacks the 
characteristic regenerative hepatocytes or 
megalocytosis.3,5  
 
As mentioned previously, there is a noticeable 
variation in presentation amongst species, which 
is multifactorial. Ruminants are considered more 
resistant than monogastrics due to the 
degradation of the PA within the ruminal 
fermentation processes. Amongst ruminants, 
sheep are considered to be the most resistant, 
requiring 20 times the concentration by oral 
exposure when compared to cattle.3 When 
affected, sheep classically present with the 
prolonged form of toxicosis due to Heliotropium. 
Pigs are considered to be the most susceptible 
species, while horses are moderately susceptible 
and present with either the acute or more phasic 
forms.1,3,5 
 
Although the liver is commonly considered the 
primary tissue affected by PA toxicity other 
tissues can be injured, some of which have certain 
plant specificities. It has been demonstrated that 
there is injury to endothelial cells within the liver, 
leading to the large degree of hemorrhage 
appreciated within the acute form. The injury 

Liver, horse.  High magnification of affected hepatocytes with hydropic swelling, abundant intracytoplasmic lipofuscin, 
occasional intracytoplasmic protein droplets and megalocytic nuclei.  (HE, 377X) 



here has been speculated to be from leakages of 
reactive PA from adjacent hepatocytes.2,3 Some 
PA containing plants, such as Crotalaria, have a 
wider tissue effect, commonly affecting renal 
convoluted tubules and Clara cells within the 
lungs. These tissue toxicities are thought to be 
due to the biotransformative properties of these 
cells.  
 
As mentioned, horses have intermediate 
susceptibility to PA toxicity, but have a high 
chance of developing hepatic encephalopathy in 
the face of a toxic insult, as demonstrated in this 
case. Hepatic encephalopathy in due to the 
increased concentration of ammonia and other 
liver related metabolites. Ammonia is considered 
directly neurotoxic, with astrocytes serving as an 
important cell for ammonia detoxification. 
Astrocytes detoxify ammonia via the synthesis of 
glutamine via glutamine synthase. Increased 
levels of glutamine in astrocytes cause astrocyte 
swelling, forming the classic type 2 astrocytes.8 
Interestingly, horses with hepatic encephalopathy 
don’t present with spongiform change at the 
white and gray matter junction. The exact 
pathogenesis of spongiform change, and why 
horses don’t have this manifestation, have not 
been clarified. 
 
 

Contributing Institution: 
Colorado State University 
http://csu-
cvmbs.colostate.edu/vdl/Pages/default.aspx 
 
JPC diagnosis: 
Liver: Fibrosis, portal and bridging, diffuse, 
moderate, with hepatocellular loss, 
megalokaryosis, megalocytosis, cholestasis, and 
ductular reaction (biliary hyperplasia), Friesian, 
equine. 
 
Cerebrum: Alzheimer's type 2 astrocytosis, 
diffuse, moderate, with gliosis, neuronal 
necrosis and satellitosis. 
 
JPC comment: 
During conference discussion, there was lively 
debate surrounding the severity of degenerative 

Cerebrum horse.  Neurons are often bordered by multiple glial nuclei (satellitosis). (HE, 400X) 

Cerebrum, horse:  Enlarged astrocyte nuclei are suggestive 
of Type II Alzheimer’s cells. (HE, 400X) 



neuronal changes, which was largely a result of 
slide variation among participants. 
 
While pyrrolizidine alkaloid (PA) compounds 
cause harm to veterinary species, they also have 
detrimental effects in humans. While animals 
often graze at the margins of pasture, or have PA 
containing plants co-harvested with feed plants, 
human PA toxicity is often more direct. In some 
areas of the world, dehydropyrrolizidine alkaloid 
(DHPA) producing plants have been eaten or 
used as part of herbal medicine for generations. 
There are a number of recent herbal products and 
remedies that contain DHPA compounds and are 
not regulated in any way (similar to nutrition 
supplements in the United States). Thousands of 
people were poisoned in Afghanistan and 
Tajikistan when grain, and subsequently grain, 
was contaminated. However, the scope of the 
problem is enormous, with more than 3000 plant 
species used in more than 50,000 herbal products, 
as of 2016. A number of government health 
organizations and agencies have developed 
regulations and recommendations for products 
containing DHPA compounds, including the 
United States, United Kingdom, Germany, 
European Food Safety Authority, Dutch National 
Institute for Public Health, World Health 
Organization, and Food Standards Australia New 
Zealand.6 
 
Based on the reactions required to metabolize 
DHPA compounds, it is reasonable to ponder 
whether they have carcinogenic or genotoxic 
effects. Testing individual DHPA compounds is 
difficult, because plants often contain only 2-3% 
of a compound and may be part of numerous toxic 
compounds. However, research has been 
conducted on riddelliine in rats and mice, because 
Senecio riddellii contained approximately 18% 
riddelliine and nearly no other DHPA 
compounds. Multiple murine studies have found 
dose dependent increases in the rates of neoplasia 
in subjects, with the most common finding 
hepatic hemangiosarcoma. A study using p53 
knockout mice replicated those findings and 
found that even exposure at the lowest dose (5 
mg/kg/day) for only 14 days resulted in an 
increased incidence of neoplasia. While evidence 
is incomplete, it is reasonable to assume other 

untested DHPA compounds may produce similar 
effects.6 
 
Donkeys have recently been used to research two 
species of Crotalaria and determine if they affect 
the same tissues in a similar manner. However, in 
the tested donkeys, Crotalaria retusa exposure 
was only associated with liver lesions at either the 
low or high dose, while Crotalaria juncea 
exposure primarily affected the lungs at high 
doses. Because the primary DHPA compounds in 
the two plants are different, this result suggests 
either that a toxic DHPA metabolite produced in 
the liver is released to systemic circulation and 
causes damage in the lung, or that the whole 
DHPA compound avoids metabolism in the liver 
and is oxidized by cytochrome P450 systems of 
club cells in the lung. In the study donkeys, 
because there were few liver lesions, it may be 
more likely that the majority of the DHPA 
compounds bypass the liver and are metabolized 
in the lung.4 
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CASE 3: PV200 (4119010-00) 
 
Signalment: 
A 4.5 years old, male castrated, Yorkshire terrier 
(Canis familiaris) 
 
History: 
Vomiting. Mass observed in the iliocecal junction 
on ultrasound. Resection and anastomosis of a 
distal portion of ileum and cecum with a mass on 
exploratory abdominal surgery.  
 
Gross Pathology: 
On exploratory surgery, a mass in the intestinal 
wall, at the ileocecal junction. 
 
Laboratory results: 
Normal serum protein. 
 
Microscopic description: 
Ileocecocolic junction. There are multifocal areas 
of saponification and cholesterol clefts present 
along the serosal margin, in the tunica muscularis 
and occasionally in the submucosa. These areas 
are surrounded by macrophages and 
multinucleated giant cells, with peripheral 
reactive fibrous tissue (granulomas). There is 
mild dilation of lymphatics in the submucosa and 
there is rare lymphangiectasia in the lamina 
propria. 
 
Contributor’s morphologic diagnosis: 
Focal mural intestinal lipogranulomatous 
lymphangitis 
 
Contributor’s comment: 
Lipogranulomatous lymphangitis is 
inflammation of the intestine and lymphatic 
vessels and surrounding tissues caused by chronic 
leakage of lipid-laden chyle.6 The most common 
cause of this type of finding is lymphangiectasia 

with protein losing enteropathy. The finding is 
usually diffuse along the serosa and mesentery of 
the small intestine.4,6 
 
Lymphangiectasia has been described in the dog 
as one of the most common cause of 
malabsorption/protein losing enteropathy.4 
Dilated intestinal lacteals result in lymph leakage 
into the small bowel lumen with subsequent 
protein-losing enteropathy with chronic diarrhea, 
wasting, hypoproteinemia, lymphopenia, 
hypercalcemia and hypocholesterolemia. 
Lymphangiectasia is associated with a syndrome 
that includes peripheral edema, ascites and 
hydrothorax, the result of hypoalbuminemia.4 

 
Breed predisposition includes Yorkshire terriers 
and Norwegian Ludenhunds, in which 
lymphangiectasia is part of the syndrome of 
protein losing enteropathy with inflammatory 
bowel disease and in which gastritis in gastric 
neoplasia may be concomitant.4,6 
 
In this case however, the dog had normal serum 
protein and the lesion was restricted to the 
iliocecal junction. There are two relatively recent 
reports2,5, of dogs with distal small intestinal 
thickening or masses, with evidence of 
lipogranulomatous lymphangitis. These dogs had 
normal total protein, albumin, globulin and 
cholesterol concentrations. The dogs presented 
with diarrhea, vomiting, abdominal pain and 
weight loss. 
 
Abdominal ultrasound indicated thickening of the 
distal small intestine or a mural mass in the 
ileocecal junction. There was no evidence of 
diffuse lymphangiectasia. 

Ileocecal junction, dog.  Within the cecal serosa and 
external muscularis, there are lakes of degenerate lipid and 
the submucosa is expanded and hypercellular. (HE, 5X) 



 

The histologic lesions were similar in all dogs. 
The lesions were in the distal small intestine. The 
wall of the intestine was expanded by 
inflammation, dilated lymphatics and fibrosis. 
There was formation of granulomas with central 
saponified fat or cholesterol clefts surrounded by 
neutrophils, foamy macrophages and 
multinucleated giant cells. 
 
Postoperative outcomes ranged from remission of 
clinical signs without treatment for 10 to 12 
months in two dogs, postoperative management 
with medical and nutritional management in three 
dogs and no outcome for one case. 
 
Contributing Institution: 
Department of Veterinary Resources 
Weizmann Institute 
Rehovot 76100, Israel 
http://www.weizmann.ac.il/vet/ 
 
JPC diagnosis: 
Ileum, cecum: Lymphangitis, lipogranulomatous, 
diffuse, chronic, severe, with mild multifocal 
lymphangiectasia, Yorkshire terrier, canine. 
 
JPC comment: 
The contributor provides a concise summary of 
lipogranulomatous lymphangitis in the dog. As 
they often are found concurrently, a short 
overview of lymphangiectasia is now provided. 
There are reported cases of both primary and 
focal canine lymphangiectasia, the latter being 
discussed by the contributor. 
 

While there are tools and algorithms for 
standardized scoring of endoscopic biopsies of 
stomach, duodenum, and the colon from dogs and 
cats, they capture only one dimension of 
lymphatic characterization. The WSAVA 
guidelines classifies villous lacteal width into 
normal (up to 25% width of villous lamina 
propria), mildly dilated (up to 50% width), 
moderate dilation (up to 75% width), and marked 
lacteal dilation (up to 100% of villous lamina 
propria).1 Chronic inflammatory enteropathy 
(CIE) is applied to gastrointestinal tract 
conditions that persist for at least 3 weeks' 
duration, under which intestinal 
lymphangiectasia may be classified. In addition 
to villous lacteal dilation, non-villous mucosal 
lacteal dilation data may help increase 
classification of disease or inform prognosis.7 
Recent research has shown there may be a 
statistically significant correlation between both 
villous and non-villous lacteal widths in the ileum 
and dogs that have CIE with protein losing 
enteropathy. Unfortunately, while WSAVA 
recognizes important and relevant information 
that can be gained from ileal biopsies, there is not 
yet a standardized template for evaluation.8 
 
Lymphatic endothelium is derived from venous 
progenitor cells and express certain antigens that 
distinguish them from blood vessel endothelium. 
Depending on availability, useful 
immunohistochemical stains include the nuclear 
transcription factor human prospero homeobox 
(Prox-1), lymphatic vascular endothelial 
hyaluronic acid receptor (LYVE-1), and 
podoplanin (D2-40).7 
 

Ileocecal junction, dog.  Higher magnification of effaced 
lymphatics within the muscularis and serosa, with leakage 
of lipid-laden chyle and resultant granulomatous 
inflammation.  (HE, 31X) 

Cecum, dog:  Higher magnification of effaced lymphatics 
with abundant degenerate lipid surrounded by foamy 
macrophages and concentric lamellae of collagen. (HE, 
259X) 



Dogs (and other animals) with intestinal 
lymphangiectasia often have derangements of 
nutritional absorption that is clinically 
measurable, including hypoproteinemia, 
hypogammaglobulinemia, and lymphopenia. It 
has been found that dogs with intestinal 
lymphangiectasia have fewer total plasma cells in 
the orad portions of the intestine, and higher 
plasma cell concentrations in the aborad sections. 
While changes in distribution of plasma cells, as 
well as the distribution of IgA, IgM, and IgG 
secreted are apparent, the significance remained 
undetermined.3 
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CASE 4: N-864-18 (4153559-00) 
 
Signalment: 
Four-day-old Aberdeen Angus male calf, bovine 
(Bos taurus taurus)  
 
History: 
A male Angus calf was delivered by a heifer, 
without any abnormalities in the calving process. 
Initially the animal was clinically normal, and 
ingested colostrum and milk adequately; 
however, on the third day of life the calf started 
presenting clinical signs including anorexia, 

Cecum, dog:  The submucosa is expanded by 
granulomatous inflammation centered on lymphatics   as 
well as nodular submucosal aggregates of lymphocytes. 
(HE, 69X) 

Eye, calf.  The calf presented with unilateral hypopyon.    
(Photo courtesy of: Faculdade de Veterinária, Universidade 
Federal do Rio Grande do Sul, Setor de Patologia 
Veterinária, http://www.ufrgs.br/patologia) 



diarrhea, and apathy. The clinical picture rapidly 
progressed to persistent lateral recumbence and 
neurological manifestations characterized by 
nystagmus, teeth grinding, opisthotonus, and 
paddling movements. In addition, unilateral left 
hypopyon was observed. In the next day (fourth 
day of life, second day of clinical progression), 
euthanasia was elected due to the poor prognosis. 
The calf was referred from an extensive cow-calf 
operation with around two hundred dams located 
in the state of Rio Grande do Sul, southern Brazil. 
Two other newborn calves were reported to 
become ill in the comprehended period, one of 
which died; however, necropsy was not 
performed in these cases.  
 
Gross Pathology: 
The animal presented good body condition and a 
small amount of orange feces was observed 
adhered to the perianal area. Externally, the main 
visible abnormality consisted of accumulation of 
white material in the anterior chamber of the left 
eye (unilateral hypopyon). At the opening of the 
thoracic and abdominal cavities, multiple soft, 
white to yellow nodules (0.2-1.0 cm in diameter) 
were observed in the liver, spleen, kidneys, 
mesenteric lymph nodes, heart, and lungs. Cross 
sectioning of the cerebellum revealed a reddish, 
locally extensive, soft to friable, irregular area, 
effacing great part of the organ. Multifocal 
reddish circular areas ranging from 0.5 to 1.0 cm 
in diameter, similar to those described in the 
cerebellum, were also observed in the basal 

nuclei, thalamus, mesencephalon, and 
telencephalon. Cross sectioning of the left eye 
revealed anterior peripheral synechia, posterior 
synechia, diffuse white discoloration and 
thickening of the choroid, and accumulation of 
white, friable material in the anterior chamber 
(hypopyon).  
 
Laboratory results: 
Fresh liver and brain fragments were collected 
and inoculated in Sabouraud dextrose agar 
(Kasvi®), MacConkey agar (Kasvi®) and Blood 
agar base (Kasvi®) with 5% sheep blood. The 
plates were incubated aerobically at 37 °C. 
MacConkey and Sabouraud plates did not have 
any growth after 72 hours. In both blood agars 
(brain and liver), within 24 hours of incubation, 
the growth of white to gray, downy, and fluffy 
fungal colonies was observed. To identify the 
fungus, total DNA was extracted from these 
colonies, as previously described.2 The partial 
18S rDNA was amplified by PCR reaction as 
described elsewhere,9 using the following 
primers: EukA-F: 5´-
AACCTGGTTGATCCTGCCAGT-3´ EukA-R: 
5´-GATCCWTCTGCAGGTTCACCTAC-3´. 
PCR amplicons were analyzed by Sanger 
sequencing. 
 
The generated sequences were compared using 
BLAST (NCBI database), and matched to 
Mortierella wolfii, showing 99% of identity in the 
18S rDNA partial sequence. For confirmation of 

Liver, calf.  Numerous raised pyogranulomas are present 
throughout the liver. (Photo courtesy of: Faculdade de 
Veterinária, Universidade Federal do Rio Grande do Sul, 
Setor de Patologia Veterinária, 
http://www.ufrgs.br/patologia) 

Kidney, calf.  Numerous raised pyogranulomas are present 
throughout the kidney. (Photo courtesy of: Faculdade de 
Veterinária, Universidade Federal do Rio Grande do Sul, 
Setor de Patologia Veterinária, 
http://www.ufrgs.br/patologia) 



the identity of the fungus, a phylogenetic analysis 
was performed within the phylum Zygomycota. 
M. wolfii isolate was positioned in the 
Mortierellomycotina subphylum clade together 
with other M. wolfii sequences.2 Samples of blood 
serum, spleen, and lymph nodes were also 
submitted to the reverse transcription- PCR assay 
to identify the bovine viral diarrhea virus 
(BVDV);1 however, the results were negative for 
all tested samples. 
 
Microscopic description: 
Each submitted slide presents a section of 
cerebellum. The normal trilaminar cerebellar 
aspect has been nearly completely effaced by 
multifocal to coalescing areas of marked necrosis 
and neuropil rarefaction, which are seen both in 
the white and grey matter. These areas are 
associated with intense accumulation of necrotic 
cellular debris, fibrin deposition, hemorrhage, 
and marked inflammatory infiltrate of viable and 
degenerate neutrophils, foamy macrophages 
(gitter cells), lymphocytes, plasma cells and rare 
multinucleated giant cells. These inflammatory 
cells are present within necrotic areas, frequently 
markedly expanding Virchow-Robin spaces, as 
well as extending and severely expanding the 
adjacent leptomeninges. 
 
Amidst the necrotic areas, marked multifocal 
fibrinoid necrosis and hyalinization of blood 

vessels are observed. Affected vessels present the 
wall markedly expanded by accumulation of 
amorphous proteinaceous material and 
inflammatory infiltrate of neutrophils. In 
addition, marked multifocal thrombosis in 
commonly seen associated with these blood 
vessels. 
 
Numerous hyaline hyphae are observed 
intermixed with inflammation and necrotic areas. 
These fungal structures are large (3-8 μm wide), 
present scarce septations, non-parallel walls, non-
dichotomous branching, and occasionally show 
bulbous dilatations. Multifocally, numerous 
hyphae are also frequently observed surrounding 
as well as invading and expanding the wall of 
blood vessels, associated with the mentioned 
vascular changes. Fungal characteristics are 
highlighted with Grocott methenamine silver 
stain. 
 
Some slides present sections of choroid plexus, in 
which multifocal, mild inflammatory infiltrate of 
lymphocytes, macrophages, and neutrophils is 
seen. In addition, similar multifocal areas of 
marked necrosis and inflammation associated 
with fungal hyphae were seen in several organs, 
including the liver, left eye, spleen, kidneys, 
heart, thyroids, adrenal glands, mesenteric lymph 
nodes, as well as other regions of the encephalon.  
 
Contributor’s morphologic diagnosis: 
Necrotizing and pyogranulomatous 
meningoencephalitis, marked, multifocal to 
coalescing, subacute, associated with severe 
multifocal vasculitis, thrombosis and numerous 
fungal hyphae. 

Brain, calf.  Multiple areas of hemorrhage and malacia are 
scattered throughout the brain, and the cerebellar vermis 
is particularly affected. (Photo courtesy of: Faculdade de 
Veterinária, Universidade Federal do Rio Grande do Sul, 
Setor de Patologia Veterinária, 
http://www.ufrgs.br/patologia) 

Cerebellum, calf.  A section of cerebellum is presented for 
examination.  At subgross examination, large areas of 
necrosis and hemorrhage obscure the normal architecture 
and markedly expand the cerebellar meninges. (HE, 5X) 



 
Lymphohistiocytic and neutrophilic choroid 
plexitis, subacute, mild, multifocal.   
 
Contributor’s comment: 
Mortierella wolfii is a saprophytic fungus, which 
belongs to the zygomycetes class.6,11 This agent 
is found in the environment, including in spoiled 
feeds such as moldy silage and hay,7,11 however, 
it can also be found in the soil and pastures.7 
Zygomycetes are often implicated as a cause of 
abortion in cattle,7 and M. wolfii is the most 
common agent in New Zealand, where it has been 
considered the causative agent of a condition 
named “distinctive mycotic abortion-pneumonia 
syndrome”3, though it rarely induces systemic 
disease in adult cattle6,11 or in neonatal calves.12 

To the best of the author’s knowledge, this is the 
first description of this condition affecting cattle 
of this age group outside Oceania.2 

 

In this case, the alterations observed in the brain, 
as well as in several other organs, are associated 
with vascular lesions, and indicate a probable 
hematogenous dissemination of the fungus. 
Tropism of zygomycetes for blood vessels occurs 
through a process called angioinvasion. Hyphae 
have the ability to invade endothelial cells, gain 
access to the circulatory system, and spread to 
other parts of the body. The presence of infarcts, 
necrosis, and vasculitis are considered typical 
lesions that occur secondarily to the fungal 
invasion of the blood vessels,11,17 as observed in 
this case. 
 

It is suggested that Mortierella infection may 
occur in utero.12,14 The fungus establishes a 
primary respiratory infection in the dam, enters 
the bloodstream and reaches the uterus, where it 
can induce acute metritis and placentitis, leading 
to abortion due to fetal hypoxia.11,14 Even though 
subacute or chronic fungal metritis and placentitis 
may allow fetal infection, calves are usually born 
alive and clinically normal, and may develop 
lesions and clinical disease a few days after 
calving,14 similar to what is described in this case. 
In older calves and adult cattle, disseminated 
mycoses may occur due to a primary 
gastrointestinal or respiratory infection.5 
 
We highlight that the culture using blood agar 
base showed pure fungal growth, while no growth 
occurred in the Sabouraud agar, which is likely 
related to the tropism of M. wolfii. Moreover, the 
18S rDNA partial sequencing and analysis was 
able to confirm the identity of the isolated fungus 
as M. wolfii, with 99% of identity in the matching 
BLAST search. Because of the presence of 
neurological clinical signs and hypopyon; 
bacterial septicemia is the main differential 
diagnosis of this case. This has been mostly 
observed in neonatal calves that did not ingest 
colostrum adequately, and this condition is 
predominantly associated with Escherichia coli 
infection.8 Infectious thrombotic meningo-
encephalitis caused by Histophilus somni is 
characterized by similar gross lesions in the brain, 
however histological lesions are distinct.6,10 
 
Furthermore, other fungi, especially Aspergillus 
spp. and zygomycetes, may cause similar lesions 
as those observed in this case, and the differential 

Cerebellum, calf:  Higher magnification of affected 
cerebellum demonstrating the extent of necrosis and 
largely perivascular suppurative inflammation effacing the 
cerebellar parenchyma and expanding the folial 
leptomeninges (HE, 44X) 

Cerebellum, calf.  There is thrombosis of arteries and veins, 
profound vasculitis, and marked expansion of the 
meninges. (HE, 75X) 



diagnosis should be done mainly through culture 
and molecular tests.6,11,14 

 
Contributing Institution: 
Faculdade de Veterinária 
Universidade Federal do Rio Grande do Sul 
Setor de Patologia Veterinária 
http://www.ufrgs.br/patologia 
 
JPC diagnosis: 
Cerebellum: Meningoencephalitis, necrotizing 
and fibrinosuppurative, diffuse, acute, severe, 
with necrotizing vasculitis, thrombosis, 
hemorrhage, and numerous fungal hyphae, 
Aberdeen Angus, bovine. 
 
JPC comment: 
The contributor provides a succinct synopsis of 
Mortierella wolfii. As stated, these fungi exhibit 
angiotropism, leading to clotting of blood in 
vessels, and subsequent infarction and extensive 
necrosis of tissues, a trait shared among most 
zygomycetes.15 Mortierella spp, along with 
zygomyces of the Rhizopus, Rhizomucor, 
Absidia, and Mucor genera, are most often 
implicated in mycotic bovine abortion, 
gastrointestinal infections, ulcerative lesions and 
mesenteric lymphadenitis. It is also notable for 
causing respiratory, CNS, and visceral infection 
as a result of hematogenous dissemination. While 
they often cause no problems to carriers, stress 
from dietary changes, malnutrition, antibiotic use 

resulting to alteration of gastrointestinal flora, 
concurrent infections, recent parturition, or other 
physical trauma may increase the likelihood of 
infection.4 
 
A recent, less common, presentation of mycotic 
ulcerative keratitis in a thoroughbred horse in 
Japan was shown to be due to Mortierella wolfii. 
In this case, the ventral two thirds of the right 
cornea were opaque with intercellular epithelial 
edema, with multifocal, punctate, gray opacities 
in the epithelium of the axial cornea and a 
superficial corneal ulcer. Direct and indirect 
pupillary light reflexes were normal, there was no 
aqueous flare in the anterior chamber, and no 
abnormalities were detected in the posterior 
segment. Cytologic evaluation of corneal 
scrapings is often useful in the diagnosis of 
keratomycosis, with nonseptate hyphae easily 
visualized.16 
 
There are several characteristics that increase 
pathogenicity of some of the zygomycetes, and 
specifically those of Mucorales. They possess the 
ability to suppress IFN-l and RANTES (CCL5) 
in natural killer cells. They acquire iron through 
siderophores (iron chelators) and high-affinity 
iron permeases, and likely also extract iron from 
hemoglobin. Increased iron concentrations allow 
for rapid fungal growth, as well as impairing 
phagocyte function and decreasing IFN-l 
secretion (in a mouse model). In order to facilitate 
vascular invasion, Mucorales adhere to 
endothelial cells by binding host receptor GRP78 
with ligand spore coat homolog (CotH) proteins, 
leading to endocytosis of the fungus.13 
 
One interesting aspect of the contributor's 
laboratory analysis is that no growth in 
Sabouraud's agar was noted. Typically, Rhizopus 
spp, Rhizomucor spp, Absidia spp, Mucor spp, 
and Mortierella spp grow rapidly on Sabourd's 
agar at room temperature.4 Additional elucidation 
of the pathogenesis of Mortierella wolfii may 
provide insights into this finding. 
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1. Which of the following is not an identified infectious stage of Neosporum caninum? 
a. Gametocyte 
b. Tachyzoite 
c. Tissue cyst 
d. Oocyst 

 
2. Which of the following clinical forms of pyrrollizzidine toxicosis is  season? 

a. Acute 
b. Phasic 
c. Overwhelming 
d. Chronic 

 
3. Which of the following species is the most resistant to pyrrollizzidine alkaloid toxicosis? 

a. Pigs 
b. Horses 
c. Cattle 
d. Sheep 

 
4. Which of the following breeds is prone to development of intestinal lymphangiectasia? 

a. Yorkshire Terrier 
b. Norwich Terrier 
c. Scottish Terrier 
d. Jack Russel Terrier 

 
5. Which of the following would be an excellent choice in demonstrating microsporidial spores in 

tissue? 
a. Gram 
b. PAS 
c. Luxol fast blue 
d. Grocott’s methenamine silver 

 

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 2020-2021 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.  



Joint Pathology Center 

 

Veterinary Pathology Services 
 

WEDNESDAY SLIDE CONFERENCE 
2020-2021 

 

 Conference 9  
 

18 November, 2020 

  
  
  
Joint Pathology Center  
Silver Spring, Maryland 
 

 

 
 
 

1 
 

Joint Pathology Center 
Veterinary Pathology Services 

 

WEDNESDAY SLIDE CONFERENCE 2019-2020 

C o n f e r e n c e 16      29  January 2020 
Dr. Ingeborg Langohr, DVM, PhD, DACVP 
Professor 
Department of Pathobiological Sciences 
Louisiana State University School of Veterinary Medicine 
Baton Rouge, LA 

 

 
 

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 1: A18-11077 (4118172-00) 
 
Signalment: 
7-yr-old, male (neutered), domestic shorthaired 
cat (Felis catus), cat 
 
History: 
An acute episode of hemolytic anemia occurred 
in the cat five days after a dental prophylaxis. 
Following a transfusion, the cat improved for 
several weeks, then became increasingly 
depressed, anorexic, anemic, and 
thrombocytopenic, accompanied by vomiting and 
hematemesis. Euthanasia was elected and a 
necropsy performed.  
 
Gross Pathology: 
A necropsy was performed on a 7-year-old, 3.5 
kg, neutered male, domestic shorthaired cat in 
fair physical condition. Autolysis was mild. 
Mucous membranes were pale pink. The heart 
weighed 18 g (0.51% of body weight), with a 0.6 
cm thick left ventricular free wall, 0.1 cm right 
ventricular free wall, 0.6 cm thick interventricular 
septum. The lungs were mottled pink to dark red, 
soft, and air-filled. The liver weighed 100g (2.8% 
of body weight) and was mottled green-tan to red. 
The spleen weighed 18 g (0.51% of body weight) 
and was dark red and plump. 
 
Laboratory results: 
N/A 

 
Microscopic description: 
Heart: Multifocally, myocardial arterioles in the 
left and right ventricle and interventricular 
septum are expanded and occluded by fibrin 
thrombi, erythrocytes, and intravascular spindle 
cell proliferation. Spindle cells are often plump, 
with round to oval nuclei, densely stippled 
chromatin and pale eosinophilic cytoplasm. The 
tunica media is occasionally infiltrated by 
eosinophilic, homogenous material (fibrin) and 
edema. These arterioles are often surrounded by 
streams of pale eosinophilic fibrosis and 
associated fibroblasts, with corresponding 
myofiber disarray. Approximately 10% of the 
myocyte population has one of the following 
changes: degeneration with swollen, 
hypoeosinophilic, vacuolated sarcoplasm; 

Heart, cat.  At low magnification, areas of hypercellularity 
are scattered throughout the outer half of the myocardium 
in both the left and right ventricle and the interventricular 
septum. (HE, 5X) 



necrosis with eosinophilic sarcoplasm, loss of 
cross striations, and pyknotic nuclei or 
regeneration with enlarged multinucleation.  
 
Among the proliferating spindle cell population 
in the heart, immunohistochemical staining of 
cytoplasm was widespread and strongly positive 
for vimentin and von Willebrand’s factor. 
Pericytes and scattered cells within the 
proliferating cells stained positive for smooth 
muscle actin. Immunohistochemical staining for 
Bartonella spp. was negative. 
 
Contributor’s morphologic diagnosis: 
Heart: Intraluminal and mural vascular spindle 
cell proliferation, multifocal, chronic, moderate 
to marked; with multifocal thrombosis and 
perivascular edema  
Myocardial degeneration and necrosis, focal, 
chronic, moderate; with fibrosis 
 
Contributor’s comment: 
Histologic lesions and immunohistochemistry 
results are consistent with the feline systemic 
reactive angioendotheliomatosis (FSRA). 
 

Feline systemic reactive angioendotheliomatosis 
(FSRA) is a rare, multisystemic intravascular 
proliferative disorder.4 Affecting domestic cats 
almost exclusively, a similar condition has been 
reported in a Corriente steer.2,3,4,7,8 Intravascular 
proliferative disorders in cats are represented by 
a malignant angiotropic lymphoma, with 
immunohistochemical properties of T cells, and a 
condition with histologic and immuno-
histochemical features similar to human reactive 
angioendotheliomatosis (RAE). In humans, RAE 
is a benign process limited to the skin that is 
characterized by proliferation of intravascular 
endothelial cells mixed with smaller numbers of 
pericytes. Similar intravascular proliferations 
occur in cats as the fatal multisystemic disease, 
feline systemic reactive angioendotheliomatosis 
(FSRA).4 Ultrastructural and immuno-
histochemical findings reveal the two distinct 
populations of spindle cells. Lesions are 
dominated by endothelial cells expressing von 
Willebrand's factor and smaller numbers of 
pericytes that express smooth muscle actin.4,7 
 
The disease is seen most commonly in juvenile to 
young adult male cats of no specific breed. 
Clinical signs and gross lesions are varied and 

Heart, cat. Arterioles demonstrate a range of morphological change including a proliferation of plump spindle cells which 
expand and partially occlude the lumen and contain slit-like channels, and occasionally fibrin thrombi. Arteriolar walls are 
expanded by fibroblasts and collagen and the adventitia is expanded by lamellae of collagen and fibroblasts which occasionally 
compress or replace adjacent myocardium. (HE, 247X) 



non-specific, including anorexia, lethargy, 
weight loss, vomiting, hemorrhages, hematuria, 
anemia, icterus, seizures and other neurologic 
signs, thrombocytopenia, and spontaneous death. 
While a number of these signs, including 
thrombocytopenia, were present in this case, 
there was no evidence of respiratory distress, 
pulmonary edema, pericardial or pleural effusion 
suggestive of cardiac insufficiency.3,4,7,8 
Affecting primarily small arterioles of the heart, 
lesions also occur frequently in the kidneys, 
spleen, lymph nodes, gastrointestinal tract, brain 
and meninges, eyes, and pancreas. The liver, 
spinal cord, adrenal glands, thyroid, subcutis, 
lung, and bone marrow are less commonly 
affected. Other findings include multifocal fibrin 
thromboses, hemorrhages, and acute myocardial 
necrosis. Death is likely the result of cardiac 
insufficiency.4 In addition to changes in the heart, 
fibrin thrombi and/or intravascular spindle cell 
proliferation was present in arterioles of the 
brainstem, cerebellum, cerebral cortex, renal 
cortices, lung, liver, spleen, pancreas, intestinal 
submucosa, and adrenal glands of this cat.  
 
The pathogenesis of FRSA is poorly understood, 
although the presence of two cell populations and 
lack of cellular atypia, suggests a reactive 
proliferative process rather than a neoplastic one.4 
A number of other occlusive, intra-arteriolar 
proliferative disorders in humans involve mixed 
populations of endothelial cells and pericytes. 

These glomera or glomeruloid structures have 
involved certain cases of chronic 
glomerulonephritis, pulmonary hypertension, and 
cases of chronic disseminated intravascular 
coagulation and thrombotic thrombocytopenic 
purpura. Possible mechanisms for the lesion 
include an exaggerated response to thrombosis, 
unusual immune-mediated vasculitis, or 
exuberant angiogenesis related to angiogenic 
cytokines and/or dysfunctional endothelial 
regulation of coagulation and fibrinolysis.4 
 
Infectious diseases in humans with HIV-AIDS 
have been associated with proliferative 
endothelial lesions. These include Kaposi’s 
sarcoma, caused by human herpesvirus-8, and 
bacillary angiomatosis, caused by Bartonella 
henselae and B. quintana. Although information 
is limited, associations between infection with 
FIV, FeLV, and FIP virus in cats with FRSA have 
not been made.4,7 It has been shown that infection 
with one or more Bartonella sp. may contribute 
to the pathogenesis of FRSA in cats and 
hemangiopericytomas in other animals.1 
Immunohistochemical staining of multiple 
tissues for Bartonella spp. was negative in this 
case. 
 
 
 
 

Heart, cat.  Spindle cells within arteriolar lumina 
demonstrate strong positivity for von Willebrand factor 
(Photo courtesy of: Department of Pathology, College of 
Veterinary Medicine, University of Georgia, Athens, GA 
30602 www.vet.uga.edu/VPP) (anti-VWF, 400X) 

Heart, cat.  Spindle cells within arteriolar lumina 
multifocally demonstrate strong cytoplasmic positivity for 
smooth muscle actin.  Arteriolar mural smooth muscle 
serves as a positive internal control.  (Photo courtesy of: 
Department of Pathology, College of Veterinary Medicine, 
University of Georgia, Athens, GA 30602 
www.vet.uga.edu/VPP) (anti-SMA, 400X) 



Contributing Institution: 
Department of Pathology 
College of Veterinary Medicine 
University of Georgia 
Athens, GA 30602 
www.vet.uga.edu/VPP 
 
JPC diagnosis: 
Heart, arterioles: Atypical endothelial and 
pericyte proliferation (angioendotheliomatosis), 
diffuse, severe, with fibrin thrombi and 
adventitial fibrosis. 
 
JPC comment: 
The contributor concisely summarizes this 
relatively uncommon disease in cats. While the 
presentation of human reactive 
angioendotheliomatosis differs from that of cats, 
they are histologically similar, with both 
proliferating endothelial cells and pericytes 
comprising the lesions. In a case report from 
2006, a 57-year-old intact woman was diagnosed 
with cutaneous reactive angioendotheliomatosis. 
Her medical history included a history of vascular 
disorders which included both deep vein 
thrombosis and a significantly lower measured 
blood pressure on her left arm, with a bruit of the 
left subclavian artery. She also had elevated 
anticardiolipin antibody IgG and decreased 
protein C levels. Activated protein C is a critical 
factor in anti-coagulative effects, and 
anticardiolipin antibodies has been shown to 
lower levels of protein C, leading to pro-
coagulative states. In humans, anticardiolipin 
antibodies are found in approximately 23% of 
patients with Systemic Lupus Erythematosus 
(SLE) and is associated with thrombotic events. 
It has been suggested that one possible 
pathogenesis of this disease is vascular occlusion 
leading to localized hypoxia and acidosis, 
followed by hyperplasia of endothelial cells and 
pericytes in an attempt to recanalize vessels and 
restore perfusion of tissues.5 
 
While too few cases of FSRA have been reported 
to make subclassifications, there have been 
proposals to make distinctions in possible 
subtypes of human reactive angio-
endotheliomatosis. Subtypes may include diffuse 
dermal angiomatosis (DDA), 
acroangiodermatitis, glomeruloid angio-

endotheliomatosis, and angiomatosis associated 
with cryoproteins (also called 
angiopericytomatosis). A more recent proposal is 
to include an entity characterized by a benign 
proliferation of histiocytes within the lumena of 
cutaneous vessels (intravascular histiocytosis).6 
 
While it cannot be stated definitively that human 
reactive angioendotheliomatosis and FSRA share 
a similar pathogenesis, there is biologic 
plausibility. Perhaps these young cats experience 
an endotheliotropic pathogen, or a subsequent 
immune complex disease, which alters Virchow's 
triad and their anticoagulative homeostasis. A 
potential direction to turn for research may be 
immunohistochemistry for HIF-1 and VEGF, as 
well as the incorporation of clinicopathologic 
data for recorded cases. 
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CASE 2: Case 2 (4153150-00) 
 
Signalment: 
8-week-old, male entire, domestic short hair cat 
(Felis catus) 
 
History: 
This kitten was found on the side of the road and 
was presented to the Massey University Pet 
Emergency Centre by a member of the public. On 
arrival to the clinic, the kitten was hypothermic 
and hypoglycemic. Following administration of 
IV fluids and dextrose, the kitten recovered and 
was sent to the SPCA.  
 
A week later, the kitten re-presented to the clinic 
in lateral recumbency with bradycardia, evidence 
of severe diarrhea (perineal staining) and agonal 
gasping. Due to poor prognosis, euthanasia was 
elected. 
 
Gross Pathology: 
The kitten was in an emaciated state of nutrition 
(with a body condition score of 1/9 and a total 
body weight of 0.514 kg) and was markedly 

dehydrated with markedly prolonged skin tenting 
and marked enophthalmos. Significant fecal 
staining around the perineum, under the tail and 
on the hindlimbs was present. 
 
On internal examination, the stomach was empty 
except for red-brown mucus over the pyloric 
mucosa. The intestines were mostly empty except 
for scant amounts of reddish-black granular 
material (digested blood) loosely adhered to the 
intestinal mucosa. There were also 5 white 
nematode parasites ranging between 3 and 5 cm 
long in the small intestine (T. cati). The colon 
contained scant, unformed reddish-brown feces. 
No other gross lesions present. 
 
Laboratory results: 
None. 
 
Microscopic description: 
Small intestine: Villi and crypts are segmentally 
effaced and replaced by extensive infiltrates of 
neutrophils, large colonies of small uniform 
Gram-negative bacilli, fibrin, hemorrhage and 
cellular debris. Remaining crypts within these are 
areas are ectatic, lined by cuboidal to attenuated 
epithelial cells, and contain neutrophils, sloughed 
enterocytes and cellular debris within luminal 
spaces. Other crypts contain hyperplastic, piling 
epithelium with increased numbers of mitotic 
figures (regeneration).  
 
Enterocytes within the crypts multifocally have 
marginated nuclear chromatin and bright 
eosinophilic intra-nuclear inclusions (viral 
inclusions). Adjacent mucosal villi are mildly to 
moderately blunted and fused with increased 
numbers of neutrophils and macrophages 
expanding the lamina propria. A focal area of the 
submucosa is infiltrated by large numbers of 
degenerate neutrophils and Gram-negative 
bacilli. Peyer’s patches show marked lymphoid 
depletion with the presence of lymphocytolysis 
and large numbers of tingible body macrophages 
within follicular centers.  
 
In one section of jejunal lumen is a 1 mm x 2mm 
cross-section of a nematode larvae with 
coelomyarian musculature, a ridged cuticle, 
intestinal tract, uteri containing approximately 15 
-20 eggs each and ovarian structures. 

Intestine, cat.  The intestine displays diffuse pallor, luminal 
digested blood, and a large luminal ascarid.  There is 
minimal mesenteric fat.  (Photo courtesy of:  Massey 
University, School of Veterinary Science, New Zealand) 



 

Contributor’s morphologic diagnosis: 
Small intestine: Severe, acute segmental 
necrosuppurative enteritis with crypt necrosis, 
intra-nuclear viral inclusions, Gram-negative 
bacilli and nematode larvae 
 
Contributor’s comment: 
The intestinal lesions in this case are strongly 
suggestive of feline panleukopenia and secondary 
bacterial enteritis which were likely significant 
contributors to the poor body condition and 

diarrhea in this kitten. Small numbers of 
Toxocara cati were also present in the small 
intestine, which may have further contributed to 
the emaciation and diarrhea but were not causing 
obstruction of the bowel and were unlikely to be 
the leading cause of death. 
 
Feline panleukopenia virus (FPV) is a member of 
the feline parvovirus subgroup within the 
Parvovirus genus (family Parvoviridae) and is 
closely related to mink enteritis virus (MEV) and 
canine parvovirus-2 (CPV-2).3 FPV is a relatively 
small (25nm) non-enveloped single-stranded 
DNA virus with a genome of approximately 5000 
bases.12 Due to the highly stable nature of FPV 
within the environment, the large quantities of 
virions shed in feces (107-109 per gram), and the 
ability of the virus to remain infectious for weeks 
post-shedding, FPV is considered an ubiquitous 
pathogen found in almost all regions of the 
world.8 
 
Although FPV has been proven to affect cats of 
all ages, kittens tend to be most susceptible to the 
disease.11 The predisposition of kittens 
contracting the disease is due to kittens 
experiencing a precarious period of sub-optimal 
immunity against the virus between 8-12 weeks 
of age where levels of circulating maternally 

Multiple tissues, cat.  Multiple sections of jejunum, lymph 
nodes and a section of pancreas are submitted.  Even at 
low magnification, several sections of intestine display 
marked villar blunting. (HE, 7X) 

Jejunum, cat.  There is diffuse villar blunting at right, there is transmucosal loss of crypts, stromal collapse, and infiltration of low 
numbers of neutrophils and macrophages.   At left, there is multifocal dilation of crypts by necrotic epithelium and debris. (HE, 
77X) 



derived antibodies (MDA) are insufficient to 
protect against infection yet high enough to 
interfere with vaccination.11 Despite most cats not 
developing clinical disease following infection, 
those who do develop overt disease are at great 
risk of death with mortality rates of ≥ 90% 
reported in the literature.11  
 
The most common clinical signs observed in 
affected cats include anorexia, diarrhea, 
vomiting, lethargy and pyrexia.7 Co-infection of 
the host with intestinal parasites (such as T. cati 
in this case), bacteria, or other viruses (e.g. 
rotaviruses or coronaviruses) are likely to 
increase the severity of the disease.8 Infected cats 
tend to die from complications associated with 
translocation of bacteria into the bloodstream, 
sepsis and disseminated intravascular 
coagulopathy (DIC).5 The most common 
laboratory abnormalities present in affected cats  
include leukopenia, thrombocytopenia, anemia, 
neutropenia, hypoalbuminemia and 
lymphopenia.7 It is important to note that kittens 
infected late during their development in utero 
exhibit a distinct manifestation of the disease 
characterized by nervous signs (namely ataxia 
and hypermetric gait) due to viral induced 
cerebellar hypoplasia.13 

The route of entry of FPV into the host is oronasal 
with subsequent uptake of the virus into the 
epithelium overlying the tonsils and/or Peyer’s 
patches.13 Following host inoculation, 
lymphogenous spread of the virus may result in 
infection of other lymphatic structures including 
the thymus, spleen and lymph nodes. Virally 
induced lymphocytolysis within these lymphatic 
structures induces cell-free hematogenous spread 
of the virus to a variety of different organs 
throughout the body. It is late during this viremic 
period (approximately 5-7 days post infection) in 
which most clinical signs are observed.13  
 
As FPV requires the ‘hijacking’ of host cell DNA 
polymerases and other DNA replication 
machinery, the virus has a tropism for mitotically 
active cells within the host.12 The predominant 
cells infected by FPV outside of lymphoid tissue 
are enterocytes in crypts of Lieberkühn adjacent 
to or near Peyer’s patches and stem cells within 
the bone marrow.12 Invasion of FPV into these 
mitotically active host cells is achieved through 
endocytosis mediated by viral capsid proteins 
binding to host neuraminic acid and transferrin 
receptors on the cell surface.13 Once within the 
host cell, the virus is only able to replicate during 
the S-phase of the DNA replication cycle. 
Following viral replication, FPV virions are 

Jejunum, cat.  Nuclei of crypt epithelium in areas of crypt necrosis are karyomegalic and hyperchromatic, suggesting the 
possibility of viral intranuclear inclusions. (HE, 400X) 



released from infected cells with subsequent lysis 
and death of the host cell.  
 
In the case of infected enterocytes, lysis of these 
cells results in the release of virions into the 
intestinal lumen thus contaminating the feces. 
Destruction of enterocytes results in a markedly 
reduced absorptive surface within the small 
intestine and subsequent diarrhea. It should also 
be noted that effusion of tissue fluids and blood 
from denuded intestinal mucosa into the lumen is 
also hypothesized as a contributing cause of 
diarrhea in FPV infected patients.13 Anemia and 
hypoproteinemia are also hypothesized to result 
from effusion of tissue fluids and blood from 
denuded intestinal mucosa into the lumen. The 
hallmark panleukopenia observed in individuals 
infected by FPV is the result of both 
lymphocytolysis within lymphoid tissues and 
destruction of myeloid precursors in bone 
marrow. Histopathologically, lysis of stem cells 
within the bone marrow is appreciated as marked 
inter-trabecular hypocellularity.13 

 
Additional confirmatory diagnostic tests for FPV 
include immunohistochemistry of affected tissue, 
fecal ELISA, fecal PCR, fecal latex agglutination 
test (LAT) or fecal immunochromatography.11,13 
 
Contributing Institution: 
Massey University  
School of Veterinary Science 
New Zealand 
 
JPC diagnosis: 

1. Small intestine: Enteritis, necrotizing, 
diffuse, severe, with villar blunting, crypt 
hyperplasia, crypt abscesses, lymphoid 
depletion, and rare intranuclear viral 
inclusions. 

2. Lymph node: Lymphoid depletion, 
diffuse marked. 

 
JPC comment: 
A brief discussion was held regarding positively 
charged glass slides, and how important these are 
for tissue retention during processing. Positively 
charged slides are marked with a "+" and are 
purchased with this feature. A number of tissues 
have been lost during processing of 
immunohistochemical stains, and this feature 
greatly increases the likelihood of not losing the 
tissue. 
 
The contributor provides a broad overview of 
feline panleukopenia and many of the 
presentations of this disease. Feline 
panleukopenia is the oldest known viral disease 
of cats and is a well-known pathogen around the 
world. Carnivore protoparvovirus 1 is the base 
virus previously described, which contains two 
open reading frames (ORFs). ORF-L codes for 
two non-structural proteins, NS1 and NS2; ORF-
R codes for two structural proteins, VP-1 and VP-
2 (major capsid protein). Feline parvovirus, 
canine parvovirus, mink enteritis virus, and 
others are different strains of carnivore 
protoparvovirus 1, but there is a high degree of 
homology between the sequences of their capsid 
proteins.1,2 Binding of the transferrin receptor 
(TfR) is crucial for productive infection, which 
then allows for the virus to be taken into the host 
cell through clathrin-mediated endocytosis.1 
 
While closely related, canine parvovirus 2 (CPV-
2) differs from feline panleukopenia virus by 6 
amino acids in the VP-2 region, preventing 
efficient binding of canine TfR and clinical 
disease does not develop. However, there are a 
number of variants of CPV-2 that are capable of 
binding both canine and feline TfRs and leading 
to disease in both species (CPV-2a, CPV-2b, 
CPV-2c).1  
 
In recent research, an additional histologic 
finding has been cytoplasmic vacuolation of 

Mesenteric lymph node, cat.  The adjacent lymph node, 
especially in light of profound intestinal necrosis in the 
adjacent organ, is hypocellular, lacks follicle formation, 
and contains numerous tingible body macrophages. (HE, 
80X) 



neurons in the thoracic spinal cord of an infected 
cat. Using advanced sequencing techniques, 
feline panleukopenia virus antigen was recovered 
from vacuoles, as well as neuronal cytoplasm, 
suggesting that neuronal vacuolation is a 
histologic change consistent with feline 
panleukopenia virus infection.9 

 
There have been confirmed cases of feline 
panleukopenia virus causing disease in other 
species. There is a high degree of homology 
between mink enteritis viruses (MEV-1, MEV-2, 
MEV-3) and feline panleukopenia virus. A recent 
phylogenetic analysis of viruses isolated from a 
mink farm suggested that several strains of MEV 
would more appropriately be considered FPV, 
instead.4 More recently in Thailand, a banded 
linsang presented with signs consistent with 
parvoviral enteritis, and tested PCR positive for 
CPV. However, upon sequencing the VP2 gene 
of the virus, it was determined to be FPV, similar 
to strains reported in Japan and South Korea.6 
These overlapping test results highlight the 
similarity of these viruses. 
 
In another disease, a parvovirus has been recently 
implicated as the most plausible etiologic agent. 
Theiler's disease in horses, also known as equine 
serum hepatitis, is characterized by an acute, 
massive, diffuse hepatic necrosis that is often life-
threatening. A number of agents have been 
implicated, and it appeared to have a correlation 
with equine serum derived biologics, including 
tetanus antitoxin, botulinum antitoxin, 
Streptococcus equi antiserum, pregnant mare's 
serum, and equine plasma. Two flaviviruses were 
suggested as the cause and included non-primate 
hepacivirus (NPHC) and Theiler's disease-
associated virus (TDAV). However, additional 
analysis has shown that a startling number of 
biologics have been PCR positive for Equine 
parvovirus-hepatitis (EqPV-H). While there were 
other positives for NPHV, TDAV, and Equine 
pegivirus (EPgV), all samples of affected horses 
were PCR positive for EqPV-H.10 
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CASE 3: P17-1884 (4117377-00) 
 
Signalment: 
1-year-old male neutered DSH cat (Felis catus) 
 
History: 
A black spot was noted on the eye by the owner 
and the eye was enucleated. 
 
Gross Pathology: 
The cornea has a 0.5 mm diameter black spot on 
the surface. 
 
Laboratory results: 
None. 
 
Microscopic description: 
Adherent to the ulcerated cornea is a plaque of 
acellular brown-staining, fibrillary material. The 
corneal ulcer has a bed of granulation tissue 
extending half the thickness of the stroma. 
Neutrophils cover the ulcerated surface and 
extend through the granulation tissue. A few 
neutrophils are in the surface plaque. The corneal 
epithelium at the margin of the ulcer has 
hyperplasia. 
 
Contributor’s morphologic diagnosis: 
Corneal sequestrum 
Ulcerative, suppurative keratitis 
 

Contributor’s comment: 
A corneal sequestrum is an aggregate of 
degenerate corneal stromal collagen which 
becomes pigmented with amber to black pigment. 
It has also been called partial corneal 
mummification or corneal nigrum.3,5-7 
 
The cause of corneal sequestrum is not known. It 
may be a response to corneal irritation or be 
associated with ocular trauma.3,5-7 The source of 
the pigment also is not known. One investigator 
found melanin in the sequestrum2, but others have 
not substantiated this. 
 
Corneal sequestrum occurs more commonly in 
brachycephalic breeds, Siamese, and domestic 
short hair cats.5-7 The condition is usually 
unilateral but can be bilateral in the predisposed 
breeds.3 
 
The ulcerative keratitis is a response to the 
collagen degeneration of the sequestrum. The 
sequestrum develops in the stroma but is 
gradually extruded through the epithelium and 
comes to lie on the surface of the cornea. 
 
Contributing Institution: 
College of Veterinary Medicine 
Virginia Tech 
Blacksburg, VA 24061 
www.vetmed.vt.edu 
 
JPC diagnosis: 
Cornea:  Necrosis, coagulative, focally extensive, 
with pigmentation and vascularization. 
 

Globe, cat.  At subgross magnification, a focal dark brown 
plaque (arrow) covers the cornea.     (HE, 5X) 

Cornea, cat.  Higher magnification of the full thickness of 
the cornea.  At top, a dark brown plaque of necrotic cornea 
(corneal sequestrum) overlies intact epithelium.  There is 
hyperplasia of stromal cell nuclei, and vascular ingrowth 
within the middle layers of the cornea.   (HE, 31X) 



JPC comment: 
There is some slide variation between 
participants, with some sections containing 
colonies of cocci adherent to the sequestrum. The 
moderator also briefly discussed picrosirius red, 
a histochemical stain that allows for the 
differentiation between healthy and degenerative 
collagen fibers. Unfortunately, that histochemical 
stain was not available for this case. 
 
The pathogenesis of feline corneal sequestrum is 
incompletely understood. However, as the 
contributor stated, brachycephalic breeds, 
specifically Persian and Himalayan cats, are more 
often affected. While early cases may lack the 
typical discoloration, lesions are characterized by 
a discrete focus of non-inflammatory necrosis of 
corneal stromal keratocytes. The stroma affected 
usually exhibits pallor, hyalinization, and orange 
discoloration. Sequestra may be accompanied by 
a concurrent ulceration of the overlying corneal 
epithelium, or there may be evidence of prior 
ulceration.9 
 
Suggested predisposing factors leading to corneal 
sequestra include corneal trauma, topical 
corticosteroid use, primary corneal dystrophy, 

altered corneal stromal metabolism, chronic 
corneal ulcers or keratitis, often by feline 
herpesvirus-1 (FHV-1) or mechanical irritation 
from entropion or trichiasis.1,8 During routine 
histologic analysis, apoptotic keratocytes have 
been noted, possibly suggesting a role for 
apoptosis in the development of these lesions.8  
 
On transmission electron microscopy (TEM), 
sequestra contained variable amounts of 
amorphous, electron-dense substance, continuous 
with intact basement membrane to the periphery. 
Remnants of necrotic keratocytes were observed 
between loosely packed collagen bundles 
subjacent to ulceration. Occasionally, keratocytes 
were characterized by clumped and marginated 
chromatin, with shrunken cytoplasm, changes 
consistent with apoptosis.1 
 
Studies comparing the association of FHV-1 with 
corneal sequestrum in Persian and Himalayan 
cats did not find a correlation, with the control 
group having much higher rates of PCR positive 
results for FHV-1.8 Additionally, there does not 
appear to be an association between qualitative 
tear film abnormalities, abnormal goblet cell 

Cornea, cat.  Higher magnification of corneal sequestrum.  The outer layers are anucleate and dyed a deep brown due to cellular 
imbibition of porphyrin pigment.  The deeper layers of epithelium are swollen and infiltrated by low numbers of neutrophils.  The 
underlying epithelium is intact and there is hypertrophy of stromal cell (keratocyte) nuclei, mild edema, and few infiltrating 
neutrophils.  (HE, 275X) 



numbers, Chlamydia psittaci, or Mycoplasma 
felis.4 
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CASE 4: N1929202 (4153152-00) 
 
Signalment: 
Adult, intact male, domestic shorthaired cat, Felis 
catus, Feline. 
 
History: 
Three cats (two intact males and one intact 
female) were found dead in the same area and 
were suspected to have been poisoned. The cats 
were submitted for postmortem examination.  
 
Gross Pathology: 
All cats were in good body condition with 
adequate fat stores. Granular, dark red-black 
blood was detected in the stomach of each cat. 
One cat had numerous pinpoint bleeding gastric 

Cornea, cat.  Higher magnification of the outer half of the cornea underlying the sequestrum.  The epithelium is intact, and there 
is mild edema, hypertrophy of keratocyte nuclei, and vascularization of the middle layers of corneal stroma, with infiltration of 
neutrophils. (HE, 133X) 



erosions/ulcers. A different cat had multifocal 
erosions in the urinary bladder erosion and the 
lumen contained a coagulum of fibrin and 
necrotic debris. The kidneys of all three cats were 
grossly unremarkable. 
 
Laboratory results: 
Gas Chromatography Mass Spectrometry (GC-
MS) was performed on fresh kidney tissue and 
ethylene glycol was detected above a level of 50 
ppm.  
 
Microscopic description: 
Multifocally, numerous renal cortical, and to a 
lesser extent medullary, tubules are distorted and 
expanded by radiating colorless crystalline 
material that is birefringent under polarized light 
(calcium oxalate crystals). The crystals often fill 
tubular lumina and disrupt tubular epithelia. 
Affected tubular epithelial cells are attenuated 
and degenerate or necrotic with shrunken with 
hypereosinophilic cytoplasm and pyknotic 
nuclei.  Necrotic cells are occasionally sloughed 
into the lumen, admixed with cellular debris and 
eosinophilic fluid. There are few granular and 
cellular casts and renal epithelia are swollen and 
contain variably discrete lipid vacuoles (renal 
lipidosis).  
 
Within the cerebral parenchyma and 
leptomeninges, birefringent calcium-oxalate 
crystals multifocally expand the perivascular 
space, disrupt vessel walls, or rarely, protrude 
into the vascular lumen. Disrupted vessel walls 
are replaced by crystals, karyorrhectic debris, and 

neutrophils. Neutrophils extend into Virchow-
Robins space along with small eosinophilic 
droplets (edema). In less severely affected blood 
vessels, endothelia are hypertrophied. There is a 
mild generalized increase in glial cells, 
predominately astrocytes.  
 
Contributor’s morphologic diagnosis: 
Kidney, cat: severe acute nephropathy 
characterized by numerous intratubular crystals, 
multifocal acute tubular degeneration and 
necrosis 
 
Brain, cat: numerous perivascular crystals with 
perivascular and leptomeningeal neutrophilic and 
lymphohistiocytic infiltrates 
 
Contributor’s comment: 
Voluntary ingestion of sweet-tasting antifreeze 
by cats and dogs is the most common presentation 
of ethylene glycol (EG) toxicosis. Temperate and 
cold climates during the Fall and Spring have the 
highest incidence of cases, coinciding with the 
highest use of this product.2 Ethylene glycol and 
its metabolites result in three overlapping stages 
of disease: central nervous system depression and 
gastrointestinal upset, metabolic acidosis, and 
finally acute tubular injury and renal failure.14 EG 
itself is relatively non-toxic and systemic effects 
are due to ethylene glycol metabolites.7,8 Death 
can occur predominantly from development of 
severe metabolic acidosis and acute renal failure. 
Hyperkalemia from renal failure can induce 
cardiac arrhythmias and metabolic acidosis can 
lead to central nervous system 
depression/seizures/coma and pulmonary edema 
causing respiratory distress and dysfunction.14 

Kidney, cerebrum, cat:  Sections of kidney and cerebrum 
are submitted for examination (HE, 5X) 

Kidney, cat.  Diffusely, tubular epithelium is expanded by 
numerous clear vacuoles. An aggregate of calcium oxalate 
crystals is present within the lumina of a tubule at upper 
left (arrow).  (HE, 396X) 



Lethargy, anorexia, dehydration, vomiting, 
diarrhea, uremic ulcers, and salivation are other 
common symptoms that can occur.14   
 
The metabolism of EG involves a series of rate-
limiting and non-rate-limiting steps in the liver 
and kidneys.  Absorption through the digestive 
tract is rapid, and the majority of EG is excreted 
through the kidney without being metabolized. 
The remainder of EG is converted to 
glycolaldehyde by alcohol dehydrogenase (rate-
limiting step), quickly oxidized to glycolic acid, 
and then oxidized again to glyoxylic acid (rate-
limiting step).8,12,14 Metabolism ends with the 
production of several compounds, of which 
oxalate and lactic acid are the most clinically 
important. Oxalate’s importance is discussed in 
the following paragraph. Lactic acid contributes 
to the development of metabolic acidosis. The 
other end metabolites are hippuric acid and 
carbon dioxide.14 Once EG has been completely 
metabolized, treatments aimed at inhibiting 
alcohol dehydrogenase will not be effective. 
Prognosis at this stage of disease is guarded to 
poor.14  
 
Calcium binds to oxalate and forms crystals 
within renal tubular lumina and is taken up by 
tubular epithelium and secreted into the renal 
interstitium.1,2 With decreased renal function, 
crystals will accumulate at high concentrations in 
circulation and deposit in perivascular spaces 
within other tissues such as the brain. 
Glycolaldehyde and glyoxylic acid are classically 
postulated to be primary effectors, though there 
has been some debate about the role of EG 
metabolites in causing direct cellular injury.7,12 
Within the past two decades, multiple studies 

suggest that deposition of calcium oxalate 
crystals may be a larger contributor to acute 
tubular injury and development of renal failure 
through various proposed direct and indirect 
cytotoxic mechanisms.7,10,11 
 
Clinicopathologic findings include a titrational 
metabolic acidosis due to the production of acidic 
metabolites and lactic acid (resulting in a 
markedly increased anion gap) and severe serum 
hyperosmolality with an increased osmolal gap.14 
The urine is isosthenuric, acidic, and contains 
variable numbers of calcium oxalate 
monohydrate crystals beginning 3-6 hours after 
ingestion of the toxin.9,13 Few numbers of 
monohydrate crystals are normally found in the 
urine, but high numbers should increase the 
suspicion of EG toxicosis.9 Additional 
biochemical findings are transient 
hyperglycemia, hypocalcemia, and 
hyperphosphatemia, which is initially caused by 
phosphate rust inhibitors in the antifreeze and 
then persists due to renal dysfunction.9,14 
 
At postmortem examination, swollen edematous 
kidneys, pulmonary edema, and hemorrhagic 
gastroenteritis are common gross findings, 
although in many cases gross lesions are not 
observed.1,2 Histologically, numerous 
birefringent calcium oxalate crystals within the 
renal tubules are the most characteristic and 
almost pathognomonic finding in cases of EG 
toxicosis. Primary hyperoxaluria, a rare inherited 
condition in humans, cats, dogs (Tibetan spaniels, 
Shih Tzu), and Beefmaster cattle, or ingestion of 
oxalate containing plants or oxalate producing 
fungi (such as Aspergillus spp.) are other 
differentials in these cases.2 

Kidney, cat.  Numerous tubules contain sheaves or fan-like 
aggregates of birefringent crystals within their lumina.  
(HE, 400x) 

Kidney, cat. A range of tubular epithelial changes, from 
necrosis to granular cast formation is present within 
crystal-laden tubules.  (HE, 400X) 



 

An interesting histologic finding in these cats was 
the detection of perivascular crystals in the brain. 
The literature postulates that development of 
central nervous system signs is most likely 
because of aldehyde and the development of 
metabolic acidosis rather than the presence of the 
crystals.2 Few human case reports highlight 
delayed neurological effects from cerebral edema 
and obvious histologic vascular injury suggested 
to be due to the presence of crystals.5,6 At this 
point in time to the author’s knowledge, primary 
research specifically examining effects of crystal 
formation on vessels and development of 
neurological signs is limited. In these cats, 
neutrophilic infiltrates were sometimes observed 
in association with perivascular crystal 
deposition. Inflammation was not present in all 
cats and was variable between cerebral sections.  
Immunohistochemical staining for feline 
infectious peritonitis (FIP) was negative. In this 
case, the inflammatory reaction was suspected to 
be secondary to vascular damage due to crystal 
deposition rather than a separate primary process.  
 
Contributing Institution: 
University of Pennsylvania 
School of Veterinary Medicine 
Department of Pathobiology 
https://www.vet.upenn.edu/research/academic-
departments/pathobiology 
 
JPC diagnosis: 

1. Kidney, tubules: Degeneration and 
necrosis, diffuse, marked, with numerous 
intratubular oxalate crystals, and 
granular and protein casts. 

2. Cerebrum, perivascular areas:  Edema, 
multifocal, moderate with neutrophilic 
and lymphohistiocytic infiltrates, and 
oxalate crystals.   

 
JPC comment: 
The contributor provides an excellent review of 
this condition in animals. Recent research has 
investigated the use of stiripentol, an antiepileptic 
drug used to treat Dravet syndrome in humans, to 
reduce the formation of calcium oxalate crystals 
upon ethylene glycol ingestion. Stiripentol 
inhibits lactate dehydrogenase 5, the final step of 
hepatic oxalate formation. Sixteen Sprague 
Dawley rats received hydroxyproline and 
calcium in water for 16 days, with half receiving 
stiripentol daily. The experimental group had 
lower resultant urine oxalate, suggesting a 
potential future therapy.3 
 
Interestingly, while ethylene glycol leads to the 
disease described in this case, (poly)ethylene 
glycol is a polymeric molecule with properties 
that warrant investigation as medical therapies. In 
vitro exposure of metastatic melanoma cells 
(human, A375 cells) to different molecular 
weight (poly)ethylene glycol polymers resulted 
in morphologic signs of toxicity. This is far from 
a clinical intervention to date but may lead to 
interesting therapies in the future.13 
 
While in veterinary medicine, we typically think 
of ethylene glycol in the context of automobile 
antifreeze. But ethylene glycol is also integral to 
the production of numerous items, such as 
polyethylene terephthalate (PET) plastics, 
deicing fluid for aircraft operations, and as an 
inhibitor of clathrate hydrate formation in natural 
gas pipelines. With such diverse applications, 
many involving open-air release, ethylene glycol 
is a common environmental pollutant that is slow 
to chemically decompose. Bacteria have been 
leveraged to assist with the breakdown of 
numerous plastics, and an engineered strain of 
Pseudomonas putita has shown promise for 
degrading ethylene glycol to non-harmful 
byproducts. Specifically, P. putita KT2440 was 
engineered to overexpress glycoxylate 
carboligase (gcl) in combination with products of 
four other genes in close proximity (hyi, glxR, 
ttuD, pykF), resulting in efficient growth and 

Cerebrum, cat.  Virchow-Robin’s spaces within the 
cerebrum are markedly expanded by edema.  (HE, 200X) 



utilization of ethylene glycol substrate. Research 
in this vein may assist in removing this toxic 
compound from the environment in the future.4 
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1. Pericytes within the luminal spindle cells seen in feline reactive system angioendotheliomatosis 
stain for which of the following? 

a. Von Willebrand’s factor 
b. Smooth muscle actin 
c. Desmin 
d. CD-31 

 
2. Feline parvovirus efficiently reproduces in cells in which stage of the cell cycle? 

a. G1 
b. S 
c. G2 
d. M 

 
3. Which of the neurologic lesions has been recently reported in adult cats infected with feline 

panleukopenia virus? 
a. Hippocampal neuronal necrosis 
b. Cerebral laminar necrosis 
c. Cytoplasmic vacuolation of spinal cord neurons 
d. Necrosis of Purkinje cells 

 
4. Which of the following breeds is most likely to develop a corneal sequestrum? 

a. Devon Rex 
b. Siamese 
c. Ocicat 
d. Persian 

 
5. Which of the following is NOT expected in ethylene glycol intoxication? 

a. Hypercalcemia 
b. Hyperglycemia 
c. Hyperphosphatemia 
d. Metabolic acidosis 

 

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 2020-2021 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.  



Joint Pathology Center 

 

Veterinary Pathology Services 
 

WEDNESDAY SLIDE CONFERENCE 
2020-2021 

 

 Conference 10  
 

2 December, 2020 

  
  
  
Joint Pathology Center  
Silver Spring, Maryland 
 

 

 
 
 

1 
 

Joint Pathology Center 
Veterinary Pathology Services 

 

WEDNESDAY SLIDE CONFERENCE 2019-2020 

C o n f e r e n c e 16      29  January 2020 
Dr. Ingeborg Langohr, DVM, PhD, DACVP 
Professor 
Department of Pathobiological Sciences 
Louisiana State University School of Veterinary Medicine 
Baton Rouge, LA 

 

 
 

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 1: 17-13-2 JT75 (4140283-00) 
 
Signalment: 
Adult, male Rhesus macaque (Macaca mulatta) 
 
History: 
This Rhesus macaque was part of a study to 
evaluate different regimens of supportive care 
after intramuscular exposure with Ebola virus. 
Intensive supportive care provided to this animal 
included intravenous fluids, antibiotics and 
corticosteroids. Despite supportive care, this 
animal died fourteen days after viral exposure. 
 
Gross Pathology: 
At necropsy, there was a focally extensive area of 
mucosal hemorrhage of the descending colon, 
approximately 10 cm from the anus. There were 
multifocal, focally extensive areas of mucosal 
hemorrhage in the cecum, gastric fundus and 
proximal duodenum. The liver was diffusely 
swollen and friable. Clear yellow fluid was 
present in the pericardial sac, thoracic cavity, 
abdominal cavity and the scrotum. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Colon, two sections: 
 

The colonic wall is diffusely and markedly 
expanded by edema, multifocal hemorrhages and 
fibrin, and there are several focally extensive 
areas of mucosal hemorrhage. There are 
multifocal areas of hemorrhage in which there is 
a loss of differential staining of the mucosa with 
retention of tissue architecture (infarcts) and 
underlying mural blood vessels often contain 
fibrin thrombi. At higher magnification, there is a 
transmural inflammatory infiltrate composed 
primarily of neutrophils, with fewer 
lymphocytes, plasma cells and macrophages. 
 

Colon, rhesus macaque.  Two sections of colon are 
submitted for examination. At subgross magnification, 
there is diffuse severe submucosal edema and segmental 
hemorrhage.  (HE, 5X) 



Multifocally, within the apical colonic crypt 
openings and often extending into the lamina 
propria, there are mats of fungal hyphae admixed 
with yeast-like blastospores and blastoconidia 
arranged in short chains (pseudohyphae). Hyphae 
are 3-6 µm wide, septate and have parallel walls. 
Blastospores are 2-6 µm in diameter with 
occasional budding. The yeast forms are stained 
black on a Grocott’s Methenamine silver stain. 
 
Multifocally and frequently within the interstitial 
layers of the tunica muscularis, there are high 
numbers of protozoa with a distinct absence of a 
surrounding inflammatory reaction. These 
protozoa are ovoid or occasionally piriform and 
measure 6-12 µm in diameter with a single 
basophilic nucleus and are stained magenta on a 
Periodic acid-Schiff stain. 
 
There is a lack of gut-associated lymphoid tissue 
(lymphoid depletion) and multifocally within the 
submucosa and lamina propria there is scattered 
apoptotic cellular debris (lymphocytolysis). In 
infarcted areas, there are numerous small 
colonies of mixed bacteria (opportunistic 
commensal bacterial overgrowth). 
 
By immunohistochemistry, there is 
intracytoplasmic immunoreactivity to Ebola viral 

antigen within macrophages and spindle cells and 
within the lamina propria, there is 
immunoreactivity of extracellular material (fibrin 
and serum). 
 
Contributor’s morphologic diagnosis: 

1. Colon:  Infarcts, multifocal, with 
transmural edema, multifocal 
hemorrhage and intravascular fibrin 
thrombi. 

2. Colon:  Colitis, marked with mucosal 
fungal hyphae, blastospores and 
pseudohyphae (Candida species) and 
myriad protozoa. 

3. Colon, gut-associated lymphoid tissue:  
Necrosis/apoptosis and depletion, 
diffuse, marked. 

 
Contributor’s comment: 
Human viral hemorrhagic fevers (VHF) are 
typically caused by members of the four families: 
(1) Arenaviridae (several mammarenaviruses), 
(2) Bunyaviridae (several hantaviruses, 
nairoviruses, phleboviruses), (3) Filoviridae 
(certain ebolaviruses, marburgviruses) and (4) 
Flaviviridae (several flaviviruses sensu stricto).9 
VHFs are characterized by severe febrile illness 
with bleeding diathesis that culminated in shock 
and multiorgan failure. Key features in the 

Colon, rhesus macaque.  There are numerous segmental areas of hemorrhage and necrosis. Within the edematous submucosa, 
there are numerous thrombosed and inflamed vessels (arrows).   (HE, 53X) 



pathogenesis of VHFs include coagulopathy, 
tissue necrosis and immune suppression. These 
processes occur via activation of the coagulation 
cascade, massive release of cytokines and direct 
cellular lysis, most notably of lymphocytes. 
 
Filoviruses (family Filoviridae) include the Ebola 
virus (including Zaire, Sudan and Kikwit 
species/strains, among others) and Marburg virus 
genera and Reston virus which causes disease in 
nonhuman primates, but not in humans. The most 
consistent gross lesions in nonhuman primates 
experimentally infected with Ebola virus by 
either intramuscular or aerosol exposure include 
a red macular skin rash; a friable, pale liver; 
enlarged, firm spleen and lymph nodes; and 
hemorrhage and congestion of the pylorus, 

proximal duodenum and other segments of the 
gastrointestinal tract. Histologic lesions typically 
include hepatic necrosis and inflammation; 
lymphoid necrosis in the spleen, lymph nodes and 
other lymphoid tissue; fibrin that fills the splenic 
sinusoids; and intravascular fibrin thrombosis in 
the renal papilla, gastrointestinal tract and many 
other sites.10,12 Other histologic findings in this 
animal included all of those listed above, as well 
as myocardial infarctions with myocardial 
necrosis. 
 
Nonhuman primates infected with Ebola virus 
typically succumb to disease within 6-10 days 
following exposure. This animal lived slightly 
longer than average, perhaps due to supportive 
care; however, immune suppression in this 
animal was undoubtedly exacerbated by the 
administration of corticosteroids that allowed 
unchecked proliferation of commensal fungi and 
protozoa in the gastrointestinal tract. 
Corticosteroids, either endogenous or exogenous, 
can cause decreased immune responsiveness, 
suppression of inflammation and delayed wound 
healing.2 
 
The histomorphologic and electron microscopic 
(EM) features of the colonic fungus are consistent 
with a species of Candida. Candida sp. are 

Colon, rhesus macaque.  Higher magnification of 
thrombosed vessel subjacent to the area of hemorrhage 
(HE, 241X) 

Colon, rhesus macaque. In the vicinity of thrombosed vessels, numerous elliptical protozoa are present within the cytoplasm of 
macrophages and neutrophils. (HE, 600X) 



dimorphic fungi found in the environment, 
typically in the yeast form. After ingestion or 
inhalation, these yeasts can persistently reside on 
the mucosa of the gastrointestinal tract as a 
nonpathogenic commensal in immunocompetent 
animals. In the event of an immunocompromising 
event, these yeasts can shift to hyphal and 
pseudohyphal forms and proliferate on mucosal 
surfaces.11 Typical manifestations of candidiasis 
in humans and animals, particularly young 
animals, occur on keratinized epithelial surfaces 
such as the skin, oral cavity, esophagus, rumen or 
vaginal mucosa. Systemic candidiasis can occur 
in any tissue, including the gastrointestinal tract, 
central nervous system and urinary systems. 
 
Scanning and transmission EM was used to better 
characterize the protozoa. EM images identified 
the presence of 4-5 flagella protruding from the 
posterior pole, one of which is attached to the 
body wall forming an undulating membrane 
(image). The size, shape, presence of flagella and 
the single nucleus are consistent with a species of 
Pentatrichomonas.4 Trichomonads are generally 
nonpathogenic commensal organisms found in 
many species of mammals and birds. As with 
other commensals, opportunistic infections can 
occur in cases of immune suppression or other 
disease conditions, and gastrointestinal 
trichomoniasis, specifically gastritis, has been 
reported in Rhesus macaques infected with 
simian immunodeficiency virus.1,6 
 
 

Contributing Institution: 
United States Army 
Research Institute of 
Infectious Disease 
Pathology Division 
1425 Porter Street 
Fort Detrick, MD 21702-
5011 
 
JPC diagnosis: 
1. Colon, submucosal 
vessels:  Vasculitis, 
necrotizing, multifocal, 
moderate with thrombosis, 
mucosal infarction, and 
severe submucosal edema. 
2. Colon:  Colitis, 

neutrophilic and histiocytic, multifocal 
and transmural, marked with intra- and 
extracellular trichomonads. 

3. Colon:  Colitis, neutrophilic and 
histiocytic, multifocal, moderate, with 
infiltrating yeasts and pseudohyphae. 

 
JPC comment: 
Ebola virus infection is a current and relevant 
topic of discussion, with periodic outbreaks most 
recently affecting African countries such as the 
Democratic Republic of the Congo, the Republic 
of South Sudan, the Republic of Uganda, Guinea, 
Liberia, and Sierra Leone.3 As of 13 September 
2020, the current epidemic (11th) of Ebola virus 

Colon, rhesus macaque.  Multifocally, within colonic glands, there are mats of pseudohyphae 
with blastoconidia and entrapped yeasts, consistent with Candida sp.  (HE, 400X).  

Colon, rhesus macaque. Myriad ovoid to piriform  
extracellular and intrahistiocytic trichomonads expand the 
interstitial layers of the tunica muscularis. Periodic acid-
Schiff. (Photo courtesy of United States Army Research 
Institute for Infectious Disease, Frederick, Maryland.) 



(Zaire strain) disease in the Equateur Province of 
the Democratic Republic of the Congo has 
claimed the lives of 48 people, with 53 
recovering.  The approximately 50% mortality 
rate is common and may reach nearly 90% case 
fatality rates, and this particular province 
experienced a previous outbreak just two years 
prior. Resources for testing, medical providers, 
and medical supplies remains a challenge in these 
countries, with the World Health Organization 
contributing financially, and by providing 
healthcare workers.7 
 
During the Ebola outbreaks among humans and 
great apes in Gabon and the Democratic Republic 
of the Congo from 2001 to 2003, numerous small 
vertebrates were captured and sampled in an 
effort to identify a natural host or reservoir host. 
The only animals implicated were a small number 
of fruit bats who either were serologic positives, 
or PCR positives with Ebola virus fragments 
present. However, no bats were serologic and 
PCR positive, and to date, there has been no 
successful virus isolation from a bat. Most 
evidence supports the hypothesis that bats are the 
likely natural host for Ebola virus, but they may 
also be incidentally infected by a different 
animal, the true natural host.5 The book Spillover 
(2012) discusses considerations of emerging 
disease investigation, humanity's clash with 
nature, and the spillover of zoonotic diseases 
from wild animal populations into human 
populations.8 
 
Ebola virus initially replicates in antigen-
presenting cells, such as macrophages and 
dendritic cells, but may also infect numerous 
other cell types such as fibroblastic reticular cells, 
blood monocytes, hepatocytes, Kupffer cells, and 
cells of the adrenal gland and testicle. Peripheral 
mononuclear cells with ebolaviral infection fail to 
produce type 1 IFNs and inhibits IFN-a 
production through disruption of the RIG-1 
pathway and Dicer-dependent protein kinase R. 
STAT proteins are also inhibited, blocking 
transcription of antiviral genes. In the later stages 
of disease, numerous cytokines (IL1b, IL-1RA, 
IL-6, IL-8, IL-10, IL-15, IL-16, TNF-a), 
chemokines, and growth factors (MIP-1a, MIP-
1b, MCP-1, M-CSF, MIF, IP-10, GRO-a, and 

eotaxin) are increased from 5-1000 times normal, 
creating a cytokine storm resulting in organ 
failure, sepsis syndrome, and death.3 
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CASE 2: 14A030 (4048445-00) 
 
Signalment: 
5.74-years-old, female Indian rhesus macaque 
(Macaca mulatta) 
 
History: 
This animal had chronic diarrhea. Three days 
prior to the necropsy, this animal presented with 
hypothermia, hypoglycemia, and dehydration. 
There was not improvement in spite of antibiotic 
treatment. Euthanasia was elected due to the poor 
prognosis. 

 
Gross Pathology: 
The animal showed thin body condition and 
muscular atrophy. Both eyes were sunken. The 
pancreas was pale and edematous. Diffusely the 
small intestine, cecum and colon were extremely 
dilated with large amount of fluid, blood-tinged 
fecal material. The mesenteric lymph nodes were 
edematous and enlarged. 
 
Laboratory results: 
Serum or EDTA blood testing for HVP2, 
MEASLES, SIV, SRV, STLV1, SRV2 were 
negative by MFIA and PCR. Yersinia 
enterocolitica were isolated from the colon 3 
days prior to the necropsy. 
 
Microscopic description: 
Jejunum. The mucosa has multifocal to 
coalescing, mild to moderate erosions and/or 
ulcerations and replaced by large amount of 
eosinophilic cellular debris, degenerate 
neutrophils, fibrin and erythrocytes 
(hemorrhage).  Admixed there are numerous 
colonies of 1 x 2 um bacilli (Gram negative). 
Diffusely the submucosa and serosa are mildly to 
moderately expanded by edema with many 
inflammatory infiltrates. Multifocally the blood 
and lymphatic vessels are dilated and surrounded 

Jejunum, rhesus macaque.  A section of jejunum is 
submitted for examination. Villar structure is not evident.  
(HE, 5X) 

Jejunum, rhesus macaque.  Extensive areas of necrosis are composed of villar necrosis, stromal collapse, infiltration of 
neutrophils, cellular debris, and a large colony of bacilli (upper left).    (HE, 82X) 



by edema and many inflammatory infiltrates 
(perivasculitis).  Occasionally the tunica media of 
vessels is expanded and disrupted by 
inflammatory cells (vasculitis). Diffusely the 
lamina propria is expanded and contains 
abundant amorphous, finely fibrillar to waxy 
hyalinized deposits (Congo red stain positive). 
 
Contributor’s morphologic diagnosis: 

1. Small intestine: Enteritis, acute, diffuse, 
necrohemorrhagic, with perivasculitis, 
vasculitis, and colonies of bacilli, 
etiology consistent with Yersinia 
enterocolitica, Indian rhesus macaque 
(Macaca mulatta). 

2. Small intestine: amyloidosis, diffuse, 
moderate, Indian rhesus macaque 
(Macaca mulatta). 

 
Contributor’s comment: 
Yersinia is a member of Enterobacteriaceae, 
which encompasses 17 species including three 
important pathogenic species: Y. enterocolitica, 
Y. pseudotuberculosis and Y. pestis. Y. 
enterocolitica is a globally distributed 
gastrointestinal pathogen and usually causes a 
self-limiting acute infection beginning in the 
intestine and spreading to the mesenteric lymph 
nodes.7 However, it can cause serious or chronic 
infections, particularly in immunocompromised 
individuals. The pathogenesis of Y. enterocolitica 
is not completely clear.  Y. enterocolitica contains 
more than 16 virulence-associated genes. The 
plasmid gene of pYV/pCD and chromosomal 
genes of ystA, ystB, and ystC are the most 
important for the pathogenesis. pYV/pCD gene 
functions to allow bacterium to penetrate the 
intestinal wall. ystA, ystB, and ystC are the stable 
heat-stable toxin genes that may contribute to the 
pathogenesis of diarrhea.8 
  
Y. enterocolitica infects many species of NHPs 
and causes outbreaks of diarrhea.  Fatal 
yersiniosis has been documented in captive 
squirrel monkeys and gibbons. The major lesions 
are necrotizing enteritis and abscesses in many 
other organs.7   The differential diagnosis in 
nonhuman primates includes Shigella, 
Campylobacter, Salmonella and E. coli.  
 

Reactive amyloidosis is not an uncommon 
finding in rhesus in our colonies.  The major 
organs involved are intestine, mesenteric lymph 
nodes, spleen, and liver, but less often in kidney 
and other organs.  Reactive amyloidosis is caused 
by the deposition of serum amyloid, which is a 
circulating acute-phase reactant produced mainly 
by hepatocytes, and regulated by interleukin (IL)-
1, IL-6, and tumor necrosis factor (TNF). 
Reactive amyloidosis has been reported in human 
patients with rheumatoid arthritis and other 
chronic inflammatory diseases.9 Y. 
pseudotuberculosis has been reported to be the 
cause of amyloidosis in humans,1 but the 
association of Y. enterocolitica and entero-
amyloidosis in this case is unclear. 
 
Contributing Institution: 
Department of Comparative Pathology 
Tulane National Primate Research Center 
http://tulane.edu/tnprc/ 
 
JPC diagnosis: 

1. Small intestine: Enteritis, 
necrosuppurative, multifocal, moderate, 
with large colonies of bacilli. 

2. Jejunum, mucosa:  Amyloidosis, diffuse, 
moderate. 

 
JPC comment: 
Pigs are generally considered the reservoir host of 
Yersinia enterocolitica, and is a widespread 
pathogen across Europe and Poland. While many 
cases continue to be reported, detection and 
identification of this bacterium remain difficult. 
It has recently been shown that diagnostics can be 
improved with the use of Matrix-Assisted Laser 

Jejunum, rhesus macaque.  The lamina propria is expanded 
by abundant amyloid which compresses glands. There are 
increased numbers of mitotic figures within the crypts.  (HE 
398X) 



Desorption Ionization-Time of Flight Mass 
Spectrometry (MALDI TOF MS), but at the cost 
of time and additional media and equipment 
preparation.6 
 
There are a number of virulence factors that aid 
Y. enterocolitica in establishing infection in 
tissues. Some of the most well characterized 
include the three adhesins/invasins Inv, YadA, 
and Ail, which facilitate attachment to host cells, 
and confer the ability to survive neutrophils and 
in Peyer's patches. Before attaching to target host 
cells, this bacterium has a flagella and motility 
increases its virulence. Either the flhDC or fliA 
gene must be functional to maintain a functional 
flagellum, and experimental inactivation results 
in decreased virulence in vitro. 
Lipopolysaccharide of the outer membrane is a 
potent virulence factor that is shared by Gram 
negative bacteria.4 

 
However, the most important virulence factor is 
the Yop virulon, which elaborates its effectors to 
the extracellular space, the plasma membrane, 
and the host cell cytosol, and the Ysc type 3 
secretion system (T3SS). The T3SS consists of 
the injectisome and the translocators YopB, 
YopD, and LcrV, and the T3SS counteracts 
multiple innate defenses of phagocytes by 
inhibiting cytoskeleton movement and preventing 
its phagocytosis.4 
 
While more strictly public health facing, there has 
been research into the use of bacteriophages to 
limit human exposure and consumption of food 
contaminated by Yersinia enterocolitica. Viruses 
of Podoviridae and Myoviridae were shown to be 
safe in mice, and several phages significantly 
reduced the population of experimentally placed 
Y. enterocolitica on kitchen utensils and food. 
The bacteria exhibit different morphologic 
characteristics based on temperature, so whether 
this represents a potential in vivo therapy will 
require additional research.5 
 
There is widespread concern about the prudent 
use of antibiotics in the treatment of susceptible 
disease, and research regarding alternative 
therapies against Y. enterocolitica continue. 
Aporphinoids are a subgroup of 
benzylisoquinoline alkaloid compounds found in 

plants, and several demonstrated significant 
antibacterial properties against Y. enterocolitica 
(as well as some efficacy against a Salmonella 
enterica strain, E. coli strain, and Staphylococcus 
aureus strain).3 Additionally, colicin FY, which is 
typically produced by Yersinia frederiksenii, has 
demonstrated efficacy against Y. enterocolitica in 
mouse models. Murine E. coli isolates were 
transformed with a colicinogenic plasmid in order 
to induce production of colicin FY and tested in 
vitro and in vivo with excellent results.2 Whether 
either of these represent potential future therapies 
will be determined by future research. 
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CASE 3: 16-A817 (4118327-00) 
 
Signalment: 
Juvenile (2.5-year-old) female Indian-origin 
rhesus macaque (Macaca mulatta) 
 
History: 
The animal was a colony assigned animal, born at 
the ONPRC and outdoor-housed in a social 
group. She presented for diarrhea and 
dehydration with 17% weight loss since the last 
recorded weight five months prior. There were no 
previous clinical presentations. Fecal cultures 
were positive for both Campylobacter coli and 
Shigella flexneri. Abdominal ultrasound revealed 
thickened stomach and small intestinal walls, 
gastric distension with hypoechoic ingesta and 
gas, and small intestinal hypermotility and 
distension with anechoic liquid digesta. Colonic 
wall thickness could not be measured; however, 
prominent layering with gas and liquid feces were 
noted within the large intestine. The diarrhea 
continued despite three weeks of antibiotic 
administration (enrofloxacin and azithromycin) 
followed by another week of anti-inflammatory 
therapy (sulfasalazine and prednisone). Due to 
poor prognosis, euthanasia was elected, and the 
animal submitted for post-mortem examination. 
 
Gross Pathology: 
Chronic negative energy balance (BCS 1.5/5), 
thickened, corrugated cecal and colonic mucosa 
with trichuriasis, and renal cortical pallor 
consistent with acute tubular necrosis. 
 
Laboratory results: 
PCR of section of cecum were positive for 
Mycobacterium avium. 
 
Microscopic description: 
Ileocecal junction: Multifocally within the cecum 
are large aggregates of histiocytes with 
intracytoplasmic rod-shaped bacteria that expand 

the lamina propria, separating and replacing 
crypts. The mucosa is diffusely thickened, up to 
3x normal, with elongated crypts that are lined by 
epithelial cells with increased basophilia and 
mitoses (proliferation). The lamina propria is also 
expanded by increased lymphocytes and plasma 
cells, along with a moderate infiltrate of 
neutrophils and mucin-laden macrophages, 
which often extend into the muscularis mucosa 
and submucosa. Along the luminal surface is a 
paucity of normal bacteria (loss of commensal 
surface bacteria) and luminal mucosa is often 
attenuated with occasional loss of epithelial cells 
(erosion). Crypts are frequently dilated, lined by 
attenuated epithelium, and contain aggregates of 
degenerate neutrophils and karyorrhectic debris 
(crypt microabscesses). Hyperplastic gut-
associated lymphoid tissue contains expanded 
germinal centers, along with occasional intact 
crypts (crypt herniation). There is focal 
hemorrhage within the cecal submucosa. Within 
the distal ileum, the villi are segmentally blunted 
(atrophy) and fused. The lamina propria is 
multifocally expanded by acellular, homogenous, 
eosinophilic material (amyloid). The subcapsular 
spaces and medullary sinus of the ileocolic lymph 
node contain a moderate infiltrate of foamy 
macrophages and rare multinucleated giant cells.  
 
 
 
 
 
 
 
 

Gut, rhesus macaque.  Multiple sections of gut, including 
ileum, cecum, and colon are submitted for examination, as 
well as mesenteric lymph node (upper left). (HE, 5X) 



Contributor’s morphologic diagnosis: 
1. Cecum: Typhlitis, granulomatous, 

chronic, multifocal to coalescing, 
marked with histiocytic 
intracytoplasmic acid-fast rod-shaped 
bacteria 

2. Cecum: Typhlitis, proliferative, 
lymphoplasmacytic, neutrophilic, 
chronic-active, diffuse, moderate to 
marked with crypt abscesses and 
herniation, multifocal mucosal 
erosion, loss of commensal surface 
bacteria, and focal submucosal 
hemorrhage 

3. Ileum: Amyloid deposition, proprial, 
multifocal, mild with villus atrophy 
and fusion 

4. Ileocolic lymph node: Histiocytosis, 
sinus and subcapsular, multifocal, mild 
with rare multinucleated giant cells 

 
Contributor’s comment: 
Several disease processes are present in the 
section submitted that demonstrate classic enteric 
diseases of rhesus macaques: mycobacteriosis, 
chronic proliferative typhlocolitis, and secondary 
amyloidosis. Acid-fast histochemical stain 
revealed florid intracytoplasmic organisms 

within histiocytes of the cecum and colon. 
Microscopically, there were also small 
granulomatous nodules in the liver with rare 
intracytoplasmic acid-fast positive rod-shaped 
bacteria. PCR of paraffin-embedded sections of 
cecum confirmed Mycobacterium avium complex 
(Mycobacterium avium-intracellulare). Congo 
red histochemical stains highlighted congophilic 
material that demonstrated apple-green 
birefringence upon polarized light within the 
ileum, as well as in the stomach, jejunum, and 
colon. 
 
Mycobacterium avium complex bacteria are 
ubiquitous in soil, dust, and aquatic 

Colon, rhesus macaque.  The lamina propria is expanded by large numbers of macrophages, admixed with numerous 
lymphocytes and plasma cells and rare eosinophils and neutrophils, which separate and often replace glands.  Hyperplastic 
glands are often longer than normal, have a reduced number of goblet cells, and numerous mitotic figures. 

Colon, rhesus macaque.  Other changes seen in the colonic 
mucosa include crypt abscesses (top center), and prolapse 
of hyperplastic glands into the underlying Peyer’s patches 
(HE, 80X) 



environments, where mammals can be exposed to 
the organisms and develop subsequent disease.8 
Like Mycobacterium tuberculosis, 
mycobacteriosis can cause significant disease in 
old and new world nonhuman primates and 
occurs most commonly in macaques that are 
immune compromised.7 As such, animals with 
mycobacteriosis are usually indoor-housed, 
protocol-assigned, and undergoing irradiation 
therapies or experimental infection with 
immunosuppression-causing pathogens such as 
simian immunodeficiency virus. In natural 
infections, mycobacteriosis is most commonly 
described in the small intestine, similar to Johne’s 
disease (Mycobacterium avium paratuberculosis) 
in other veterinary species. However, 
disseminated disease does occur and may affect 
the colon, liver, and lymph nodes.7 In the present 
case, the organisms were present in the large 
intestine and liver, but no small intestinal 
granulomatous inflammation was noted. Another 
unusual aspect of the case is that the animal was 
outdoor-housed with no known disease that could 
account for a state of immunosuppression.  
 
Proliferative typhlocolitis, or chronic colitis of 
macaques, is the most common disease causing 
morbidity and mortality in many nonhuman 
primate facilities.4 It is characterized by 
hyperplastic cecal and colonic mucosa with 
variable proprial infiltrates of lymphocytes, 
plasma cells, histiocytes, neutrophils, and 
eosinophils, crypt abscesses, loss of goblet cells, 
gut-associated lymphoid hyperplasia, and crypt 
herniation.4 Other findings include superficial 
epithelial tags, presence of mitotic figures in the 
upper half of glands, and lack of filamentous 
bacteria that normally colonize the luminal 
surface. This entity occurs in both nursery-raised 

and group-housed, maternally reared animals. It 
is primarily seen in young animals between 1 and 
3 years of age. Initial episodes of diarrhea may be 
associated with positive fecal cultures for 
Campylobacter spp5 or Shigella flexneri, as in 
this case. Subsequent episodes are characterized 
by normal enteric flora and the variable presence 
of protozoa. The pathogenesis is thought to be 
complex involving repeated enteric infections, 
malnutrition associated with enteric disease, 
compromised mucosal defenses, environmental 
stresses, and possible hypersensitivity to dietary 
antigens.4 Proliferative typhlocolitis is often seen 
in conjunction with acute renal tubular 
degeneration and necrosis, which is due to 
hypoperfusion caused by diarrhea-induced 
hypovolemia. 
 
Secondary amyloid deposition in macaques is 
commonly associated with proliferative 
typhlocolitis due to the state of chronic 
inflammation. The other main condition 
associated with amyloidosis in macaques is 
chronic arthritis.1 Microscopically, amyloid may 
be noted in the proprial tissues and around blood 
vessels of the gastrointestinal tract, interstitium of 
the renal medulla, spaces of Disse in the liver, 
cortical-medullary junction of adrenal glands, 
spleen, and within lymph nodes.1 As in humans 
and other animals with chronic inflammation, 
secondary amyloid deposition in macaques is due 
to misfolded serum amyloid A (SAA) proteins.2 
Misfolded proteins undergo limited proteolysis 
before monomers assemble to form beta-sheets 
that make up the AA fibrils.2 AA amyloidosis is 
considered to be species-specific and is typically 
non-transmissible between species.6 New studies 

Ileum, rhesus macaque.  There is marked edema in some 
segments of the ileum, resulting in marked expansion of 
villi and lacteal dilation.  (HE, 200X) 

Colon, rhesus macaque. Granulomatous inflammation in 
the cecum (left) with intrahistiocytic cytoplasmic acid-fast 
rod-shaped organisms (right).  (Ziehl-Nielsen, 400X).  
(Photo courtesy of:  Oregon National Primate Research 
Center, Oregon Health & Science University, 505 NW 185th 
Ave., Beaverton, OR 97006, 
http://www.ohsu.edu/xd/research/centers-
institutes/onprc/) 



in mice, however, are challenging this concept 
and have shown limited AA amyloid deposition 
with transfer of bovine and feline AA amyloid 
extracts in IL-1 receptor antagonist knock out 
mice.9 In rhesus macaques, AA amyloid 
deposition in the intestine may be associated with 
chronic negative energy balance due to 
malabsorption, often compounding the clinical 
signs of chronic diarrhea.1  
 
Contributing Institution: 
Oregon National Primate Research Center 
Oregon Health & Science University 
505 NW 185th Ave. 
Beaverton, OR 97006 
http://www.ohsu.edu/xd/research/centers-
institutes/onprc/ 
 
JPC diagnosis: 

1. Cecum and colon: Typhlocolitis, 
lymphohistocytic and proliferative, 
chronic, diffuse, severe with crypt 
abscesses and edema. 

2. Ileum: Ileitis, lymphohistiocytic, 
diffuse, moderate with mucosal edema. 

3. Ileum, mucosa: Amyloidosis, multifocal 
to coalescing, moderate. 

4. Mesenteric lymph node: Reactive 
hyperplasia, with medullary 
histiocytosis. 

 
JPC comment: 
The contributor succinctly describes a case of 
multiple pathologies in this nonhuman primate. 
While proliferative colitis (or typhlocolitis) has 
been noted in colonies of macaques, there is 
potential overlap and causation with the condition 
Idiopathic Chronic Diarrhea ICD), which has 
been well characterized in populations at the 
California National Primate Research Center 
(CNPRC). In these cases, there is a 
lymphoplasmacytic colitis similar to that seen in 
human disease, including the subet of diarrhea-
predominant irritable bowel syndrome (I-IBS). In 
the population of rhesus macaques analyzed, 
most had historic Campylobacter spp and/or 
trichomonad infections, and the ICD animals had 
positive culture results at much higher rates than 
the control animals. The ICD animals also had an 
absence of normal colonic bacteria of epithelium-
oriented bacteria and an overgrowth of 

trichomonads, determined to be Helicobacter 
macacae and Pentatrichomonas hominis as 
compared to controls, with most having received 
antibiotic therapy. ICD animals also have 
decreased IL-4 expression in the ileum and colon, 
potentially suggesting either a preexisting 
condition that prevented development of these 
CD4+ Th2 cells, or there was a disease induced 
shift away from this expression pattern. While 
ICD may be related to the described proliferative 
typhlocolitis and shares several features, 
additional research is needed to elucidate the 
causal relationships between gastrointestinal 
flora, disease, and any preexisting conditions.3 
 
As the contributor stated, most 
immunocompetent macaques do not experience 
significant pathology from Mycobacterium 
intracellulare. However, there have been reports 
of intestinal pathology associated with M. 
intracellulare, which included mild to severe 
thickening of the intestinal, cecum, or colon wall, 
thickening of the intestinal mucosa with a 
granular to corrugated appearance, with 
prominent lymphatic channels in the mesentery. 
Typically, the inflammation is of a 
granulomatous character, with acid-fast bacilli 
visualized in macrophages with Ziehl-Neelsen 
stained sections. In this case, it becomes difficult 
to determine whether 1) an immune suppressing 
condition caused the susceptibility to M. 
intracellulare, which resulted in the eventual 
mucosal changes seen consistent with 
proliferative typhlocolitis, or 2) the course of 
chronic typhlocolitis resulted in sufficient 
immune suppression that the animal experienced 
pathologic effects from M. intracellulare.7 This 
animal may have been infected with various 
immune suppressive viruses as well, such as 
simian retrovirus (SRV), of which there are 
several potential strains (SRV-1, SRV-2, SRV-3, 
SRV-5).7 A more distant possibility remains 
infections with simian immunodeficiency virus, 
though there is was no exposure noted, and no 
histopathology consistence with that disease 
reported. 
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CASE 4: 16154 (4117663-00) 
 
Signalment: 
Seventeen-year-old, male, Chinese-born rhesus 
macaque (Macaca mulatta) with an unknown 
breeding history. 
 
History: 
This animal was a control animal and blood 
donor.  

 
Gross Pathology: 
N/A 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Diffuse hyperplasia of the stratum basale is 
present in the skin of the penis, in many places 
forming downward projections which extend into 
the dermis. In one area, the epithelium is 
disorganized with loss of polarity and 
haphazardly arranged, enlarged polygonal cells 
which vary in size up to 35μm in diameter).  
These cells have distinct borders, moderate 
amounts of amphophilic cytoplasm, large 
vesicular nuclei, and single prominent nucleoli. 
Mitoses are abundant, at up to 22 per ten 40x 
fields. Ventral to the urethra, the basement 
membrane is breached by small cords and 
clusters of neoplastic epithelial cells. In addition, 
erosions and ulcers are present, the dermis is 
infiltrated by lymphocytes, plasma cells and 
fewer neutrophils, and aggregates of brownish-
black pigment are present in the dermis.  Clusters 
of prominent thick-walled capillaries lie beneath 
an area of ulceration. A keratin pearl is 
surrounded by neoplastic cells and rare individual 
cell keratinization (dyskeratosis) is present in the 
epidermis.   

Penis, rhesus macaque.    A cross section of the penis is 
submitted.  At low magnification, there is marked mucosal 
hyperplasia with formation of arborizing rete ridges as well 
as submucosal inflammation. (HE, 5X). 



 
Contributor’s morphologic diagnosis: 
Epithelial hyperplasia and dysplasia, focal, 
marked with ulceration, moderate chronic 
lymphoplasmacytic dermatitis, and focal 
microinvasive squamous cell carcinoma, penis 
 
Contributor’s comment: 
Although the histologic findings were suggestive 
of papillomavirus-induced changes, the PCR 
from paraffin embedded sections for rhesus 
papillomavirus type D (RhPV-d) was negative.  
Immunohistochemical staining of these sections, 
however, was positive for markers of 
proliferation (p16 and Ki67) and dysregulation of 
the tumor suppressor p53. Possible 
interpretations for the negative PCR result 
include infection with a non-RhPV-d strain, 
absence or low levels of virus in sectioned tissues, 
or the lesions were not of viral etiology. 
 
Papillomaviruses are small, non-enveloped, 
double-stranded DNA viruses of the family 
Papillomaviridae which infect epithelial cells. A 
variety of human papillomaviruses (HPV) are 
associated with anogenital and oropharyngeal 
neoplasia.5 Out of the 100+ HPV types, high risk 
HPVs (HPV 16, 18, 35 and 41) are capable of 
inducing malignant changes in the human 

reproductive tract. Penile carcinoma is less well-
characterized compared to female reproductive 
tract carcinomas associated with HPV9, and only 
thirty percent of penile cancers are associated 
with HPV.1 
 
The expression of p16 and p53 are associated 
with HPV-HR (high risk)-induced penile 
carcinogenesis while p16 negative, p53 positive 
lesions were identified in HPV-negative 
cancers.11 In another human study, p16 and high 
Ki-67 expression were considered  efficient 
diagnostic markers for precancerous lesions in 
HPV positive individuals.10  
 
In non-human primates, thirteen identified 
RhPVs belong to the alpha-PV group, and most 
are unrelated to HPV.3 However, RhPV-1, was 
found to be closely related to an HPV16 which 
was isolated from an inguinal lymph node in a 
rhesus macaque with a penile squamous cell 
carcinoma.8,12 Cervical intra-epithelial neoplasia 
in female cynomolgus macaques is associated 
with the most common type of PV, RhPV-d, 
which is closely related to RhPV-1 and HPV16 
based upon L1 and E6 ORF sequences. RhPV-d 
is transmissible between macaques, as the viral 
gene product, E1^E4, was confirmed in two 
RhPV-d donors and three recipients in cervical 

Penis, rhesus macaque.   There is marked hyperplasia of the mucosal epithelium with abnormal maturation, marked expansion 
of the basal layer and mitotic activity at numerous layers (dysplasia). (HE, 200) 



cells.15 The initial report of RhPV-1 was from a 
penile squamous cell carcinoma in a male rhesus 
macaque,12 but other reports in non-human 
primates are nonexistent.  
 
Non-HPV premalignant penile lesions in humans 
are primarily associated with lichen sclerosus 
which has a predilection for the genital area.7 
Penile intraepithelial neoplasia (PeIN) is 
classified into differentiated PeIN, which are 
most commonly associated with chronic 
inflammation, and undifferentiated subtypes 
(warty, basaloid and mixed warty-basaloid) that 
are strongly associated with HPV.13 PeINs have 
also been classified based upon p16/p53/Ki-67 
immunohistochemical panels. Differentiated 
PeIN is typically p16 negative and Ki-67 positive 
and has variable p53 expression.  However, p16 
and Ki-67 staining are consistently positive in 
basaloid and warty PeINs, again with variable 
p53 positivity.4 
 
Contributing Institution: 
http://www.wakehealth.edu/Comparative-
Medicine/ 
 
 
 

JPC diagnosis: 
1. Penis:  Squamous cell carcinoma. 
2. Penis, mucosa:  Hyperplasia, 

circumferential, severe, with dysplasia, 
and moderate lymphoplasmacytic 
submucosal inflammation. 

 
JPC comment: 
The contributor summarizes this case succinctly. 
The use of the descriptor microinvasive is used 
much more commonly in human pathology than 
in veterinary pathology. While most commonly 
applied to squamous cell carcinoma in the larynx 
or the cervix, it has been applied to SCC in other 
locations as well. The definition varies, but most 
often includes: 
 

1. The presence of scattered malignant cells 
just below the basement membrane 

2. The presence of malignant cells with no 
invasion beyond 2mm 

3. The presence of malignant cells within 1-
2mm of the basement membrane without 
angioinvasion 

4. The presence of discrete foci of 
malignant epithelium invading through 
the basement membrane 

 

Penis, rhesus macaque.   Within the mucosa adjacent to the urethra, there is an infiltrative neoplasm which nests and cords 
neoplastic epithelial cells breach the basement membrane.  There is central keratinization of one cord (upper center).  (HE, 
120X) 



However, a simpler summarization is an invasive 
carcinoma extending into the stroma not more 
than 0.5mm beyond the basement membrane and 
with no evidence of angioinvasion.14 
 
Papillomaviruses have been associated with 
penile lesions in other species as well. Young 
bulls commonly develop fibropapillomas on the 
head of the penis as a result of infection with 
bovine papillomavirus 1. While fibropapillomas 
are benign, Equus caballus papillomavirus 2 is 
implicated in the malignant transformation to 
SCC in the penis of the middle-aged horse.6 
Similar to this case, p53 is most often 
overexpressed, and in situ hybridization (ISH) 
has confirmed E6/E7 viral nucleic acids in 
neoplastic cells.15 
 
Using Ki67 as a marker of proliferation has been 
well established in human pathology and is most 
well characterized in mast cell tumors in 
veterinary literature. Ki67 is a non-histone 
nuclear matrix protein expressed in all phases of 
the cell cycle, except G0. It has a relatively short 
half-life of 1 hour, and an increased from the 
baseline proliferative index may indicate 
neoplasia. In human penis SCC research, a 
statistically significant threshold of <20% Ki67 
immunolabeling correlated with Grade 1 

neoplasms, up to 46% for Grade 2, and Grade 3 
neoplasms had up to 66% of neoplastic cells 
immunolabeled. These determinations are useful 
when attempting to correlate proliferation index 
with grade and prognosis. While this data may not 
translate exactly to nonhuman primates, it may 
serve as a starting point for creating 
classifications for SCC in nonhuman primates.2 
 
References: 

1. Alemany L, Saunier M, Alvarado-Cabrero I, 
Quiros B, Salmeron J, Shin HR, et al.: Human 
papillomavirus DNA prevalence and type 
distribution in anal carcinomas worldwide. 
Int J Cancer 2015:136(1):98-107. 

2. Berdjis N, Meye A, Nippgen J, et al. 
Expression of Ki-67 in squamous cell 
carcinoma of the penis. BJU Int. 2005 
Jul;96(1):146-8. 

3. Chan SY, Bernard HU, Ratterree M, 
Birkebak TA, Faras AJ, Ostrow RS: 
Genomic diversity and evolution of 
papillomaviruses in rhesus monkeys. J Virol 
1997:71(7):4938-4943. 

4. Chaux A, Pfannl R, Rodriguez IM, Barreto 
JE, Velazquez EF, Lezcano C, et al.: 
Distinctive immunohistochemical profile of 
penile intraepithelial lesions: a study of 74 
cases. Am J Surg Pathol 2011:35(4):553-562. 

Penis, rhesus macaque.   There is marked anisocytosis and anisokaryosis of infiltrating cells and mitoses are frequent and 
occasionally bizarre.  (HE, 400X) 



5. Forman D, de Martel C, Lacey CJ, 
Soerjomataram I, Lortet-Tieulent J, Bruni L, 
et al.: Global burden of human 
papillomavirus and related diseases. Vaccine 
2012:30 Suppl 5:F12-23. 

6. Foster RA. Male Genital System. In: Maxie 
MG ed. Jubb, Kennedy, and Palmer's 
Pathology of Domestic Animals, Vol 3. St. 
Louis, MO: Elsevier. 2016;508-509. 

7. Kacerovska D, Michal M, Hora M, 
Hadravsky L, Kazakov DV: Lichen sclerosus 
on the penis associated with striking elastic 
fibers accumulation (nevus elasticus) and 
differentiated penile intraepithelial neoplasia 
progressing to invasive squamous cell 
carcinoma. JAAD Case Rep 2015:1(3):163-
165. 

8. Kloster BE, Manias DA, Ostrow RS, Shaver 
MK, McPherson SW, Rangen SR, et al.: 
Molecular cloning and characterization of the 
DNA of two papillomaviruses from 
monkeys. Virology 1988:166(1):30-40. 

9. Krustrup D, Jensen HL, van den Brule AJ, 
Frisch M: Histological characteristics of 
human papilloma-virus-positive and -
negative invasive and in situ squamous cell 
tumours of the penis. Int J Exp Pathol 
2009:90(2):182-189. 

10. Lim S, Lee MJ, Cho I, Hong R, Lim SC: 
Efficacy of p16 and Ki-67 immunostaining in 
the detection of squamous intraepithelial 
lesions in a high-risk HPV group. Oncol Lett 
2016:11(2):1447-1452. 

11. Mannweiler S, Sygulla S, Winter E, Regauer 
S: Two major pathways of penile 
carcinogenesis: HPV-induced penile cancers 
overexpress p16ink4a, HPV-negative 
cancers associated with dermatoses express 
p53, but lack p16ink4a overexpression. J Am 
Acad Dermatol 2013:69(1):73-81. 

12. Ostrow RS, LaBresh KV, Faras AJ: 
Characterization of the complete RhPV 1 
genomic sequence and an integration locus 
from a metastatic tumor. Virology 
1991:181(1):424-429. 

13. Shabbir M, Minhas S, Muneer A: Diagnosis 
and management of premalignant penile 
lesions. Ther Adv Urol 2011:3(3):151-158. 

14. Wenig BM. Tumors of the Upper Respiratory 
Tract, Part B, Larynx, Hypopharynx, and 
Trachea. In: Diagnostic Histopathology of 
Tumors, Vol 1, Part 1. Philadelphia, PA: 
Elsevier. 2013;171. 

15. Wood CE, Chen Z, Cline JM, Miller BE, 
Burk RD: Characterization and experimental 
transmission of an oncogenic papillomavirus 

in female macaques. J Virol 
2007:81(12):6339-6345. 

16. Zhu KW, Affolter VK, GaynorAM, Dela 
Cruz Jr, FN, Pesavento, PA. Equine Genital 
Squamous Cell Carcinoma: In Situ 
Hybridization Identifies a Distinct Subset 
Containing Equus caballus Papillomaviurus 
2. Vet Pathol. 2015;52(6):1067-1072. 



WSC 2020-2021 Self-assessment 
Conference 10 

 

1. The Ebola virus primarily replicates in which type of cell? 
a. Dendritic cells 
b. T-cells 
c. Endothelial cells 
d. Megakaryocytes 

 
2. Which of the following species is considered the reservoir for Yersinia enterocolitica? 

a. Cattle 
b. Rodents 
c. Poultry 
d. Swine 

 
3. Which of the following is often associated with chronic colitis of rhesus macaques? 

a. Campylobacteria infection 
b. Mycobacterium sp. infection 
c. Amyloidosis 
d. Lymphoma 

 
4. Which of the following breeds has been associated with Idiopathic Chronic Diarrhea 9ICD) of 

macaques in a recent publication? 
a. Increased numbers of surfaced associated Helicobacter species. 
b. Increased amounts of mucosal IL-4 
c. History of trichomonad infection 
d. No history of Campylobacter infection 

 
5. Which of the following viruses has been associated with genital squamous cell carcinoma in a 

number of species? 
a. Herpesvirus 
b. Polyomavirus 
c. Papillomavirus 
d. Adenovirus 

 

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 2020-2021 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 1: 7950-19 (4137581-00) 
 
Signalment: 
Two-year-old, male, Doberman pinscher mix dog 
(Canus lupus familiaris) 
 
History: 
The animal initially presented to the referring 
veterinarian 90 days prior and over the course of 
two months was treated with cefdopoxime and 
clindamycin for suspected folliculitis/ 
furunculosis.  During the two-month treatment 
period, the animal displayed no clinical signs of 
systemic illness.  Approximately 75 days after 
initial presentation, the animal presented with 
acute lethargy, inappetence, and 
lymphadenomegaly.  Numerous skin biopsies of 
exophytic facial lesions were received for 
examination as well as lymph node aspirates from 
the enlarged prescapular and popliteal lymph 
nodes. 
 
Gross Pathology: 
N/A 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Multiple tissue biopsies are received and 
evaluated in sixteen sections.  Within the sections 
of haired skin are multiple masses that are 

predominantly within the superficial to middle 
dermis, lack a Grenz zone with the epidermis, and 
in some sections extend deep along pilosebaceous 
units. The masses consist round cells arranged in 
sheets which dissect through the dermal collagen.  
The round cells are large, with distinct cellular 
margins and moderate to large amounts of finely 
granular lightly eosinophilic cytoplasm. The 
nuclei are large and round to oval to reniform 
with stippled chromatin and 1-3 small nucleoli.  
Mitotic figures are common and range from 1-5 
per high powered field, including a few atypical 
mitotic figures. There is moderate anisocytosis 

Presentation, dog.  The animal presented with numerous 
cutaneous facial masses, predominantly along the right 
side of the face, at the oral mucocutaneous junction, and 
within the oral cavity itself.  (Photo courtesy of: University 
of Nebraska – Lincoln, Nebraska Veterinary Diagnostic 
Center, Lincoln, NE, https://vbms.unl.edu/nvdls) 



and anisokaryosis. Many lymphocytes are present 
as are moderate numbers of plasma cells, 
although they are more prevalent along the 
periphery and they are more prevalently 
associated with the adjacent pilosebaceous 
glands. There is a small amount of scarring in the 
superficial dermis. The overlying epidermis is 
hyperplastic and contains a small amount of 
pseudoepitheliomatous hyperplasia. 
 
Contributor’s morphologic diagnosis: 
Langerhans cell histiocytosis 
 
Contributor’s comment: 
Cutaneous histiocytoma is one of the most 
frequently diagnosed skin tumors in the dog that 
commonly occurs in younger dogs with breeds 
like the boxer, English cocker spaniel, Doberman 
pinscher, and Scottish terriers (among others) 
overrepresented in diagnosed cases.3 
Traditionally, histiocytomas are considered a 
benign lesion that will often spontaneously 
regress with or without surgical intervention.2 

Langerhans cell histiocytosis (LCH) however, 
represents a rare malignant form of histiocytic 
disease in the dog that can mimic histiocytoma 
grossly, but that often occur as multiple 
cutaneous lesions and can lead to metastasis of 
neoplastic cells and a rapid course of disease.4  
The prognosis for LCH with lymph node 
involvement is poor as the majority of dogs are 
euthanized due to rapid clinical deterioration 
associated with metastatic disease.2   
 
Histologically, the histiocytoma and LCH can 
display roughly the same characteristics with 
LCH tending to exhibit more pronounced 
anisocytosis and anisokaryosis.  Often, as in this 
case, the clinical history can be very helpful in 
leading to an accurate diagnosis.  It appears likely 
that if given a single piece of the biopsies 
submitted without any clinical history pertaining 
to numerous lesions, even a well-trained 
diagnostician could mistake these lesions for a 
routine histiocytoma.  The reliable expression of 
ionized calcium-binding adapter molecule 1 
(IBA-1) is well characterized in proliferative 
histiocytic diseases of dogs and cats.5 As such, an 
IBA-1 IHC was performed to confirm the 
neoplastic cells were of monocyte/macrophage 
origin and the cells exhibited widespread, intense 
staining among the neoplastic cells.    

Presentation, dog.  Another view of the exophytic masses 
of the face and oral cavity. (Photo courtesy of: University of 
Nebraska – Lincoln, Nebraska Veterinary Diagnostic 
Center, Lincoln, NE, https://vbms.unl.edu/nvdls) 

Haired skin, dog.  Five punch biopsies of the skin are 
presented for examination.  At low magnification, a dense 
infiltrate in the dermis abuts the multifocally ulcerated 
epidermis.  (HE, 5X) 



 
A review of histiocytic diseases in dogs and cats 
describes LCH lesions often observed at 
mucocutaneous junctions and within the oral 
cavity.4 Such lesions were observed in this case.  
The animal in this case continued to worsen 
clinically and died on his own within two weeks 
of the biopsy resection or approximately 105 days 
after the initial presentation to the referring 
veterinarian.  The referring veterinarian described 
an easily palpable spleen postmortem, but an 
autopsy was not performed. 
 
Contributing Institution: 
University of Nebraska – Lincoln 
Nebraska Veterinary Diagnostic Center 
Lincoln, NE 
https://vbms.unl.edu/nvdls 
 
JPC diagnosis: 
Haired skin, dermis: Langerhans cell 
histiocytosis, focally extensive, marked. 

 
JPC comment: 
In human pathology literature, there is still debate 
as how to best classify Langerhans cell 
histiocytosis: inflammatory, or neoplastic? The 
histologic appearance of the Langerhans cells is 
benign, the typical accompanying inflammatory 
infiltrate, and the local and systemic cytokine 

Haired skin, dog.  The infiltrate is most dense in the superficial to mid-dermis and tracks downward along the adnexa.  (HE, 20X) 

Haired skin, dog.  The infiltrate is composed of numerous 
spindled to polygonal histiocytes with occasional mitotic 
figures (arrow) with fewer lymphocytes and plasma cells.  
(HE, 400X) 



storm are suggestive of an inflammatory disease. 
Yet there is clonality of the cell population, 
identified mutations in the MAPK pathway, and 
some identified mutations shared with 
hematopoietic precursors provide support for a 
neoplastic classification. Approximately 57% of 
human cases of LCH express the BRAF V600E 
mutation, a key kinase in the RAS-RAF-MEK 
signaling pathway. The BRAF V600E mutation 
forces the MAPK pathway to be constitutively 
active, leading ultimately to increased expression 
of downstream transcription targets.1 
 
Based on the presence of somatic MAPK 
mutations in myeloid precursor cells provides the 
current basis of classification of Langerhans cell 
histiocytosis as a myeloid neoplastic disorder. 
While there are differences between human and 
veterinary species, this classification appears 
valid until additional research in animals can be 
pursued.1 
 
This case also provides the context to discuss 
immunohistochemistry to differentiate histiocytic 
diseases. As the contributor stated, IBA-1 is 
reliably expressed on histiocytes of all lineages. 
In addition, Langerhans cells in the dog and cat 
express CD1a, CD18, and E-cadherin. Crucially, 
E-cadherin is differentially expressed on 
Langerhans cells and not on interstitial dendritic 
cells, the origin of systemic histiocytosis, 

cutaneous histiocytosis, histiocytic sarcoma, 
feline progressive histiocytosis, and dendritic cell 
leukemia. Additionally, if available, CD207 
(Langerin), would be a specific marker for 
Langerhans cells, consistent with histiocytoma, 
cutaneous Langerhans cell histiocytosis, or feline 
pulmonary Langerhans cell histiocytosis.4 
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Haired skin, dog.  Widespread chromogen staining among 
the neoplastic cells confirming the presence of the 
histiocytic phenotype marker ionized calcium-binding 
adapter molecule 1.  IHC Iba-1. 200X.  (Photo courtesy of: 
University of Nebraska – Lincoln, Nebraska Veterinary 
Diagnostic Center, Lincoln, NE, https://vbms.unl.edu/nvdls) 

Haired skin, dog. There is patchy but specific positive 
membranous immunolabeling by anti-E-cadherin 
antibodies in neoplastic histiocytes. Overlying 
keratinocytes are diffusely, strongly immunoreactive. IHC 
E-cadherin. Photo courtesy of: University of Pennsylvania, 
Philadelphia, PA) 



CASE 2: C-5838-19 (4135141-00) 
 
Signalment: 
5½-year-old, castrated male, Greyhound, dog 
(Canis familiaris) 
 
History: 
Owner noticed small cutaneous lesion on ear a 
month ago. Since then, the lesion has grown to 2 
cm in greatest diameter, and a chain of additional 
similar masses have developed. 
 
Gross Pathology: 
A 2.7 x 2.0 x 1.8 cm irregularly shaped section of 
haired skin diffusely expanded by an expansile 
cutaneous mass composed of several raised 
alopecic nodules labeled as removed from the left 

pinna is submitted for histopathologic 
examination. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Haired skin left pinna cutaneous mass: The 
dermis is infiltrated, expanded, and effaced by 
marked pyogranulomatous inflammation 
composed of anastomosing nodular 
pyogranulomas. The inflammation is composed 
of large numbers of epithelioid macrophages 
admixed with smaller numbers of multinucleate 
giant cells, neutrophils, lymphocytes, and plasma 
cells.  Neutrophils are often located centrally and 
the lymphocytes and plasma cells along the 
periphery of the pyogranulomatous nodules.  

Pinna, dog.  The dermis underlying the glabrous skin is markedly expanded by a multilobular, multinodular inflammatory 
infiltrate.  (HE, 5X). 



Lymphoplasmacytic cuffs are often also seen 
around intralesional and perilesional blood 
vessels. Acid fast and modified acid-fast stains 
reveal acid-fast bacteria within moderate 
numbers of individually scattered macrophages; 
some affected macrophages only have 1 or 2 
intracytoplasmic acid-fast bacteria while others 
contain numerous (>20+) acid-fast bacteria. The 
acid-fast bacteria are pleomorphic in appearance, 
ranging from coccoid to rod-shaped to beaded 
and filamentous.  The inflammation extends on 
both sides of the pinnal cartilage and infiltrates 
the superficial dermis approaching (but not 
obscuring) the dermo-epidermal junction. The 
overlying epidermis is locally extensively 
thickened due to acanthosis and is covered by 
small amounts of compact hyperkeratotic to 
orthokeratotic keratin, with one superficially 
eroded area with local serohemorrhagic to 
neutrophilic exudation and crusting. 
 
Contributor’s morphologic diagnosis: 
Haired skin left pinna: Severe, chronic, locally 
extensive, pyogranulomatous pinnal dermatitis, 
with intrahistiocytic acid-fast pleomorphic 
bacteria (canine leproid granuloma). 
 
 
 

Contributor’s comment: 
Canine leproid granuloma (CLG) is an 
uncommon (but probably underdiagnosed) 
nodular mycobacterial disease of the skin.4,6 The 
condition usually occurs in short-coated breeds, 
with Boxer dogs and their crossbreeds 
remarkably overrepresented; Staffordshire Bull 
Terriers, Foxhounds, and Doberman Pinschers 
are also commonly affected. CLG presents 
clinically as single or multiple, firm, well-
circumscribed nodules in the skin or subcutis that 
range in size from 2 mm to 5 cm; larger skin 
lesions may be alopecic or ulcerated.6 The lesions 
may be non-pruritic and painless, but mild signs 
of pain or pruritus have been reported in some 
animals.2 The dorsal surface of the pinna is a 
strongly predisposed site.6 In one large study, the 
head (including the ears) was affected in 85% of 
dogs, and the ears were involved in 64%; less 
commonly the distal extremities (especially the 
forelegs) may be affected.6 The great majority of 
CLG lesions are self-limiting with spontaneous 
regression of lesions often occurring within 3-6 
months.4,6 Persistence of lesions beyond this time 
frame may warrant antibiotic treatment; cell-
mediated immunity may be compromised in these 
patients and thus spontaneous regression may not 
occur.6 Extension of the infection to lymph nodes 
or visceral organs has not been reported.4,6   

Pinna, dog.  The inflammatory infiltrate is composed of numerous macrophages throughout which are scattered low numbers 
of neutrophils. Large numbers of lymphocytes and fewer plasma cells are present at the periphery of the nodules.  (HE, 250X) 



 
Cytologically, microscopic examination of fine 
needle aspirates of CLG syndrome lesions 
commonly reveals numerous, often spindle-
shaped, macrophages admixed with variable 
numbers of lymphocytes and plasma cells, and 
fewer neutrophils. Usually few to moderate 
numbers of medium-length bacilli were detected 
within macrophages or extracellularly.1 
Histologically, canine leproid granulomas are 
composed of nodular to diffuse, granulomatous to 
pyogranulomatous inflammation.  Very small, or 
moderate numbers of acid-fast pleomorphic 
bacteria are present within small clusters of 
intralesional macrophages or are within 
individually scattered macrophages.1 The 
bacteria are acid-fast when stained with Ziehl-
Neelsen stain and are usually bacilli when viewed 
in cytologic samples, but the microscopic 
appearance of the mycobacteria in histologic 
samples has been reported to be more 
pleomorphic and may include long, slender 
filaments in parallel sheaves, short and variably 
beaded bacilli, and highly beaded to coccoid 
forms.1  
 
The causal agent of CLG is fastidious 
mycobacterial species which does not grow on 
synthetic mycobacterial media using standard 

microbiological methods. The disease has been 
reported in dogs from southern Africa, Australia, 
New Zealand, Brazil, and the United States 
(California, Florida, and the northeastern US).3,7 
Recent publications using molecular techniques 
have shown genetic uniformity of the 
mycobacteria found in leproid granulomas from 
dogs in Australia, Brazil, USA, New Zealand, 
and Australia.2,3,5,8  The closest relative of the 
causative species of mycobacteria has been 
suggested to be Mycobacterium simiae.5 The 
mode(s) of transmission of the causative 
organism remains unknown; percutaneous 
inoculation has been suggested as a likely route 
of entry and biting insects have been proposed as 
potential mechanical vectors.2,6,8 
 
Contributing Institution: 
Atlantic Veterinary College 
University of Prince Edward Island 
https://www.upei.ca/avc/ 
 
JPC diagnosis: 
Haired skin, pinna, ear:  Dermatitis, nodular and 
granulomatous, focally extensive, severe. 
 
JPC comment: 
The contributor summarizes the sparse literature 
on this entity. Other differentials that may be 
considered include histiocytoma, plasmacytoma, 
fungal dermatitis, sterile granuloma, and sterile 
pyogranuloma syndrome.4 
 
The hallmarks of histiocytoma, including 
epithelial hyperplasia, reniform nuclei, moderate 
mitotic rate, and top-heavy distribution were not 
present in this case. Plasmacytomas most often 
have binucleated cells, "helmet" cells, with well 
differentiated and distinguishable plasma cells at 
the periphery of the neoplasm. While a fungal 
infection could result in a similar lesion, the 
performed GMS stain revealed no fungal hyphae 
or yeasts. Sterile pyogranuloma syndrome also 
affects Boxers disproportionately but tend to have 
a vertical orientation that tracks hair follicles and 
have a more varied inflammatory cell content. In 
this case, the acid-fast bacteria provide the 
etiology for these lesions. 
 
 

Pinna, dog. Few acid-fast bacilli are found within 
macrophages. Fite-Faraco. Photo courtesy of: University of 
Pennsylvania, Philadelphia, PA) 
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CASE 3: N542/18J (4137397-00) 
 
Signalment: 
5 month-old, entire male, Hungarian vizsla, dog 
(Canis lupus familiaris) 
 
History: 

The dog lived on a farm, had been vaccinated and 
treated for parasites, had no prior medical history, 
and had never travelled outside of Ireland. The 
dog was referred to the UCD veterinary hospital 
with a 4-day history of a progressively 
developing well-demarcated, ulcerative and 
exudative skin lesion on the dorsal aspect of the 
left metacarpal region. This had been associated 
with excessive licking, swelling of the left pad, 
and a mild weight-bearing lameness. Clinical 
signs of lethargy, anorexia, pyrexia (39.6ºC) and 
vomiting had followed the onset of the cutaneous 
lesions.  
 
The dog was managed with intravenous fluid 
therapy (5 ml/kg/hour, anti-emetic (maropitant 1 
mg/kg IV SID), and gastroprotectant (omeprazole 
1 mg/kg IV BID) and broad-spectrum 
antimicrobial therapy (amoxicillin-clavulanate).  
 
On the day of admission, to obtain punch biopsies 
of the skin lesions, the dog was intravenously 
sedated with butorphanol 0.3 mg/kg and 
medetomidine 1 ug/kg. Five minutes later, a short 
(approximately 30 seconds) but violent episode 
of generalized tonic-clonic seizure activity 
associated with autonomic signs occurred. 
Intravenous diazepam was administered (0.5 
mg/kg IV) and the dog was admitted to the 
intensive care unit to complete this procedure and 
to monitor the patient. Additional seizure activity, 
which responded to intravenous diazepam (0.5 
mg/kg) followed by levetiracetam (20 mg/kg), 
was noted 12 hours later. On the third day of 
hospitalization, repeat hematology, biochemistry 

Haired skin, dog.  There is a 2-3 cm, ulcerative cutaneous 
lesion on dorsal aspect of right metacarpus.  (Photo 
courtesy of:  School of Veterinary Medicine, University 
College Dublin, Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed) 



and urinalysis identified moderate 
thrombocytopenia and severe azotemia and 
hyperphosphatemia despite the concurrent 
administration of intravenous fluid therapy. 
Given the clinical signs and laboratory results 
(particularly the rapidly progressing azotemia), a 
tentative diagnosis of cutaneous and renal 
glomerular vasculopathy (CRGV) was made. 
Despite the very guarded prognosis the option of 
intensifying the supportive and monitoring care 
was offered to the owner. This was declined and 
humane euthanasia was performed.  
 
Gross Pathology: 
2-3 cm, ulcerating, encrusted, red-brown 
cutaneous lesion on dorsal aspect of right 
metacarpus extended into the subcutis. 
Pronounced petechiae and ecchymoses over 
serosal surfaces (particularly gastric, small and 
large intestinal serosae). The gastric and small 
and large intestinal walls were transmurally 
edematous. Two liters of pale-yellow tinged 
aqueous fluid was recovered from the peritoneal 
cavity. Pulmonary congestion/hemorrhage, 
especially dorsocaudally. Multifocal 
hemorrhagic infarcts (1-2 mm) scattered 
throughout cardiac ventricular myocardia. 
Petechiae over pancreas and bilaterally over renal 
cortices with cortices diffusely reddened and wet 

on sectioning. Petechiation within 
leptomeninges. 
 
 
 

 

Kidney, dog.  There are petechial to ecchymotic 
hemorrhage on the renal capsule and within the cortex. 
(Photo courtesy of:  School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed) 

Intestine, dog.  There is multifocal serosal hemorrhage 
along the small and large intestine.  (Photo courtesy of:  
School of Veterinary Medicine, University College Dublin, 
Belfield, Dublin 4, Ireland  http://www.ucd.ie/vetmed) 



 
Laboratory results: 
Selected laboratory results on days 1 and 3 of 
hospitalization (values outside normal ranges 
highlighted in bold). Key findings: 
thrombocytopenia, mild hypoalbuminemia and 
azotemia.  
 
Microscopic description: 
Diffusely, glomeruli exhibit extensive segmental 
to global intravascular coagulation, necrosis, and 
hemorrhage (thrombotic microangiopathy). 
Arterioles at the glomerular vascular pole also 
feature luminal thrombosis, along with 
transmural and circumferential eosinophilic 

hyalinized material and karyorrhectic debris 
(fibrinoid necrosis). Necrotic vessels are 
surrounded by aggregates of admixed intact and 
degenerate neutrophils that extend into the 
adjacent interstitium where there is 
accompanying marked hyperemia and 
hemorrhage. Larger caliber cortical arterioles 
also feature hyalinization of their walls with 
accompanying karyorrhectic debris. 
Multifocally, contiguous transverse cross-
sections of cortical tubules exhibit epithelial 
nephrosis and luminal hyaline to more granular 
casts. Casts in medullary tubules also vary from 
hyalinized to palely eosinophilic and finely 
granular in appearance. 
 
Martius scarlet blue staining of renal lesions 
confirms extensive glomerular intravascular 
thrombosis and fibrin within necrotic arteriolar 
walls.  
 
Additional Findings 
 
Skin lesions: extensive deep ulceration with 
dense fibrinocellular exudate (admixed intact and 
degenerate neutrophils and macrophages) 
extending into subjacent fibrovascular tissue, 
dermis and subcutis with widespread 
microthrombi. 
 
Heart: multifocal acute severe myocardial 
necrosis with subtle dystrophic mineralization 
and mild to moderate associated leucocytic 
infiltrates. 
 
Small intestine: transmural fibrinoid necrosis and 
microthrombosis with associated luminal 
inflammation and hemorrhage, mucosal 
necrosis/erosion, submucosal edema and smooth 
muscle necrosis/hemorrhage. 
 
Brain: focally within cerebral grey matter and 
meninges the walls of small caliber arterioles 
feature transmural and circumferential 
eosinophilic hyalinized material and cell debris 
(fibrinoid necrosis). There is associated edema 
and mild inflammation in the surrounding 
parenchyma. 
 
 
 

Cerebrum, dog.  Hemorrhages dot the leptomeninges. 
(Photo courtesy of:  School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed) 



Contributor’s morphologic diagnosis: 
Kidney: glomerular fibrinoid degeneration and 
microthrombosis (thrombotic microangiopathy), 
acute, severe with attendant cortical tubular 
necrosis. 
 
Contributor’s comment: 
The clinicopathological features of this case are 
consistent with a diagnosis of cutaneous and renal 
glomerular vasculopathy (CRGV), an idiopathic 
vascular disease which causes predominantly 
cutaneous and renal lesions in dogs. The 
condition was first described in breeding and 
racing greyhounds between the ages of 6 months 
and 6 years in 1988 associated with a specific 
racetrack in Alabama in the USA and hence given 
the pseudonym ‘Alabama Rot’.1  
 
Since 1988, CRGV has been diagnosed in other 
parts of North America, Germany and the United 
Kingdom and in breeds of dog other than 
greyhounds.1,3,7 Spaciotemporal ‘clusters’ of 
dogs with the condition were reported in the UK 
between 2012 and 2014.3,8,9 This is the first case 
to be reported on the island of Ireland. 
 
The hallmark of CRGV is renal thrombotic 
microangiopathy (TMA), a pathologic process 
that features endothelial damage, thrombosis and 
red cell shearing.1,3,6 Thrombosis is also 
described in dermal, gastric, enteric and colonic 

arterioles.1,2,3 TMA particularly targets 
glomerular capillaries resulting in acute renal 
glomerular necrosis. Cutaneous lesions feature 
epidermal necrosis, subcutaneous hemorrhage, 
fibrinoid necrosis of small arterioles, mixed 
inflammatory infiltrate and thrombosis.1,3,6 The 
current case developed seizure episodes shortly 
after admission to the UCD veterinary hospital. 
Such neurological deficits have been described in 
previously where histopathology found 
multifocal neuronal necrosis, hemorrhage and 
edema.7 Similarly, in the current case, thrombosis 
with associated necrosis, hemorrhage and 
inflammation was observed in cerebral grey 
matter. Ultimately TMA results in consumptive 
thrombocytopenia, hemolytic anemia and 

multiorgan failure.3,6 

 
Ultrastructural examination suggests glomerular 
endothelial damage is a central early event in the 
pathogenesis of CRGV.2,3 Changes described 
include: endothelial swelling, detachment, and 
necrosis; membranous whorl formation; and 
platelet adhesion and aggregation. This is 
followed by narrowing of capillary lumens and 
thickening of capillary walls by the 
subendothelial accumulation of flocculent, 
amorphous, variable electron-dense material, 
along with erythrocytes, cellular processes, and 
fibrin. Aetiologic agents or electron-dense 
deposits typical of immune complexes have not 
been observed. 
 
TMA may be associated with underlying 
conditions, such as malignant neoplasms, 

Kidney, dog.  A wedge-shaped section of the kidney is 
submitted for examination at low magnification.  Extensive 
areas of cortical necrosis are evident as areas of 
hypereosinophilia, most prominent in the inner cortex.  
(HE, 5X) 

Kidney, dog. Glomeruli within the kidney demonstrate 
multifocal thrombosis, segmental to global necrosis and 
hemorrhage and abundant granular cellular debris. 
Adjacent tubules exhibit necrosis, or attenuation of 
epithelium with abundant luminal granular debris or 
protein.  (HE, 400X) 



administration of certain chemotherapies and 
other drugs, transplantation, and sepsis.6 While 
the ingestion of bacterial-associated shiga toxin 
and other factors are suggested etiologies of 
CRGV, studies have failed to consistently 
incriminate shiga toxin or indeed particular 
bacteria or viruses.1,3 Similar to the situation 
pertaining at the race-track in Alabama in the 
1980s, spatiotemporal clustering of CRGV has 
occurred in the UK: in the New Forest region 
between February and March 2013 and between 
April 2015 - 2017 and in Manchester between 
February and April 2014.8,9 Although this 
‘clustering’ may have been a consequence of 
heightened awareness of the condition in these 
areas at these times, there remains the possibility 
of common aetiological factors linked to the local 
environment or to seasonality: cases were 
generally associated with woodlands, increasing 
mean maximum temperatures in winter, spring 
and autumn, increasing mean rainfall in winter 
and spring and decreasing cattle and sheep 
density.8,9 Two UK Kennel Club breed groups – 
‘hounds’ (odds ratio [OR] 10.68) and ‘gun dogs’ 
(OR 9.69) - had the highest risk of a diagnosis of 
CRGV compared with terriers, while CRGV was 
not diagnosed in toy breeds.8 Interestingly, this 
UK study found that Hungarian vizslas, the breed 
of dog involved in this case, were one of the 
breeds that had an increased odds of developing 
CRGV when compared with crossbreds. 
 

Clinical pathology findings include azotemia, 
hypoalbuminemia, hyperbilirubinemia, increased 
alanine transaminase and creatine kinase 
activities, non-regenerative anemia, 
thrombocytopenia, presence of schistocytes, burr 
cells and acanthocytes on blood smears, 
isosthenuria, hemoglobinuria, myoglobinuria, 
proteinuria, glucosuria and presence of casts in 
the urine sediment.1,3,7 The prognosis is 
considered guarded for dogs that develop 
azotemia, and particularly oligoanuric acute 
kidney injury, as a result of CRVG, although 
intensive medical intervention has been 
successful in some cases. 1,3 
 
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: 
Kidney: Vasculitis, necrotizing, glomerular and 
arteriolar, diffuse, severe, with thrombosis, 
extensive tubular necrosis, and proteinosis. 
 
JPC comment: 
The contributor provides a concise summary of 
this case and expands on the background of three 
cases in Ireland. Of the described cases, two were 
vizsla dogs, a breed previously reported to 
experience CRGV at higher rates. Unfortunately, 
a common etiology was not identified, though the 

Kidney, dog.  A Martius scarlet red stains demonstrates 
abundant fibrin (red) in necrotic glomeruli.  (MSB, 400X). 
(Photo courtesy of:  School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed) 

Cerebrum, dog.  There is diffuse mural necrosis within 
small cerebral arterioles. (Photo courtesy of: School of 
Veterinary Medicine, University College Dublin, Belfield, 
Dublin 4, Ireland  http://www.ucd.ie/vetmed) 



cases occurred in similar environments 
(woodland), and two cases were geographically 
similar (within 7 miles, 4 years apart).5 
 
Cutaneous and renal glomerular vasculopathy 
(CRGV) falls under the umbrella of thrombotic 
microangiopathies (TMA), as stated by the 
contributor. The other reported TMA in animals 
is hemolytic uremic syndrome (HUS), reported in 
dogs, cats, rabbits, calves, and horses. Currently, 
there appear to be a variety of possible initiators 
of endothelial damage, which start the events 
leading to microthrombi in small vessels. Some 
possible causes identified in human TMAs 
include an ADAMTS13 (a disintegrin and 
metalloproteinase with a thrombospondin type 1 
motif, member 13) deficiency, complement 
dysregulation, disseminated intravascular 
coagulation (DIC), systemic lupus 
erythematosus, certain drugs, infectious causes, 
and others. Given the epidemiology of this 
disease, which indicates a seasonality, and the 
fact that it primarily affects dogs with an active 
outdoor lifestyle in woodland areas, there may be 
a smaller list of causes for veterinary species. The 
list of infection associated causes of TMAs in 
humans include Shiga-toxin, Campylobacter 
jejuni, Streptococcus pneumonia, HIV, 
cytomegalovirus, Epstein-Barr virus, parvovirus, 
BK virus (polyomavirus), and influenza. The 
possibility that there is an infectious agent or 
toxic cause influenced by the season and 
environment cannot yet be discounted.4 
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CASE 4: 18-2823-3 (4138049-00) 
 
Signalment: 
15-year-old Thoroughbred gelding 
 
History: 
The patient presented to NCSU College of 
Veterinary Medicine for evaluation by the Equine 
Orthopedic Surgery Service and Dermatology 
Service for a 2.5-month history of right hind limb 
lameness and chronic pastern dermatitis. Based 
on radiographs and ultrasound of the right hind 
limb, the referring veterinarian diagnosed annular 
ligament desmitis, but following treatment with 
stall rest, hand-walking, trazodone, and 
acepromazine, the horse showed no improvement 
and became increasingly difficult to manage on 
stall rest. The pastern dermatitis was treated 
chronically with a variety of medications 
including flunixin meglumine, cetirizine, and 
enrofloxacin. The swelling in his distal limbs 
increased while on stall rest. Physical exam 
identified marked thickening and effusion of the 
right hind digital flexor tendon sheath and 



annular ligament constriction, as well as evidence 
of cellulitis with chronic crusting and ulcers over 
the pastern region of both hind limbs (left > 
right). Ultrasound of the right hind distal limb 
identified a tear of the manica flexoria, superficial 
digital flexor tendon, and possibly deep digital 
flexor tendon. Surgery to further evaluate the 
tendon injury was recommended but given the 
need for aggressive management of the dermatitis 
prior to surgery and the suspected prolonged 
rehabilitation time with an uncertain prognosis 
for recovery, euthanasia was elected. 
 
Gross Pathology: 
Submitted for autopsy is a 15-year-old 
Thoroughbred gelding of unreported weight. The 
body is in good postmortem condition 
(euthanasia to autopsy interval of approximately 

15 hours) with minimal autolysis and 
dehydration. On both hind limbs, the plantar and 
lateral aspects of the fetlock and pastern (which 
were circumferentially non-pigmented) show 
mild to moderate, multifocal, fairly well-
demarcated regions of erythema and edema with 
multifocal areas of alopecia. Additionally, on 
both hind limbs just proximal to the coronary 
band circumferentially are 5-8, multifocal, up to 
1.5 cm in diameter ulcers overlain by serous 
crusts (see gross photo). Just proximal to the 
fetlock joint, the distal right hind limb has mild, 
regional thickening of all ligamentous structures, 
and the overlying soft tissues are expanded by 
soft tissue swelling and subcutaneous edema. In 
this region, the lateral manica flexoria has a 4 mm 
in length tear, and the associated portion of 
manica flexoria and superficial digital flexor 
tendon (SDFT) are mildly thickened. Deep to the 
manica flexoria, the distolateral deep digital 
flexor tendon (DDFT) is moderately thickened 
with edema and mild erythema, and along the 
lateral margin is a roughened, markedly 
erythematous surface overlain by fibrinous 
material. Within the flexor tendon sheath there 
are additional loose coagula of soft, fibrinous 
material. 
 
Laboratory results: 
No additional testing 
 
Microscopic description: 
Haired skin (right pastern): The superficial 
dermis is mildly expanded by increased clear 
space (edema) and frequently has dilated small 
caliber vessels that are multifocally increased in 
number. These superficial small caliber vessels 
multifocally have walls thickened and replaced 
by hyalinized eosinophilic material (fibrinoid 

Pastern, horse.    The plantar and lateral aspects of the 
fetlock and pastern (which were circumferentially non-
pigmented) show mild to moderate, multifocal, fairly well-
demarcated regions of erythema and edema with 
multifocal areas of alopecia. (Photo courtesy of:  NIH 
Comparative Biomedical Scientist Training Program 
(CBSTP), https://nih-cbstp.nci.nih.gov/). 

Haired skin, horse. Three sections of haired skin are 
submitted for examination. (HE, 5X) 



vascular necrosis) with an occasional dusting of 
karyorrhectic cellular debris and rare neutrophils 
within the vessel wall (leukocytoclastic 
vasculitis). There are occasional 
microhemorrhages into the wall and adjacent 
interstitium. In occasional affected vessels, the 
lumina are completely occluded by coagula of 
homogenous eosinophilic material (fibrin 
microthrombi). In intact vessels, endothelial cells 
are frequently hypertrophied. Occasionally 
within superficial and mid-dermal vessels, the 
vessel wall is pale, eosinophilic and distorted 
(hyalinosis). The epithelium is mildly thickened 
with occasional mild orthokeratotic 
hyperkeratosis. The superficial dermis has 
minimal, multifocal to coalescing, perivascular to 
interstitial infiltrates of lymphocytes and plasma 
cells. There is occasional follicular ectasia. The 
superficial dermis multifocally has prominent 
elastin fibers (elastosis). 
 
Contributor’s morphologic diagnosis: 
Haired skin of the right pastern: 

a. Moderate to marked, multifocal, 
superficial arteriolar fibrinoid vascular 
necrosis with microhemorrhages, fibrin 
microthrombi, and hyalinosis 

b. Moderate (solar) dermal elastosis 
 

Contributor’s comment: 
Pastern leukocytoclastic vasculitis, also called 
photoaggravated vasculitis or photoactivated 
vasculitis, is a disease of cutaneous vasculitis 
unique to horses that typically affects 
nonpigmented skin of the distal limbs and 
occasionally the muzzle.2 Gross cutaneous 
changes include crusts, erosions to ulcerations, 
and edema, and the condition can be quite 
painful.2 Because the pastern is typically affected, 
other causes of equine pastern dermatitis must be 
ruled out and include primary irritant or allergic 
contact dermatitis, pastern folliculitis/pyoderma 
(due to infection with Staphylococcus aureus or 
Dermatophilus congolensis), chorioptic mange, 
dermatophytosis, Malassezia infection, immune-
mediated dermatitis (such as pemphigus 
foliaceus), and neoplastic conditions (such as 
sarcoidosis).1 Pastern leukocytoclastic vasculitis 
most often affects adult horses, and there does not 
appear to be a sex predisposition.5,6 Lesions are 
typically bilaterally symmetrical but can be 
confined to just one limb, even if other limbs have 
non-pigmented regions, and lateral and medial 
aspects of the distal limbs are most often affected 
with hind limbs affected more often than the 
forelimbs.2,5 Histological findings are similar to 
those in this case and include dermal edema, 
vascular dilation and intramural inflammatory 

Haired skin, horse.  Within the superficial dermis, small vessels are necrotic with acellular walls expanded by abundant brightly 
eosinophilic protein and hemorrhage (left). (HE, 350X) 



cells, leukocytoclasia with nuclear dust, 
microhemorrhages, and thickening of the vessel 
wall of the small superficial, mid, and deep 
dermal vessels.5 Secondary bacterial infections 
are common.5 Uncommonly, chronic cases can 
develop marked, papillary epidermal hyperplasia 
that develops a verrucous appearance.2 
 
The pathogenesis of this syndrome is poorly 
understood, and it is thought to be immune-
mediated.2 Because the changes tend to occur on 
non-pigmented skin, UV radiation is thought to 
be involved in inducing vasculitis.2 However, the 
support for this is variable among studies with 
some studies suggesting that UV radiation is 
likely only a minor contributor.5,6 
Photosensitization has been suggested as the 
underlying cause, but there is no evidence of 
hepatic insufficiency nor known exposure to 
photosensitizing compounds. Additionally, 
lesions often do not affect the entirety of the 
nonpigmented skin as other photosensitizing 
conditions do, and pigmented skin can also be 
involved though usually to a lesser degree.5 Other 
causes of cutaneous vasculitis are not present in 
these cases because there is no history of trauma 
nor vasculitis-associated infectious agents such 
as Staphylococcus spp. or dermatophilosis.2,5 In 

the present case, the solar elastosis supports the 
contribution of UV exposure to disease 
development, and there is evidence 
(predominantly in other sections not included in 
the submitted slide) for bacterial infection that 
was likely secondary rather than causal given the 
presence of vasculitis in areas without evidence 
for infection. Thus, the etiology of 
photoaggravated vasculitis remains unclear, 
making treatment of the condition challenging 
and often unsuccessful.5,6 
 
Cutaneous vasculitis is most common in the horse 
and dog and is considered rare in most other 
species such as cats, pigs, and cattle.2 Other forms 
of cutaneous vasculitis in the horse include 
purpura hemorrhagica (leukocytoclastic 
vasculitis induced by Streptococcus equi 
subspecies equi and leading to hemorrhages and 
extensive edema) and nodular eosinophilic 
vasculitis (nodular to linear lesions that are firm 
and painful on one or more legs).2,3 In the dog, 
causes of cutaneous vasculitis are varied and 
complex and may be associated with 
hypersensitivity reactions (type I, II, or III), 
infectious agents, neoplasia, drugs, or toxin 
exposure.2 A classic example is infection with the 
endotheliotropic Rickettsia rickettsii. Familial or 

Haired skin, horse.  Beneath the basal layer of the epidermis, the superficial dermis is expanded by tangles of thin elastic fibers 
(solar elastosis). (HE, 586X) 



inherited forms of vasculitis have also been 
documented. In pigs, cutaneous vasculitis is most 
commonly associated with Erysipelothrix 
rhusiopathiae. Additionally, porcine dermatitis 
and nephropathy syndrome, associated with 
porcine circovirus 2, results in systemic vasculitis 
primarily affecting the skin and kidneys.2 
 
Contributing Institution: 
Submitted by NIH Comparative Biomedical 
Scientist Training Program (CBSTP) 
https://nih-cbstp.nci.nih.gov/ 
 
Case materials from: North Carolina State 
University College of Veterinary Medicine 
Department of Population Health and 
Pathobiology  
 
JPC diagnosis: 
Haired skin, superficial dermis: Vasculitis, 
necrotizing, diffuse, marked, with mild solar 
elastosis. 
 
JPC comment: 
The contributor summarized much of what is 
currently understood about this disease. While a 
direct causal link to bacterial infection has not yet 
been established, in some reported cases, 
Staphylococcus intermedius, coagulase-negative 
staphylococci, S. pseudintermedius, S. aureus, 
Proteus spp, and Pseudomonas aeruginosa have 
been isolated at affected sites. In a recently 
reported case, a multidrug-resistant 
Pseudomonas aeruginosa (MRPA) was cultured 
from a deep skin biopsy. Following three weeks' 
treatment with oral enrofloxacin and topical 
chlorhexidine shampoo cleaning, the skin lesions 
had healed, and hair was regrowing.4 
 
This reported case highlights the dearth of 
knowledge about pathogenesis of this disease. 
While it is biologically plausible that certain 
bacteria cause type III hypersensitivity induced 
vasculitis, identification of a causative bacterium 
is inconsistent. It is also difficult to discount the 
predilection for non-pigmented skin, though there 
can be less severe manifestations in pigmented 
skin. From the sparse case data accumulated to 
date, it seems likely that disease progression is 
multifactorial, perhaps with both an immune 

complex vasculitis component, as well as a 
component of photosensitization. 
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1. Which of the following is a specific marker for Langerhans cells? 
a. CD207a 
b. E-cadherin 
c. CD18 
d. CD1a 

 
2. In which of the following breeds is canine leproid granuloma most often seen? 

a. Beagle 
b. Rhodesian Ridgeback 
c. Irish Setter 
d. Boxer 

 
3. Which of the following is the causative agent of canine leproid granuloma? 

a. Mycobacterium leprae 
b. Mycobacterium simiae 
c. Mycobacterium avium 
d. A yet-unidentified mycobacterial species 

 
4. According to a recent publication, which of the following appear to be at the lowest risk for 

cutaneous and renal glomerular vasculopathy? 
a. Toy breeds 
b. Hounds 
c. Terriers 
d. “Gun dogs” 

 
5. Ultraviolet radiation has been incriminated as the most important cause of pastern 

leukocytoclastic vasculitis in this horse. 
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 2020-2021 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 1: W2019 234 (4134350-00) 
 
Signalment: 
10 weeks old, female entire, mini lop, 
domesticated European rabbit, (Oryctolagus 
cuniculus) 
 
History: 
Two nine-week-old rabbits were purchased from 
a breeder. The next day the other rabbit in the 
group presented with progressive lethargy, 
inappetence, bradycardia, hypothermia, seizures, 
and recumbency and died shortly after. Four days 
later this rabbit was found dead with no clinical 
signs noticed and was submitted for postmortem 
examination. 

 
Gross Pathology: 
The liver was diffusely pale brown with an 
enhanced lobular pattern and friable texture. The 
spleen was enlarged 2-fold and the edge was 
rounded. On both kidneys there were multifocal, 
poorly demarcated, up to 1 mm diameter, pin-
prick, red, sub-capsular foci (petechial 
hemorrhages). 
 
Laboratory results: 
Fresh frozen liver was submitted for rabbit 
hemorrhagic disease virus (RHDV) PCR. PCR 
for RHDV-2 was positive and RHDV-1 was 
negative. 
 
Microscopic description: 
There is diffuse necrosis of periportal to midzonal 
hepatocytes, characterized predominantly by 
hypereosinophilic hepatocytes with faded nuclei 
(karyolysis) and retained cord architecture 
(coagulative necrosis). There are hepatocytes, 
which are multifocally dissociated from hepatic 
cords, that exhibit fragmented cytoplasm and 
karyorrhexis or pyknosis and are sometimes 
admixed with erythrocytes (lytic necrosis). 
Necrotic periportal hepatocytes infrequently 
exhibit numerous, variably sized, dark basophilic, 
cytoplasmic granules that stain positively with 
Von Kossa stain (calcification). There are small 
numbers of either individual or clustered 
heterophils scattered within necrotic areas. Portal 

Liver, rabbit. The liver was diffusely pale with an enhanced 
lobular pattern and limp, friable texture. (Photo courtesy of: 
Department of Veterinary Medicine, The Queen's Veterinary 
School Hospital, University of Cambridge. Cambridge CB3 
0ES, UK. https://www.vet.cam.ac.uk) 



areas contain moderate numbers of heterophils 
and small numbers of lymphocytes. In 
centrilobular regions there are small numbers of 
heterophils within sinusoids. In one section there 
is a focal grouping of portal areas mildly 
expanded by collagen bundles (fibrosis) with 
mild bile duct hyperplasia (this feature is not 
present in all sections submitted). 
 
 

Contributor’s morphologic diagnosis: 
1. Hepatocellular necrosis, periportal and 

midzonal, acute, diffuse, marked; liver, 
with 

a. Hepatitis, portal, heterophilic, 
acute, diffuse, moderate. 

2. Portal fibrosis, chronic, focal, mild; liver 
with 

a. Bile duct hyperplasia, chronic, 
focal, mild.  

 
Contributor’s comment: 
The gross findings described in this case correlate 
with gross findings for RHDV-2 reported in the 
literature including a pale, friable liver with 
enhanced lobular pattern, splenomegaly, and 
renal petechiae.8 Gross findings may vary in 
severity and can include splenomegaly, petechial 
or ecchymotic hemorrhages in various organs, 
hemorrhage within body cavities and/or 
pulmonary hemorrhage and oedema.1 The most 
significant microscopic finding reported for 
RHDV-2 is periportal hepatocellular necrosis 
with varying degrees of severity, from scattered, 
individual necrosis of periportal hepatocytes to 
more diffuse, zonal necrosis, as in this case. Other 
reported findings include heterophilic infiltration 
of portal areas and hepatic parenchyma.8 

Calcification of individual hepatocytes has not 

Spleen, rabbit. There is mild splenomegaly. (Photo courtesy 
of: Department of Veterinary Medicine, The Queen's 
Veterinary School Hospital, University of Cambridge. 
Cambridge CB3 0ES, UK. https://www.vet.cam.ac.uk) 

Liver, rabbit. Periportal and midzonal necrosis of hepatocytes and surviving centrilobular hepatocytes results in a retiform pattern 
of eosinophilia (necrosis) and basophilia (viable hepatocytes). 



been reported in experimentally infected rabbits, 
although it has been reported in hares infected 
with European brown hare syndrome virus, a 
Caliciviridae closely related to RHDV. In these 
cases, the cytoplasmic granules corresponded 
ultrastructurally to mitochondrial calcification.6 
The focal portal fibrosis and bile duct hyperplasia 
is considered most likely to be an unrelated 
finding in this case. The diagnosis can be 
confirmed by detection of RHDV-2 RNA in 
tissues or body fluids, ideally within fresh liver or 
spleen. RT-PCR is a rapid, highly sensitive 
method of detection that is readily available in 
Europe.5 
 
RHDV is a member of the Lagovirus genus in the 
Caliciviridae family, along with European brown 
hare syndrome virus. Caliciviridae are positive 
sense, single stranded RNA viruses enclosed in 
an icosahedral capsid. A new, distinct variant of 
RHDV, named RHDV-2 or Lagovirus 
europaeus/GI.2/RHDV2/b, was first detected in 
France in 20107 and subsequently in other 
mainland European countries and Great Britain.10 
By 2018 it had been detected in Africa, Oceana, 
western Asia, and North America affecting both 
domestic and wild rabbits.9 While some of the 
earliest RHDV-2 strains in France were reported 
to have a mortality rate of 20-30%, more recent 

strains in Europe and Australia have mortality 
rates of 70-100%.4 Unlike RHDV-1, kittens are 
highly susceptible to RHDV-2.8 Transmission 
can be direct through contact with infected 
rabbits shedding virus in secretions or via a fecal-
oral route. Indirect transmission can occur via 
contaminated fomites such as food, bedding, 
clothing or equipment or via mammalian, avian 
or blood-feeding insect vectors.1 The RHDV 
virus binds host-cell histo-blood group antigens 
(HBGA) on the surface of upper respiratory tract 
or gastrointestinal tract epithelial cells. After 

Liver, rabbit. While the preponderance of viable hepatocytes is present within centrilobular areas, they are scattered within other 
regions of the lobules. Some necrotic/apoptotic hepatocytes (and Kupffer) cells are mineralized. (HE, 400X) 

Liver, rabbit. A Von Kossa stain demonstrates calcium as 
dark black granules on the surface on hepatocytes and 
Kupffer cells. (Photo courtesy of: Department of Veterinary 
Medicine, The Queen's Veterinary School Hospital, 
University of Cambridge. Cambridge CB3 0ES, UK. 
https://www.vet.cam.ac.uk) 



internalization and desencapsidation the positive 
sense RNA viral genome proceeds to translation 
and replication. The virus targets the liver rapidly 
following infection and replicates within 
hepatocyte cytoplasm. Structural protein VP10, 
which is translated from open reading frame 2 
(ORF2), promotes apoptosis and so contributes to 
the cytopathic effects of the virus.1 
 
Contributing Institution: 
Department of Veterinary Medicine,  
The Queen's Veterinary School Hospital, 
University of Cambridge.  
Cambridge CB3 0ES, UK. 
https://www.vet.cam.ac.uk 
 
JPC diagnosis: 
Liver: Necrosis, periportal and midzonal, diffuse, 
with rare hepatocellular mineralization. 
 
JPC comment: 
Rabbit hemorrhagic disease virus (RHDV) 
remains an important pathogen in rabbit 
populations, causing mass mortality events from 
either natural infection, or as a method of 
population control. Domesticated rabbits were 
introduced to Australia in the 19th century, and the 
first reported feral population of rabbits was in 
Tasmania in 1827. They reached areas of 
mainland Australia (New South Wales, 
Queensland) by 1886 and spread to their present-
day range by 1910. As an introduced/invasive 
species to Australia, they are prolific procreators, 
compete with native wildlife for food resources, 
and prevent some plant regrowth by eating seeds 
and seedlings. Rabbits are implicated as a 
potential cause of extinction of several small 
grown-dwelling mammals, the local decimation 
of two plant species, and a threat to populations 
of small mammals, plants, and some seabirds.2 
 
The Commonwealth Government (federal 
Australian Government) uses a multipronged 
approach to reduce the population of rabbits, 
including biologic pathogens, chemicals, and 
mechanical interventions. Chemical methods 
include poisoning with sodium fluoroacetate, 
chloropicrin, and carbon monoxide, with physical 
destruction of habitat and warrens also a 
component of control. While one biologic 
method of control is the Myxoma virus, they also 

regularly release one strain of RHDV-2. The 
rabbit populations have developed resistance, and 
research into releasing new strains is under way.2 
 
A recent case of RHDV in a German zoo affected 
the population of captive mountain hares. 
Previous research has shown that experimental 
infection with GI.1 RHDV in European brown 
hares induces antibody production but does not 
result in clinical disease. Hare populations 
experience differing extent of disease, with many 
species reporting significant pathology and 
mortality associated with GI.2 RHDV-2 strains. 
Sequencing of the isolated virus confirmed a 
previously sequenced strain of GI.2, suggesting 
the importance of cross-species transmission of 
this virus in endemic areas.3 
 
The basophilic stippling seen multifocally on 
viable hepatocytes in this slide stained positively 
for both Von Kossa (indicating mineral) and a 
Perl’s iron stain and was ultimately diagnosed as 
ferrugination.  The cause of this is unclear and a 
similar change was seen in the 2019 WSC in a 
case of a dog with widespread necrosis due to 
CAV-1. 
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CASE 2: 18-2108 (4117382-00) 
 
Signalment: 
Fourteen-year-old, black Percheron gelding 
(Equus ferus caballus) 
 
History: 
A previously healthy gelding that received 
routine veterinary and dental care 6 days prior to 
death. The gelding was hitched to a cart at an 
event when it suddenly refused to go forward and 
within seconds, dropped to the ground. After a 
few spasms, it was declared dead.  
 
Gross Pathology: 
The horse was in good physical condition, well-
fleshed, but not obese. The myocardium of the 
right atrium, right ventricle, and interventricular 
septum were streaked with numerous, well 
demarcated, white striae that extended 
transmurally from epicardium to endocardium. 
Adjacent papillary muscles were variably 
streaked as well. The left ventricular wall 

contained variably sized (1-5 cm diameter), 
irregularly round, well demarcated, bright white 
foci. Additionally, the epiglottis, larynx, and 
tracheal mucosa were speckled with petechial 
hemorrhages and the lungs were markedly 
congested.  
 
Laboratory results: 
None. 
 
Microscopic description: 
HEART (right ventricular wall and 
interventricular septum): Up to 75% of the right 
ventricular myocardium is replaced by adipose 
tissue, proliferating fibroblasts, and collagenous 
connective tissue. The tunica of most myocardial 
arteries is thickened up to 3-4 times normal by a 
circumferential proliferation of smooth muscle 
cells and collagen fibers (hypertrophy and 
hyperplasia), and most are surrounded by 
variable amounts of collagen fibers. Numerous 
myocardial fibers are swollen and pale, often 
fibrillar or fragmented, frequently contain 1-2 
large vacuoles, and some exhibit significant 
variation of the diameter (atrophy). In another 
less affected section (interventricular septum), 
there is mild multifocal loss of myofibers and 
replacement by fibrous connective tissue. 
Randomly scattered throughout both sections, 
myofibers contain glassy, pale basophilic, PAS-
positive, sarcoplasmic material that expands and 
sometimes completely replaces the fiber.  

Heart, horse. Large coalescing white streaks are present 
within the right ventricular myocardium. (Photo courtesy 
of: University of Connecticut, Connecticut Veterinary 
Medical Diagnostic Laboratory, Department of 
Pathobiology and Veterinary Science College of Agriculture, 
Health and Natural Resources, http://patho.uconn.edu) 



 
SKELETAL MUSCLE (tissue not submitted): 
Up to 60% of the myofibers display the following 
changes; diffuse pallor, loss of cross striations, 
sarcoplasmic swelling, and internalized nuclei. 
These fibers are infiltrated by few to moderate 
numbers of lymphocytes, macrophages, and 
plasma cells. There is accumulation of PAS-
positive sarcolemmnal vacuoles in degenerative 
and normal myofibers. These vacuoles form 
coalescing aggregates that can completely 
replace the myofiber.  
 
 
 
 

Contributor’s morphologic diagnosis: 
HEART (right ventricular free wall and 
interventricular septum):  

1. moderate to marked arterial medial 
hyperplasia and hypertrophy;  

2. mild to marked extensive myofiber 
degeneration and loss, with interstitial 
fibrosis and fatty infiltration;  

3. mild to moderate myofiber accumulation 
of PAS-positive material  

 
Contributor’s comment: 
Polysaccharide storage myopathy (PSSM) in this 
Percheron gelding was confirmed by the 
identification of PAS-positive intrasarcoplasmic 
polysaccharide inclusions in multiple muscles 
and the heart.4,10 The distribution of changes in 
the heart were consistent with chronic vascular 
disease with secondary cardiac remodeling as 
opposed to a sequel of myocarditis.3 Presumably, 
myocardial degeneration, fatty change, and 
interstitial fibrosis, can impact the conduction 
system by blocking conducting pathways or 
forming ectopic foci of electrical excitation, 
resulting in sudden death.3,8 
 
PSSM is a condition caused by an autosomal 
dominant, gain of function, missense mutation 
(R309H) in the glycogen synthase gene 
(GYS1).7,8 GYS1, a ubiquitously expressed 
enzyme, has a high expression in tissues with 
increased glycogen demand and metabolism, 
such as skeletal and cardiac muscle.7 While the 
pathogenesis is unclear, mutation in this enzyme 
results in accumulation of amylase-resistant 
alpha-crystalline polysaccharide.4,8,10,13 In 
humans, a similar mutation in GYS1, can present 
with a cardiac phenotype with cardiac failure or 

Heart, horse. Within the ventricular septum, there is an 
extensive patch of fibrofatty infiltration. (Photo courtesy of: 
University of Connecticut, Connecticut Veterinary Medical 
Diagnostic Laboratory, Department of Pathobiology and 
Veterinary Science College of Agriculture, Health and 
Natural Resources, http://patho.uconn.edu) 

Heart, horse. Two sections of myocardium are submitted for 
examination. In one section, the myocardium is extensively 
replaced by fat. (HE, 200X) 



dysrhythmias.11 In horses, PSSM has a wide 
range of clinical presentations, from no clinical 
signs, to muscle pain, shivers, ataxia, severe 
weakness, exertional rhabdomyolysis, and 
recumbency.8,10,13 Diagnostic criteria for PSSM is 
controversial, but common criteria include the 
presence of PAS-positive +/- amylase resistant 
sarcoplasmic inclusions, subsarcolemmal 
glycogen aggregates, central cytoplasmic 
glycogen aggregates, in the presence of 
myopathic changes.4,13 
 
Causes of myocardial disease in horses include 
viral infections (Equine Influenza, Equine Viral 
Arteritis, Equine Infectious Anemia, Equine 
Herpes Virus 1), bacterial infections 
(Streptococcus spp, Staphylococcus spp, 
Salmonella spp, Clostridium spp), parasitic 
infection (Strongylus vulgaris, Onchocerca spp), 
ingestion of cardiotoxic plants (Nerium oleander, 
Digitalis purpurea, Convallaria majalis, 
Rhododendron spp), ingestion of ionophore 
antibiotics (monensin, lasalocid, salinomycin), 
cantharidin toxicosis (blister beetle), and vitamin 
E/selenium deficiency.3,10 The etiology of chronic 
myositis and myocardial fibrosis in horses 
remains unknown, although any cause of 
myocarditis can result in myocardial scarring.3,10 
This horse had no known history of disease or 
toxin exposure. Additionally, to our knowledge, 
there have been no confirmed reports of 
conduction defects in horses with PSSM and few 
reports of polysaccharide inclusions in the 
myocardium.8,15 Percherons, Belgians, and other 
Draft horses have a particularly high prevalence 
of both type I polysaccharide storage myopathy 

and involvement of cardiac muscle.8,13,15 In mice, 
glycogen storage myopathy and an over-
expression of AMP-activated protein kinase 
results in conduction defects. The proposed 
mechanism of cardiac failure in humans and mice 
is distortion of the annulus fibrosis by vacuole-
laden ventricular myocytes which allows an 
electrical impulse to by-pass the atrioventricular 
node and independently activate the ventricular 
myocardium.1 
 
Contributing Institution: 
University of Connecticut 
Connecticut Veterinary Medical Diagnostic 
Laboratory 
Department of Pathobiology and Veterinary 
Science College of Agriculture, Health and 
Natural Resources  
http://patho.uconn.edu  
 
JPC diagnosis: 
Heart, myocardium: Myofiber cytoplasmic 
glycogen-like inclusions, numerous, with 
multifocal to coalescing myofiber degeneration 
and loss, with marked fibrofatty infiltration. 
 
JPC comment: 
This case generated lively discussion about the 
fibrofatty replacement of myocytes, and whether 
this was likely a result of the EPSSM, or 
potentially a different process. Previous 
investigations in horses with PSSM have found 
sporadic fatty infiltration and replacement of 
myocytes, with a particularly severe case found 
in a homozygous horse.2 However, the clinical 
history of sudden collapse and death, the 
fibrofatty infiltration of the right ventricle, right 
atrium, and interventricular septum may also be 
consistent with arrhythmogenic right ventricular 

Heart, horse. The myocardium is infiltrated and replaced by 
abundant well-differentiated adipocytes and fibrous 
connective tissue and entrapped cardiomyocytes 
demonstrate marked atrophy, but few other features of 
degeneration. However, numerous cardiomyocytes exhibit 
one or occasional more clear sarcoplasmic vacuoles. (HE, 
200X) 

Heart, horse. Occasionally, myofibers in both sections 
contain rhomboidal to amorphous (shown here) 
accumulations of grey polysaccharides. (HE, 400X) 



cardiomyopathy (ARVC). Reported cases have 
had patchy to diffuse fibrofatty infiltration and 
replacement of myocytes, few islands of adipose 
tissue within a loose collagenous stroma, with 
vacuolated and isolated or disrupted Purkinje 
fibers.5,9 
 
Glycogen synthase (GS) is covalently regulated 
at nine phosphorylation sites which can be 
modified by various kinases. The kinases with the 
most significant contribution to decreased GS 
activity are glycogen synthase kinase 3b 
(GSK3b) and AMP-activated protein kinase 
(AMPK). Phosphorylation at four specific sites 
depress the enzyme activity than much more than 
the other five sites. Horses with homozygous 
mutant alleles had higher GS expression than 
wild types, and also had increased G6P-
independent activity. As increased 
phosphorylation reduces GS activity, the 
elevation of GS activity remains despite 
increased phosphorylation of GS.6 
 
Additional research examined the mitochondrial 
function of affected myocytes using high 
resolution respirometry (HRR), which has been 
used to detect mitochondrial dysfunction in 
humans. Certain mitochondrial dysfunctions 
have been associated with glycogen storage 
disease (GSD) in humans, such as GSD type II 
(Pompe disease), and GSD V (McArdle disease). 
While only a small group of affected horses was 
examined, there was a decrease in oxidative 
phosphorylation and electron transfer capacities 
in PSSM horses, with no substrate limitations 
evident. Different muscles examined (gluteus 
medius, triceps brachii) had different 
histopathologic appearances and levels of 
mitochondrial dysfunction, proposed to be due to 
different compositions and use of the muscle 
groups.12 
 
PSSM that is due to GYS1 mutation has been 
categorized as PSSM type 1, and 
disproportionately affects Quarter horses, 
European-derived draught breeds, and related 
stock breeds. However, there remains a large 
population of cases of PSSM that are not 
correlated with GYS1 mutation, more often 
Warmblood and Arabian horses, and has been 
defined as PSSM type 2. A recently available 

genetic test for PSSM type 2 examines single 
nucleotide polymorphism (SNP) variants in the 
genes myotilin (MYOT), filamin C (FLNC) 
myozenin (MYOZ3). Unfortunately, in 
independent testing, there is no statistically 
significant correlation between gene status and 
diagnosis of PSSM type 2.14 
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CASE 3: T18-6702 (4152981-00) 
 
Signalment: 
1-year-old, Female, German shepherd, dog 
(Canis familiaris) 
 
History: 
The dog exhibited neurological signs, had 
difficulty in walking, was not able to swallow, 
was drooling saliva, and was apparently blind. 
Encephalitis was suspected on clinical grounds; 
the dog was euthanized, and the carcass was 
submitted for necropsy. 
 
Gross Pathology: 
On external examination, it was noted that the 
dog was found in a poor body condition. Upon 
opening the carcass, the submandibular lymph 
nodes were moderately to markedly enlarged. 
Extensive multinodular mass that involved 

mediastinal lymph nodes and adjacent left side 
lungs was present in the thorax. The mass 
apparently compressed the adjacent thoracic 
esophageal segment. A small area of creamy 
exudate consistent with inspissated pus was 
present on cut surface, while grayish white 
surface was evident in the remaining nodular 
growths when cut. Right side lung was adhered to 
the diaphragm and the parietal pleura by 
moderate fibrous growth. Intestines had loose 
contents. There was a focal brainstem 
hemorrhage adjacent to cerebellum. There was no 
other grossly visible lesion. 
 
Laboratory results: 
Brain was negative for rabies. 
 
Microscopic description: 
Multifocal to focally extensive areas of 
granulomatous inflammation that contained 
abundant fungal yeasts admixed with 
macrophages were observed in the meninges of 
the brain. The fungal yeasts measured about 4-20 
microns in diameter occasionally exhibiting a 
narrow-based budding and had thick transparent 
capsule consistent with Cryptococcus species. 
Similar lesions with abundant fungal yeasts were 
observed in multiple tissues and organs (slides 
not included) including skin, lungs, and lymph 
nodes. 
 
Contributor’s morphologic diagnosis: 
Multifocal, moderate to severe granulomatous 
meningitis with intralesional fungal yeasts 
consistent with Cryptococcus species. There was 
granulomatous pneumonia, pleuritic, 
lymphadenitis and dermatitis (slides not 

Brain, dog. Sections of cerebrum, cerebellum, and 
brainstem are submitted for examination. (HE, 5X) 



included) with intralesional similar fungal yeasts 
consistent with disseminated cryptococcosis. 
 
Contributor’s comment: 
Multifocal to focally extensive severe, 
granulomatous to pyogranulomatous meningitis, 
dermatitis, pneumonia, pleuritis, lymphadenitis, 
peri-neuritis (optic nerve), splenitis, and with 
intralesional abundant fungal yeasts consistent 
with disseminated cryptococcosis were observed 
on microscopic examination. 
 
Cryptococcosis is a mycosis caused by yeasts of 
genus Cryptococcus. The genus Cryptococcus 
can be divided into 2 groups: the pathogenic 
complex of Cryptococcus neoformans and 
Cryptococcus gattii, and the “less pathogenic” 
saprophytes, Cryptococcus laurentii, 
Cryptococcus magnus, and Cryptococcus albidus 
(although the species in the saprophyte group 
have been recently identified as pathogens in 
non-canine domestic animals).2 Mainly C. 
neoformans and C. gattii affect humans and 
animals. The yeasts are widely distributed in the 
environment and are typically associated with 
avian droppings and decaying wood.3 
Cryptococcosis is distributed particularly in 
North America (Southern California, Western 

British Columbia), and on the east coast of 
Australia, while it has remained sporadic to date 
in Europe.1 
 
Cryptococcosis caused by Cryptococcus 
neoformans and C. gattii is now being considered 
an important infectious disease both in humans 
and animals. The organism is isolated from 
environmental sources such as plant materials 
and avian excreta, where the fungus finds its 
ecological niche to reproduce, disperse and 
become the possible source of infections for the 
host.7 Various domestic and wild mammals may 
be infected with Cryptococcus, including cats, 
dogs, ferrets, horses, camelids, goats, sheep, 
cattle, dolphins, koalas and other marsupials. 
Cryptococcosis most often occurs by inhalation 
of fungal yeasts in suspension in the air. The 
organisms lodge in the nasal, paranasal, and 
pulmonary tissues before spreading more widely 
by blood or direct extension1,3 into other tissues 
including the central nervous system and 
cutaneous tissues. 
 
Cryptococcus neoformans, an opportunistic 
fungus, is a commonly incriminated species in 
cryptococcosis. Immunosuppressive or 
debilitating diseases and iatrogenic 

Cerebellum, dog. The cerebellar folia, as well as other segments of the meninges, are expanded by yeasts and mild granulomatous 
inflammation. (HE, 60X) 



glucocorticoids or cytotoxic chemotherapy is 
usually associated with cryptococcosis. There 
also was moderate demodicosis in the sections of 
skin in the dog in this report. C. neoformans 
presents a wide distribution in the environment 
and is associated mainly with avian droppings 
and decaying wood and most infections are 
linked to immunocompromised conditions. 
Similar to human cryptococcosis, the most likely 
route of infection in dogs and cats is inhalation of 
basidiospores or desiccated yeast cells during 
environmental exposure. Therefore, the nasal 
cavity is potentially the initial site of infection. 
Consequently, the most frequent clinical signs 
observed in veterinary medicine are associated 
with the upper and lower respiratory tracts.3 The 
incidence of cryptococcosis is lower in dogs than 
in cats. Cryptococcosis particularly affects dogs 
under 6 years old. American Cocker Spaniels, 

Great Danes, Doberman Pinschers, and German 
Shepherds appear to be overrepresented.1 The 
majority of canine cryptococcosis cases are 
reported as neurologic, disseminated, or nasal 
infections. A boxer dog is reported to suffer from 
primary alimentary cryptococcosis without 
dissemination.9 

 
Cases of cryptococcosis in dogs are characterized 
mainly by the presentation of a systemic 
dissemination of infection, resulting in life 
threatening illness. The disease may occur in any 
age, but the majority of the cases have been 
reported in dogs younger than 6 years of age.7 
Clinical signs may vary depending on the severity 
of lesions and affected organs or tissues. In dogs, 
disseminated disease is frequent, severe, and 
often involves atypical sites. Major systems 
affected include central nervous system, eyes, 

Cerebellum, dog. Granulomatous meningitis with numerous Cryptococcal yeasts organisms with a thick transparent capsule and 
narrow-based budding (arrow). (Photo courtesy of: The University of Georgia, College of Veterinary Medicine, Department of 
Pathology, Tifton Veterinary Diagnostic and Investigational Laboratory, 43 Brighton Rd, Tifton, GA 31793, USA) (HE, 400X) 



urinary system, and nasal cavity. Lytic bone 
lesions can cause lameness. Mild to moderate 
non-regenerative anemia, leukocytosis, 
monocytosis, and eosinophilia are common 
findings. There can be hematogenous spread, 
particularly to the central nervous system with 
incubation times 2-13 months or longer.2 
 
Diagnosis of the infection can be made by routine 
culture techniques, histopathology and validated 
serological tests in all of medical mycology.8 
Cytological examination is also a good technique 
to detect Cryptococcus spp. in clinical cases3 
although a negative result in the cytology does 
not rule out the possibility of an infection.7 
Cryptococcus spp. could also be identified on 
fecal examination.9  
 
Cryptococcosis remains hard to treat in dogs and 
cats, with the treatment consisting of the use of 
systemic antifungals that can be used as 
monotherapy or in combination. There is, 
however, not a clearly established protocol.1 The 
entire resection of masses is reported to be an 
important step for the treatment of some patients. 
Long-term association of flucytosine, 
itraconazole and amphotericin B on postoperative 
care resulted in no relapse. The use of fluconazole 
and terbinafine were also associated with success 
in the treatment of gastrointestinal 
cryptococcosis.3. Canine abdominal 
cryptococcosis is reported to be successfully 
treated with a triazole therapy alone.9 
 
The prognosis for cryptococcosis is poor and 
directly correlates with the extent and the 
magnitude of the disease at the time of the 
diagnosis. Implementation of an adequate 
treatment and rigorous monitoring can, however, 
quite substantially increase the chances of 
survival. Despite establishment of a suitable 
antifungal treatment, the prognosis remains 
poor.1 The presence of clinical signs of CNS 
disease has been shown to be a significant 
predictor of mortality.2  
 
Contributing Institution: 
The University of Georgia 
College of Veterinary Medicine 
Department of Pathology 

Tifton Veterinary Diagnostic and Investigational 
Laboratory 
43 Brighton Rd, Tifton, GA 31793, USA 
 
JPC diagnosis: 

1.  Cerebrum, cerebellum, spinal cord: 
Meningoencephalitis, granulomatous, 
multifocal to coalescing, moderate with 
numerous extracellular and 
intrahistiocytic encapsulated yeasts. 

2. Cerebrum, presumptive pyriform lobe: 
Glioma. 

 
JPC comment: 
Cryptococcus neoformans is well summarized by 
the contributor. A polysaccharide capsule is the 
most critical virulence factor for this pathogen. 
The ability to form the capsule is dependent on 
local factors and host signals, such as the 
presence of glucose, iron, CO2, which are sensed 
by the G-protein coupled receptor Gpr4 and the 
cyclic AMP/protein kinase A (cAMP/PKA) 
pathway. The cAMP/PKA pathway also 
coordinates capsule production through the 
regulation of transcription factors, the ubiquitin 
proteasome system, and the iron regulator Cir1. 
Some virulence factors, such as melanin, are also 
regulated through the cAMP/PKA pathway, 
while others (proteases, urease, phospholipase, 
and superoxide dismutase) are regulated in other 
ways.5 
 
Acapsular Cryptococcus spp yeasts have been 
reported in animal infections occasionally. The 
variants without a capsule are typically less 
virulent than those with a functional capsule. A 
basic component of the fungal cell wall is a-1,3-
glucan encoded by the AGS1 gene, which critical 
for the correct capsule-cell wall attachment. 
Variants with disruptions to the AGS1 gene 
(ags1D strain) are characterized by yeasts that are 
functionally alive, but without any capsule on the 
cell wall surface, despite the correct presence of 
capsule components in sufficient quantities.4 
 
While not regularly reported in veterinary 
literature, Cryptococcus spp can also form cells 
of varying size. While the normal yeast size is 
approximately 4-6 µm in diameter, titan cells are 
larger than 12 µm in diameter, and sometimes 



larger than 100 µm in diameter. Like many other 
regulatory mechanisms in this genus, titan cell 
production is also regulated by the cAMP/PKA 
pathway.4,5 On the other size of normal, 
Cryptococcus spp also has the ability to make 
micro cells that are usually 2-4 µm in diameter 
and may be adapted for growth in macrophages.4 
 
Interestingly, a few slides (and the distributed 
scanned slide) for this case contain a focus of glial 
proliferation within what appears to be a section 
of pyriform lobe. Our opinion on this focus, 
which lacked inflammatory cells as well as yeasts 
and is based solely on morphology is that it 
represents a small glioma. Dr. Jey Koehler of 
Auburn University agreed in consult. Olig2, 
GFAP, IBA1, CD3, and PAX5 were performed, 
but this focus was unfortunately not present in the 
submitted unstained slides. 
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CASE 4: A19-1839 (4152506-00) 
 
Signalment: 
17 years, female, military macaw, Ara militaris, 
macaw 
 
History: 
Regurgitation and wasting. 
 
Gross Pathology: 
The 780 g macaw was wasted with severe 
pectoral muscle atrophy and no appreciable 
coelomic adipose tissue. The proventriculus (not 
submitted to WSC) was distended with feed and 
approximately 8 cm in length. The wall of the 
proventriculus was markedly thin. The 
proventriculus was adhered to nearby tissues by 
strands of fibrin. 
 
The ventriculus (submitted tissue) was flaccid 
with severe, diffuse thinning of the muscular 
wall. 
 

 

Ventriculus, macaw: A single cross section of the ventriculus 
is presented for examination. There is diffuse thinning of the 
ventricular smooth muscle. (HE, 5X) 



Laboratory results: 
Aerobic culture of the liver and culture of liver 
and gastrointestinal tract for Salmonella were 
negative. 
 
No parasites were observed on fecal flotation.  
 
Microscopic description: 
In the section of ventriculus, numerous 
lymphocytes and plasma cells are in nerve fiber 
bundles and ganglia of the autonomic plexi. 
Smooth muscle bundles of the tunica muscularis 
are atrophied with variable lymphocytic 
inflammation. Axons and neuronal cell bodies are 
degenerated or lost with a relative increase in 
endoneurial fibrous tissue. Similar histologic 
lesions were in the crop and proventriculus (not 
submitted).  
 
Contributor’s morphologic diagnosis: 
Lymphoplasmacytic ganglioneuritis with 
muscular atrophy, ventriculus 
 
Contributor’s comment: 
The lymphoplasmacytic inflammation of 
gastrointestinal autonomic plexi prompted a 
diagnosis of proventricular dilatation disease 
(PDD). Coupled with the gross lesions of 
proventricular dilation, the autonomic 

ganglioneuritis is considered diagnostic of PDD. 
Immunohistochemistry and PCR can be used for 
confirmation, using brain, especially thalamus or 
hind brain, or other tissues.8 Dilation of the 
proventriculus (distension by feed), the major 
gross lesion at autopsy, is attributed to the 
ganglioneuritis in the autonomic nervous system, 
especially that of the gastrointestinal tract.8 Other 
lesions can include encephalomyelitis, peripheral 
neuritis, myocarditis, and adrenalitis.  
 
A viral cause had long been suspected for PDD, 
and in 2008, separate research teams identified 
novel avian bornaviral strains by DNA 
sequencing and PCR of the brain and other tissues 
from parrots with PDD.3,5 Originally named avian 
bornavirus, the etiologic agent is now called 
parrot bornavirus. Fecal-oral transmission has 
been proposed as the natural route of infection; 
however, oculonasal or oral inoculation failed to 
establish persistent infection or disease in 
cockatiels.2 Intramuscular (pectoral) inoculation 
with parrot bornavirus-2 consistently resulted in 
infection, with virus appearing first in the caudal 
segments of the spinal cord with rostral spread to 
the brain.6 The gastrointestinal autonomic 
nervous system was not evaluated in that study, 
but in natural infection, gastrointestinal signs, 
attributable to ganglioneuritis of the autonomic 

Ventriculus macaw: Moderate numbers of lymphocytes infiltrates autonomic nerves, separating nerve fibers. Nerve cell bodies are 
dark and contracted, and there is mild neural edema. (HE, 500X) 



nervous system, typically precede the 
development of signs of encephalomyelitis.  
 
Clinical signs of PDD3 include regurgitation and 
weight loss, which were reported in this macaw. 
Infected birds can carry the bornavirus 
asymptomatically and shed it intermittently in 
feces and urates. Clinical signs develop as the 
bird mounts an immune response to the virus. The 
lymphoplasmacytic inflammation causes 
progressive destruction of peripheral nerves, 
ganglia, spinal cord, and brain. Disease 
progression can be slow or rapid. 
 
Contributing Institution: 
Purdue University 
Animal Disease Diagnostic Laboratory: 
http://www.addl.purdue.edu/ 
 
Department of Comparative Pathobiology: 
https://vet.purdue.edu/cpb/ 
 
JPC diagnosis: 
Ventriculus: Ganglioneuritis and leiomyositis, 
lymphoplasmacytic, multifocal, moderate, with 
neuronal necrosis and myofiber atrophy. 
 
 

JPC comment: 
Currently, there are 15 enumerated avian 
bornavirus (ABV) genotypes that make up six 
viral species, which include psittaciform 
bornavirus (PaBV) 1, 2, and 47, passeriform 
bornavirus-1, passeriform bornaavirus-2, and 
waterbird bornavirus 1. Within these species are 
often several strains specific to different host bird 
species. Shedding of the virus is intermittent, but 
PCR testing of urine, feces, and cloacal swaps are 
most likely to contain ABV RNA. However, a 
negative result does not rule out infection.4 
 
There are a number of other conditions that may 
result in similar clinical signs as ABV, some of 
which include gastrointestinal parasites, tumors, 
papillomas, granulomas, foreign bodies, or heavy 
metal toxicity (particularly lead).4 
 
If available, immunohistochemistry (IHC) is a 
useful modality to evaluate tissue for ABV 
infection. Anti-ABV antigen is most often 
located in the nucleus of affected cells, such as 
ganglia, brain, spinal cord, adrenal glands, 
pancreas, kidneys, anterior gastrointestinal tract, 
heart, testes, ovaries, and thyroid glands.3,7 
Investigation into lymphoplasmacytic infiltration 
of Purkinje fibers, epicardium, myocardium, 

Ventriculus, macaw: In addition to nerve fibers, infiltration of smooth muscle bundles by lymphocytes and plasma cells results 
in focal myofiber necrosis and atrophy. (HE, 500X) 



endocardium, and great vessels of naturally and 
experimentally infected birds with PaBV was 
closely associated with epicardial 
ganglioneuritis. In many cases, affected cells 
were immunolabeled with anti-PaBV 
antibodies.1,7 
 
Avian bornaviruses share characteristics with 
their mammalian counterparts, including a well-
established correlation between the onset of 
neurologic signs and the presence of CD3+ T 
lymphocytes in the brain. Beyond the lesions 
noted in the central nervous system, 
inflammatory infiltrates are most often composed 
of lymphocytes, macrophages, and variable 
numbers of plasma cells, suggesting an important 
link between clinical disease and the adaptive 
immune system. Avian bornavirus also appears to 
inhibit type 1 IFN signaling, as well as trim viral 
genomic 5'-phosphates to evade recognition by 
RIG-1 receptors. Current antiviral therapies are 
working to leverage these mechanisms.7 

 

During case discussion, one pathologist 
experienced with avian pathology opined that the 
inflammation in smooth muscle in this case may 
not represent true leiomyositis per se, but 
inflammation extending along neuronal axons as 
they traverse the adjacent smooth muscle. 
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1. Which of the following is true for RHDV-2 infection in rabbits? 
a. Necrosis is most prominent in the centrilobular area of the hepatic lobule 
b. It affects kits, unlike RHDV-1. 
c. Calcification of hepatocytes is seen in infected rabbits, but not infected hares. 
d. Spleens are contracted and pale in affected rabbits. 

 
2. Which of the following genes is mutated in equine polysaccharide storage myopathy? 

a. Glycogen branching enzyme 
b. Glycogen synthase 
c. Nutella storage enzyme 
d. Glucogen-6-phosphatase 

 
3. The activity of which of the following organelles is decreased in humans and horses with 

glycogen storage diseases? 
a. Lysosomes 
b. Smooth endoplasmic reticulum 
c. Mitochondria 
d. Ribosomes 

 
4. Yeast forms of Cryptococcus which are double in size of the normal 4-6um cells are known as? 

a. Giant cells 
b. Hero cells 
c. Titan cells 
d. Bubba cells 

 
5. Psittacine proventricular dilation syndrome is caused by avian _______? 

       A.  Astrovirus 
       B.  Birnavirus 
       C.  Bornavirus 
       D.  Herpesvirus 

 

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 2020-2021 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 1: B-5125-19 (4156736-00) 
 
Signalment: 
3-year-old, gender unknown, domestic bovine, 
Bos taurus 
 
History: 
The animal was dyspneic and sent to slaughter. 
The head and lungs, which appeared abnormal, 
were collected at the abattoir and submitted to our 
diagnostic lab for further examination. 
 
Gross Pathology: 
The oral mucosa and soft tissues covering most 
of the hard and soft palate, extending from the 

rostral maxilla into the pharynx, are extensively 
ulcerated and markedly thickened by a 2-3 cm 
thick layer of yellow-tan, solid, slightly firm, 
homogenous tissue. This tissue often abuts the 
underlying maxillary bone but does not invade it. 
Small amounts of cloudy, tan exudate could be 
expressed from this tissue. Numerous, often 
coalescing, nodular proliferations of similar 
tissue, ranging in size from 2-6 cm in greatest 
diameter are also noted in the buccal mucosa 
(sections submitted for your examination) and 
have effaced retropharyngeal and submandibular 
lymph nodes. Many (> 100) similar, 2-4 cm in 
greatest diameter, nodules are scattered 
throughout both the right and left lung lobes. 
 
Laboratory results: 
Aerobic culture of samples of affected oral 
mucosa isolated a heavy growth of Actinobacillus 
lignieresii. 
 
Microscopic description: 
The buccal submucosa is raised and contains 
densely cellular, nodular aggregates of 
neutrophils and numerous epithelioid 
macrophages intermingled with fewer plasma 
cells and lymphocytes. Scattered within 
inflammatory infiltrates are numerous small 
clusters of fine, gram negative, coccobacilli 
which are surrounded by a dense, sometimes 
undulating layer of hypereosinophilic material 
composed of tiny, outwardly radiating, blunt, 

Oral cavity, ox. View of the hard palate and adjacent 
maxillary gingiva which are covered and slightly raised by a 
layer of firm, tissue. The overlying mucosa is extensively 
ulcerated and red. (Photo courtesy of: Atlantic Veterinary 
College, University of Prince Edward Island; 
www.upei.ca/avc) 



club-like projections (consistent with Splendore-
Hoeppli material). The surrounding and deeper 
submucosa is moderately expanded with large 
amounts of dense, mature fibrous tissue 
containing frequent scattered small dense 
aggregates of lymphocytes and plasma cells. 
Sections of the regional lymph nodes are largely 
effaced by similar nodular pyogranulomatous 
aggregates. The nodules noted in the lung are 
similar in appearance. 
 
Contributor’s morphologic diagnosis: 
Oral mucosa: Severe, nodular, 
pyogranulomatous, stomatitis with intralesional 
gram negative, coccobacilli surrounded by 
Splendore-Hoeppli material (“club colonies” or 
“sulfur granules”) 
 
Contributor’s comment: 
The gross and microscopic appearance of this 
oral lesion is compatible with a severe 
presentation of oral actinobacillosis (often 
referred to as “wooden tongue”) due to infection 
with Actinobacillus lignieresii. This gram-
negative bacterium is part of the normal oral and 
rumen flora in cattle and infections have been 
reported in both beef and dairy herds. Trauma to 
the glossal and/or oral mucosa, often attributed to 
the ingestion of rough plants/forages or teeth 
abrasions, is thought the primary route of 

bacterial infection in most affected animals. The 
most common or “typical” presentation of 
actinobacillosis in cattle is due to bacterial 
colonization of glossal, oral and/or peri-oral soft 
tissues resulting in dense foci of 
pyogranulomatous inflammation or abscesses in 
which are embedded numerous small dense 
aggregates of gram-negative bacteria. Bacterial 
colonies are surrounded by a dense, rim of 
hypereosinophilic, material consistent with what 
has been termed Splendore-Hoeppli material. The 
latter consists of a combination of immune 
complexes, tissue debris and fibrin and these 
bacterial aggregates have been referred to as 
“club colonies” or “sulfur” granules. As in this 
case, the surrounding soft tissues are often 
expanded and replaced by marked fibrosis and 
granulation tissue, which, when involving the 
tongue, gives it a very firm, immobile, “wooden” 
appearance .2,8,10 
 
Spread of Actinobacillus lignieresii infection 
within soft tissues via lymphatics commonly 
results in “atypical” forms of the disease 
characterized by pyogranulomatous 
inflammation involving regional parotid, 
retropharyngeal, submandibular, and 
occasionally, more distant lymph nodes. 
Infection may extend into the overlying skin 
which becomes ulcerated and forms draining 
lesions. Cutaneous, esophageal, lung, and 
peritoneal pyogranulomas and lesions within the 
walls of the forestomach, have also rarely been 
reported in atypical forms of A. lignieresii 
infection, with and without concurrent, oral 
lesions.8,9 Hematogenous spread is also likely 
involved in some cases of disseminated infection. 
Stress associated with transportation of young 
cattle was suspected in be a contributing factor in 
the development of atypical infection in one 
report.4 Outbreaks of the disease in cattle have 
been reported in South America that could not be 
related to the type of forage fed. Previous viral 
disease (ie. foot-and-mouth disease) resulting in 
oral lesions, stress and possibly some degree of 
immunocompromise was suspected to be a factor 
in the increased incidence of actinobacillosis 
noted.2 
 
In this case, oral lesions were very severe, 
involving much of the oral mucosa. Infection was 

Oral mucosa, ox. The gingival mucosa is elevated by 
exophytic inflammatory mass. There is another well-
delineated focus of granulomatous inflammation within the 
submucosa, and numerous lymphoid aggregates. (HE, 5X) 



also well established in numerous 
retropharyngeal, parotid and submandibular 
lymph nodes and myriad embolic pyogranulomas 
were present throughout the lung. Grossly, these 
lesions resembled a neoplastic process (such as 
lymphoma). An underlying cause of such 
extensive and widespread infection in this case 
was not identified, but only the head and lungs 
had been submitted for examination. The dyspnea 
noted was largely attributed to stenosis of the 
pharynx due to marked retropharyngeal and 
pharyngeal lymph node enlargement. 
 
The main differential diagnosis for this oral 
lesion would be Actinomyces bovis infection. The 
latter is a gram-positive bacteria that also induces 
oral pyogranulomatous inflammation. This 
organism typically also invades the underlying 
bone and causes areas of chronic osteomyelitis 
(“lumpy jaw” or actinomycosis), findings which 
were not present in this case. Nocardia sp. 
infection may also produce similar lesions.2 
 
Caffarena, et al2 indicated that Actinobacillus sp. 
infection of lymph nodes of the head of cattle in 
South America is a relatively common finding in 
abattoirs that grossly may be mistaken for 
tuberculosis. Microscopic evaluation, cytologic 
evaluation of exudates, and/or ancillary bacterial 

testing would be required to differentiate these 
conditions. 
 
Although rare, A. lignieresii infection is 
potentially zoonotic. In humans, both acute fatal 
systemic and chronic localized infections have 
been reported.6,9 
 
Contributing Institution: 
Atlantic Veterinary College 
University of Prince Edward Island 
www.upei.ca/avc 
 
 
 

Oral mucosa, ox. Poorly formed, coalescing pyogranulomas are centered basophilic colonies of 1-2um coccobacilli enmeshed in 
brightly eosinophilic radiating Splendore-Hoeppli material. (HE, 400X) 

Oral mucosa, ox. There are tertiary lymphoid structures 
(lymphoid aggregates with nodal attributes) in the 
submucosa adjacent to a large pyogranuloma (lower right). 
(HE 41X) 



JPC diagnosis: 
Oral mucosa: Stomatitis, pyogranulomatous, 
multifocal to coalescing, chronic, severe, with 
fibrosis, and colonies of coccobacilli surrounded 
by Splendore-Hoeppli material. 
 
JPC comment: 
The moderator reviewed a variety of pathogens 
most often associated with Splendore-Hoeppli 
material, which included Actinobacillus 
lingnieresii, Actinomyces bovis, Nocardia spp, 
and Staphylococcus aureus associated with 
botryomycosis. The use of gram stains and acid 
fast stains are most helpful for differentiating 
between these bacteria. 
 
The contributor provides a succinct summary of 
this disease of ruminants, and rarely dogs, horses, 
and rats. Actinobacillus lignieresii is a member of 
the family Pasteurellaceae, and is closely related 
to A. pleuropneumoniae, A. suis, and A. equuli. 
While Actinobacillus spp are often associated 
with RTX-type toxins, A. lignieresii contains the 
genes that code for Apx, but lacks a functioning 
promoter, and so does not elaborate this class of 
toxin. However, they also produce urease, which 
releases ammonia from urea. Higher levels of 
ammonia are chemotactic and activating for 
neutrophils and macrophages, inhibit 
phagolysosome fusion, and the increased pH 
within phagolysosomes reduces the effectiveness 
of various acid hydrolases. This bacterium also 
has a capsule that is antiphagocytic and interferes 
with the membrane attack complex of the 
complement system, in addition to the 
lipopolysaccharide (LPS) cell wall.3 
 

As noted by the contributor, the Splendore-
Hoeppli phenomenon is thought to be an 
aggregation of protein deposits from antigen-
antibody reaction and debris from inflammatory 
cells. It tends to be arranged in layers of varying 
thickness but uniform appearance, conferring the 
radiating attribute to the projecting material.5 
While Splendore-Hoeppli material is most often 
visualized in histologic sections, it can also be 
observed in cytologic specimens. In a case of 
human facial actinomycosis, aspirate smears 
showed round to ovoid 100-200 µm three-
dimensional structures with ill-defined, fuzzy 
borders. These structures were mats of 
filamentous Actinomyces spp bacteria intermixed 
with elongated rectangular, rhomboid to rounded, 
dense, glassy dark green-blue (Diff-Quik) or 
intensely orange-pink (Papanicoloau stain) 
crystals, measuring 10-40 x 6-12 µm and found 
singly or in clusters.1 
 
One of the people who first described this host 
response to antigen was Reinhard Hoeppli, a 
Swiss-German physician who was a 
parasitologist by training. He had trained at the 
Institute of Pathology at Kiel University and then 
joined the Institut fur Sciffs- und Tropenkraheiten 
(Institute for Maritime and Tropical Disease) in 
1921 as an assistant to Fredrich Fulleborn, the 
head of the helminthology department. Hoeppli's 
description of the host response to schistosome 
eggs embedded in the tissue of a rabbit was the 
first written in English and was subsequently 
found to be quite similar to the description of the 
host reaction elicited by Sporothrix schenckii by 
Splendore in 1908. He eventually renounced his 
German citizenship and asserted his Swiss 
citizenship by right of descent. During World 
War II, he was named the Swiss Honorary Consul 
in Beijing, which was under Japanese control. He 
ultimately became acquainted with an 
Englishman, Sir Edmond Backhouse, an 
eccentric but charming conversationalist. 
Hoeppli encouraged Backhouse to record his 
bizarre and scandalous recollections into two 
manuscripts, which Hoeppli held until his death 
in 1973. Unfortunately for Hoeppli, his estate 
ultimately sent the manuscripts to an Oxford 
historian, Hugh Trevor-Roper, who found 
Backhouse to be a forger, charlatan, and fantasist 
with the documents holding no historical value. 

Oral mucosa. The submucosa is markedly fibrotic, with 
entrapment and atrophy of skeletal muscle fibers. (HE, 
182X) 



In the process of dismantling the story of Sir 
Edmond Backhouse, Trevor-Roper was acerbic 
and disparaging toward Hoeppli, ultimately 
tarnishing the reputation of a fascinating 
scientist.7 
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CASE 2: N449-19B (4154915-00) 
 
Signalment: 
11-week-old, male, Hungarian Vizsla, canine 
 
History: 
Died one day following acute onset pyrexia, 
vomiting, diarrhoea and marked jaundice 
(icterus). An abdominal scan revealed free-fluid 
in the peritoneal cavity and bilaterally in the peri-
renal regions. The puppy had been given its first 
vaccination against leptospirosis (L. 
canicola and L. icterohaemorrhagiae) and 
canine parvovirus-2, 2 weeks previously. 
 
Gross Pathology: 
Weighed 8.2kg. In good body condition with 
diffusely yellow mucous membranes, serosal 
surfaces and sclera. 20ml and 5ml of yellow 
translucent fluid found in thoracic and pericardial 
cavities, respectively. Bilaterally the lungs are 
wet with dark-red mottling. Diffuse yellow 
staining of pulmonary arterial and aortic 
endothelia. 30-40ml of yellow translucent fluid in 
peritoneal cavity. No food in stomach. Gelatinous 
yellow mucus in small intestinal lumen. Liver 
diffusely soft featuring pale yellow regions and 
has a wet glistening capsular surface. Feces scant, 
mucoid and yellow. Splenomegaly with 
prominent white pulp on cut section. Sludge-like 

Presentation, dog. The cadaver is in good flesh with diffuse 
icterus. Bilaterally the lungs are wet with dark-red mottling 
and the liver is flaccid. (Photo courtesy of: Veterinary 
Sciences Centre, School of Veterinary Medicine, University 
College Dublin, Belfield, Dublin 4, 
Irelandhttp://www.ucd.ie/vetmed/) 



dark green bile distends the gall bladder. Kidneys 
diffusely pale and tinged yellow with 
petechiation of capsule. Very small quantity of 
normal-appearing urine in bladder. 
 
Laboratory results: 
Raised alkaline phosphatase, alanine 
transaminase, total bilirubin and bile acids. 
 
Pathogenic Leptospira sp. confirmed by 
quantitative PCR using primers detecting 
lipoprotein LipL32 and Taqman probe. Further 
characterized as L. icterohaemorrhagiae by PCR 
using SYBR green probe to identify species by 
targeting secY. 
 
Microscopic description: 
Liver: diffuse hepatocyte dissociation (loss of 
inter-cellular connectivity) with approximately 1-
2 hepatocytes per HPF exhibiting mitotic activity 

(hepatic proliferation). Individualized 
hepatocytes have a more rounded outline and 
often feature a pyknotic nucleus. Sinusoidal 
channels are multifocally congested with 
widespread disruption of their endothelial lining. 
Diffusely Kupffer cells are prominent (activated). 
Occasional isolated both necrotic and binucleate 
hepatocytes noted.  
 
Hyperplasia of periarteriolar lymphoid sheaths 
noted in spleen along with occasional necrosis of 
lymphocytes. Glomerular congestion with 
occasional proteinaceous cast in collecting ducts. 
Diffuse protein-rich pulmonary oedema with 
attendant diffuse congestion of alveolar walls and 
abundant macrophages in alveolar lumens.  
 
Contributor’s morphologic diagnosis: 
Hepatocyte dissociation, diffuse, marked with 
occasional individual cell necrosis and attempted 
regeneration 
 
Contributor’s comment: 
A diagnosis of leptospirosis was reached based 
on: signalment, clinical signs, characteristic, 
microscopically visible hepatic lesions and 
positive PCR. Acute fatal leptospirosis in dogs 
presents as fulminant septicemia/hepatic disease 
largely affecting young animals.3,9 The often-
subtle hepatic changes evident microscopically 
may present a diagnostic challenge and in many 
cases the puppy dies prior to the establishment of 
detectable antibody. In the current case, it would 
appear that the initial step in the puppy’s 
vaccination protocol did not provide sufficient 
immunological protection.  

Aorta, dog. There is prominent yellow discoloration of the 
aorta. (Photo courtesy of: Veterinary Sciences Centre, 
School of Veterinary Medicine, University College Dublin, 
Belfield, Dublin 4, Irelandhttp://www.ucd.ie/vetmed/) 

Spleen, dog. There is splenomegaly, marked congestion, and 
prominent white pulp hyperplasia. (Photo courtesy of: 
Veterinary Sciences Centre, School of Veterinary Medicine, 
University College Dublin, Belfield, Dublin 4, 
Irelandhttp://www.ucd.ie/vetmed/) 



 

Canine leptospirosis may occur as peracute, 
acute, subacute, or chronic disease.3,9 The 
peracute/acute form as described here typically 
results from infection with serovar 
Icterohaemorrhagiae, although clinical disease 
caused by this serovar (and serovar Canicola) are 
now relatively rare due to widespread 
vaccination.10,11 Widespread hemorrhage may be 
a gross postmortem feature: mucosal 
hemorrhages, hematemesis, epistaxis, and 
melena.3,9 The marked jaundice in this case 
occurred in the absence of either hemolysis or 
post-hepatic biliary obstruction. The 
microscopically visible widespread hepatocyte 
dissociation described is characteristic and is 
considered the result of leptospires disrupting 
inter-cellular tight junctions between 
hepatocytes. In a hamster infection model 
leptospires infiltrated the space of Disse, 
migrated between hepatocytes, detached the 
intercellular junctions and disrupted bile 
canaliculi: this disruption coincided with the 
elevation of conjugated bilirubin, aspartate 
transaminase and alkaline phosphatase levels in 
serum.7 Leptospires have a characteristic spiral 
shape and corkscrew motion, features considered 
to facilitate tissue invasion and their ability to 
bore through highly viscous gel-like media, such 
as connective tissues, which inhibit the motility 
of most other bacteria. Bacterial-shaped grooves 
observed on hepatocyte surfaces are thought to 
reflect this boring activity which ultimately result 

in cell from cell detachment.1 Thus, leptospires 
are considered invasive but not facultative 
intracellular pathogens: they can invade but also 
rapidly exit cells so as to avoid the attention of 
host leukocytes. How they achieve this high-
speed cell translocation remains to be 
ellucidated.1 Given a key function of inter-
hepatocyte tight junctions is to seal bile 
canaliculi, their breakdown results in disruption 
to canalicular structure and thus to bile flow out 
of the liver: intra-hepatic cholestasis is the 
consequence. This increased paracellular 
permeability causes regurgitation of bile 
constituents into plasma and the attendant 
hyperbilirubinemia.2,7 

 
The fragility of leptospires means they are most 
effectively transmitted by direct contact. 
Following penetration of mucosal surfaces or 
water-softened skin or ingestion of contaminated 
water, organisms enter the host bloodstream 
where leptospiremia can last for up to 7 days.4,10 
This persistent leptospiremia would account for 
the splenic white pulp hyperplasia/activation in 
this case. In the bloodstream, leptospires evade 
the host immune response by binding inhibitors 
of complement on their surface.10 They invade 
and multiply particularly well in organs including 
liver, kidneys, lungs, placenta, and udder. 
Agglutinating and opsonizing antibody develops 
at approximately 6 days and clears the organism 
from most organs except immunologically 
privileged sites such as the kidney and eye.3 
 
Classically, hosts for leptospirosis have been 
subdivided into ‘primary/maintenance’ and 

Liver, dog. Several sections of liver are submitted for 
examination. (HE, 5X) 

Liver, dog. There is diffuse loss of plate architecture, and 
hepatocytes are disassociated. While there is minimal 
evidence of degeneration within the cytoplasm, nuclei vary 
from pyknotic to rrhectic, indicated hepatocellular necrosis. 
Kupffer cells are activated, as evidenced by prominent 
elliptical nuclei. (HE, 400X) 



‘incidental/accidental’.3 Dogs are the primary 
host for Leptospira Canicola and incidental hosts 
for Leptospira Icterohaemorrhagiae where the 
primary host is the rat. In dogs that survive acute 
leptospirosis, the burden of disease shifts from 
the liver to the kidneys.3 This is typical of 
infections caused by serovar Canicola and by 
‘incidental’ serovars infecting the dog such as 
Grippotyphosa and Pomona. Post-leptospiremic 
localization of organisms in the kidneys is 
associated with interstitial nephritis. The 
organism replicates and persists in the convoluted 
tubular epithelium, even in the presence of 
neutralizing antibodies. Acute impairment of 
renal function may result from decreased 
glomerular filtration caused by swelling that 
impairs renal perfusion, along with tubular 
epithelial swelling and necrosis.3 Renal function 
in some dogs that survive acute infections may 
return to normal within several weeks, or chronic 
renal failure may develop. Typical subacute renal 
changes consist of moderate to severe 
lymphoplasmacytic and neutrophilic 
tubulointerstitial nephritis, with tubular 
degeneration, necrosis, and mineralization. In 
chronic cases interstitial fibrosis and tubular 
atrophy dominate.3 Dogs that recover can excrete 
organisms in their urine intermittently for several 
months. The WHO consider leptospirosis a 
neglected but significant zoonosis with global 
reach.4,7,10,12 
 
Dogs with leptospirosis may present with 
respiratory signs. A similar leptospiral pulmonary 
hemorrhage syndrome (LPHS) is recognized in 
human leptospirosis with mortality rates of 
greater than 50%. The pathogenesis of this 
syndrome remains to be elucidated but would 
appear to be mediated by systemic inflammatory 
and/or immune mechanisms.10 
 
Widespread vaccination of dogs against serovars 
Canicola and Icterohaemorrhagiae over many 
decades has resulted in epidemiological shifts to 
infection with serovars such as Grippotyphosa 
and Pomona. This has necessitated the 
modification of vaccines to provide protection 
against these and possibly other serovars 
depending on geographical location.10,11  
 

The taxonomy of Leptospira remains complex 
and is based on: (i) serovar - reflecting 
differences in response of host antibody to the 
organism’s lipopolysaccharide structure; (ii) 
serogroup - groups of antigenically related 
serovars; and (iii) genomospecies -organisms 
grouped based on genomic similarity.4,11 
 
Contributing Institution: 
Veterinary Sciences Centre 
School of Veterinary Medicine 
University College Dublin 
Belfield, Dublin 4, Ireland 
http://www.ucd.ie/vetmed/ 
 
JPC diagnosis: 
Liver: Hepatocellular dissociation, diffuse, 
severe, with random individualized 
hepatocellular degeneration and necrosis. 
 
JPC comment: 
The contributor provides an excellent summary 
of this interesting disease. This case may be 
consistent with previous reports of chronic 
hepatitis caused by Leptospira spp, without renal 
involvement, in kenneled Foxhounds and a 
colony of Beagles in England, and a second study 
of 10 dogs of a variety of breeds. The case 
selection criteria included dogs with 
granulomatous chronic hepatitis, a definition 
provided by the World Small Animal Veterinary 
Association (WSAVA). These dogs were 
asymptomatic but had elevated hepatocellular 
enzymes (ALT) and cholestatic enzymes (ALP), 
and many had elevated bilirubin, bile acids, and 
cholesterol. Using fluorescence in situ 
hybridization (FISH) on liver biopsies, clusters of 
leptospires were found in 8/10 dogs, with PCR 
confirming bacteria as L. interrogans or L. 
kirschneri. Of these 10 dogs studied, 9 had 
previously been vaccinated against Leptospirosis, 
highlighting the potential for infection by 
serovars not present in vaccines.5 
 
Because this is a zoonotic disease, it is prudent to 
understand the prevalence and incidence of 
Leptospirosis in wild populations of animals, in 
order to more effectively evaluate the domestic-
wild animal interface as a potential risk factor for 
infection. A recent study investigated 98 animals 
(domestic and wild) found in areas adjacent to the 



Barcelona Metropolitan Area in Spain. While no 
statistically significant differences were observed 
between groups comprised of wild carnivores 
versus domestic carnivores, or between wild 
carnivores versus free-roaming cats, there was an 
overall prevalence of approximately 8.5%. This 
result corroborates previously published results 
in other studies, where prevalence varied based 
on infection host, geography, and proximity to 
water.6 
 
Reports of Leptospirosis in cats has been 
infrequently published, though the prevalence of 
antileptospiral antibodies varies from 4% to 
33.3%, geography dependent. With the 
consumption of infected rodent prey being 
implicated in transmission, cats spending time 
outdoors are at an increased risk of infection. 
Additionally, cats can be asymptomatic carriers, 
and continue to shed Leptospira in their urine, 
contaminating the environment and potentially 
increasing risk to human populations. The most 
frequently isolated serovars in infected cats in the 
United States include Australis, Autumnalis, 
Grippotyphosa, and Pomona. Interestingly, the 
serovars most often reported in clinical cases of 
acute leptospirosis include Autumnalis, Australis, 
Icterohaemorrhagiae, Grippotyphosa, Pomona, 
and Sejroe. The incomplete overlap between 
commonly detected versus clinical disease 
illustrates our incomplete understanding of this 
bacterium, and which serovars may cause only 
incidental infections. Cats are not currently 
vaccinated against Leptospiral infection, but an 
effective vaccine would be multivalent to cover 
many serovars.8 
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CASE 3: N-361/19 (4156029-00) 
 
Signalment: 
Adult, female, striped dolphin (Stenella 
coeruleoalba) 
 
History: 
The dolphin was found swimming in circles at 
100 meters from the seaside, in Tamariu, Girona 
(Catalonia). The external examination revealed 
marked dehydration and increased heart and 
breathing rates. One hour later, the dolphin 
started to show seizures, and due to the poor 
prognosis, she was humanly euthanized and 



submitted for a complete post-mortem 
examination. 
 
Gross Pathology: 
The dolphin (length: 175 cm, weight: 56.5 Kg) 
was well preserved and had a moderate loss of 
body condition. External parasites were not 
present. No ingesta was found in the forestomach, 
and the secretory stomach was empty. No other 
relevant gross lesions were found. Common 
endoparasites of the species, such as 
Phyllobothrium delphini and Monorygma 
grimaldii larval forms, were found in low 
numbers. 
 
Laboratory results: 

o RT-PCR Cetacean Morbillivirus (CeMV):  
- CNS (brain cortex) positive. 
- Lymph-node, lung and spleen: 

negative.  
 

o Immunohistochemistry (IHC) CeMV:  
- brain cortex: positive. 
- Lung, lymph node, spleen: negative.  

 
Microscopic description: 
With a patchy pattern throughout the cerebral 
cortex, and specially the left hemisphere, there is 
a severe chronic inflammatory process mainly 
located in the grey matter. Due to this uneven 
distribution, the microscopic lesions described 
might not be present in all the slides. 
 
The affected areas of the grey matter show a mild 
to moderated distortion of the normal texture and 

architecture of the neuropil due to vacuolization 
(spongiosis) and loss of neuronal bodies, which 
are replaced by aggregates of activated astrocytes 
and microglia (glial foci). Numerous of the 
remaining neurons show margination of the Nissl 
granules to the periphery (central chromatolysis) 
or different features of degeneration and necrosis 
such as a shrunken and hypereosinophilic 
cytoplasm, pyknosis and loss of the cell nucleus. 
These neurons are surrounded by activated 
phagocyting microglia (neuronophagy) or glial 
cells (satellitosis). Within the nucleus of many of 
these neurons, there is a single round, 2 to 7 
micrometers in diameter, pale eosinophilic viral 
inclusion. 
 
Multifocally, the meninge and Virchow-Robin 
spaces are expanded by up to 10 cells thick 
mononuclear perivascular cuffing composed of 
lymphocytes, plasma cells and occasional 
histiocytes. There is also moderate perivascular 
edema which extends towards the adjacent 
neuropil. 
 
Multifocal areas of spongiosis, astrocytosis and 
astrogliosis can be seen in the white matter. 
 
Contributor’s morphologic diagnosis: 
Brain (left cortex). Multifocal, chronic, severe 
mononuclear (lymphoplasmacytic, histiocytic) 
meningoencephalitis with nuclear viral 
inclusions.  
 
Contributor’s comment: 
Cetacean morbillivirus (CeMV) was first 
reported in 1990 in the Western Mediterranean 
causing a mass mortality in striped dolphins.4 

Cerebrum, striped dolphin. A single section of cerebrum is 
presented for examination. There are no apparent lesions at 
subgross magnification. (HE, 5X) 

Cerebrum, striped dolphin. There are aggregates of 
numerous lymphocytes and plasma cells, and fewer 
macrophages within the meninges (left) and extending 
downward along Virchow-Robins spaces. (HE, 94X) 



There are at least three well characterized strains 
distributed worldwide, including the porpoise 
morbillivirus (PMV), dolphin morbillivirus 
(DMV) and pilot whale morbillivirus (PWMV). 
Recently, new strains have been also described in 
a Longman’s beaked whale (Indopacetus 
pacificus) from Hawaii, in a Guiana dolphin 
(Sotalia guianensis) from Brazil, and in Indo-
Pacific bottlenose dolphins (Tursiops aduncus) 
from Western Australia.1 CeMV is a relevant 
cause of mortality cetaceans, causing pneumonia, 
lymphoid depletion, and encephalitis, as well as 
immunosuppression and facilitation of secondary 
opportunistic infections.5 Morbillivirus 
transmission is thought to occur mainly by 
inhalation of aerosolized virus shed by infected 
animals, but transplacental transmission has also 
been reported. Moreover, transmission between 
groups is facilitated due to the migratory 
behavior. 
 
After infection by CeMV, there is an initial 
replication in lymphoid tissues and a subsequent 
systemic dissemination, reaching other cell types, 
mainly epithelia. As a result of lymphoid 
depletion, there is a severe immunosuppression, 
hence secondary infections are a common finding 
in CeMV-affected dolphins. Although CeMV can 
be pancytopathic, the main damaged cells are 
those of the respiratory, lymphoid and central 
nervous system.13 
 
In the Mediterranean Sea, CeMV has caused two 
well-documented mass mortalities in 1990–1992 
and 2006–2008, mainly in striped dolphins, but 
also in long finned pilot whales (Globicephala 
melas).6,9 During the interepizootic period, all the 
necropsied animals in the Catalonian coast were 

immunohistochemically negative for CeMV, 
hence it was assumed that CeMV was not 
circulating in that period.11 
 
CeMV circulation and death of dolphins also 
occurred in 2012 and 2016-2017 in the same area, 
although apparently with a much lower mortality. 
In the four years after the two main epizootic 
waves, cases with exclusive affection of the 
central nervous system were observed and were 
referred as chronic CNS infections.12 These cases 
were interpreted as reactivation of a chronic 
infection, similarly to subacute sclerosing 
panencephalitis (SSPE) in humans or old dog 
encephalitis (ODE) in dogs, but a definitive proof 
is lacking. Similar encephalitis cases have been 
observed after a recirculation of CeMV in striped 
dolphins in the period 2016-2017. The submitted 
case is one of these cases. What is peculiar of 
these encephalitis cases of is the absence of 
lesions and CeMV antigen or its genomic 
material outside the CNS. Viral antigen, 
demonstrated with IHC against the N-protein 
with a MoAb raised against CDV (VMRD) 
shows accumulation of antigen in cell body and 
processes of neurons, often without evidence of 
clear cytopathic effect. 
 
Summarizing, different forms of CeMV infection 
may be observed:1 
 

1. Acute systemic disease 
Characterized by severe multifocal to 
diffuse interstitial pneumonia with 
necrosis of bronchiolar epithelium, 
formation of large syncytia and nuclear 
viral inclusions in syncytia and epithelial 

Cerebrum, striped dolphin. Scattered neurons contain a 
single large eosinophilic viral inclusion which may be 
surrounded by a clear halo or fill the nucleus, peripheralizing 
chromatin. (HE, 679X) 

Cerebrum, striped dolphin. There is spongiosis of the white 
matter, numerous dilated myelin sheaths, swollen axons 
(arrows) and numerous lymphocytes and plasma cells 
within Virchow-Robins’ spaces. (HE, 242X) 



cells of the lung. There is also diffuse 
lymphoid depletion with germinal center 
necrosis, with syncytial cells. Multifocal 
non-suppurative encephalitis may also be 
present. In such cases, there is a strong 
immunohistochemical (IHC) staining in 
the organs affected.  

 
2. Sub-acute systemic disease 

Animals that survive the acute infection 
and present secondary infections such as 
aspergillosis, Toxoplasma gondii, or 
herpesviruses. The lesions of the acute 
form may not be present or can be 
obscured by these secondary processes. 
Both IHC and RT-PCR are useful for 
confirmation of the diagnosis.  

 
3. Chronic, localized encephalitis 

This form is hypothesized to be the result 
of clearing the initial systemic infection 
and of reactivation restricted to the CNS, 
with absence of lesions and antigen 
outside of this organ. In these cases, there 
are occasional nuclear viral inclusion and 
no syncytia. Besides, there is a strong 
IHC staining of the neuronal processes 
with a patchy pattern, mixing areas of 
high-antigen content with others free of 
antigen. A cell-to-cell spread of infection 
is suggested for these cases, rather than a 
multifocal infection indicative of blood-
borne infection. This form shares 
multiple characteristics with subacute 
sclerosing panencephalitis (SSPE) and 
old dog encephalitis (ODE), which are 
chronic latent localized infections 
affecting humans and dogs. The most 
prominent lesions are perivascular 
cuffing, diffuse gliosis and glial nodules 
with neuronophagia. Demyelination is 
less prominent in dolphins compared 
with ODE. In these cases, IHC and RT-
PCR for CeMV are also helpful tools to 
reach a final diagnosis.  

 
4. Subclinical infection 

The existence of a subclinical CeMV 
infection in cetaceans has been suggested 
but remains speculative. These 

subclinical infections would help to 
disseminate the virus to long distances.  

 
The present case is a florid example of a chronic 
localized encephalitis, with many evident 
eosinophilic nuclear viral inclusions. The 
multifocal pattern is one of the characteristics of 
this stage, as well as the strong IHC staining of 
the neuronal processes also observed in this 
dolphin. As expected in such cases, no other 
lesions were found in the lymphoid and 
respiratory system. Furthermore, only the CNS 
sample resulted positive to CeMV RT-PCR and 
IHC (lung, lymph-node and spleen were 
negative).  
 
Contributing Institution: 
Veterinary Pathology Department 
Autonomous University of Barcelona 
Barcelona, Spain 
https://www.uab.cat/web/els-serveis/-servei-
diagnostic-de-patologia-veterinaria-
1297063220061.html 
 
JPC diagnosis: 
Cerebrum: Meningoencephalitis, 
lymphohistiocytic and necrotizing, multifocal to 
coalescing, moderate, with gliosis, spongiosis, 
and intracytoplasmic and intranuclear viral 
inclusions. 
 
JPC comment: 
The contributor provides a good summary of 
Cetacean morbillivirus as we understand it today. 

Cerebrum, striped dolphin. There is abundant 
immunostaining of the neuronal bodies, dendrites and 
axons as well as the nuclear viral inclusions. (anti-CeMv, 
400X) 



There was discussion about which cells contain 
the viral inclusions. Participants had a reasonable 
degree of certainty that both neurons and 
astrocytes contained viral inclusions, and that the 
perivascular lymphocytes may also have 
contained viral inclusions. 
 
Morbilliviruses use two cellular receptors, 
signaling lymphocyte activation molecule 
(SLAM), and nectin-4. Unlike nectin-4, which is 
highly conserved across species, the 
SLAM/CD150 molecule is more divergent and 
specific to different species of hosts. The 
structure of SLAM is based around 35 residues 
that allow it to bind to the viral H protein. The 35 
residues of interest are conserved between 
pinnipeds and are highly similar to the residues of 
the suborder Caniformia (dogs, otters, mink), 
suggesting a potentially large community for 
which both canine distemper virus and phocine 
distemper virus may infect. The set of 35 residues 
is more divergent in cetaceans, potentially 
suggesting an encoded H protein with broader 
binding specificity to host receptors in these 
populations.8 
 
There is evidence that this virus is capable of 
cross-species transmission, with the Dolphin 
morbillivirus (DMV) strain's ability to use both 
dolphin and seal SLAM/CD150 as host cell 
receptors. Using Bayesian phylogeographic 
analysis, CeMV is estimated to have a mutational 
rate of 2.34 x 10-4 nucleotide 
substitutions/site/year, regardless of host or 
geographic region.7 The rinderpest virus (or of 
closely related cattle origin) is believed to have 
crossed the bovine-human barrier 1000-5000 
years ago, leading to an offshoot that became the 
measles virus. A common ancestor between 
rinderpest virus and cetacean morbillivirus has 
been hypothesized, though it may be equally 
likely that CeMV originated directly from 
rinderpest virus. The ability for these viruses to 
cross species increases the likelihood that new 
morbillivirus species will continue to evolve and 
affect animals, both on land and sea.3 
 
Knowledge gaps still exist in our understanding 
of this virus and disease. While some receptor 
interactions are relatively well characterized, 
characterization of cell receptors in the central 

nervous system may help define its neurotropism. 
We also do not yet know the magnitude or 
contribution from environmental contaminants 
on the host's manifestation of disease. Toxins like 
polychlorinated biphenyls, methylmercury, 
dioxins, and others, accumulate in long lived 
marine animals as a process of bioaccumulation 
(also termed biomagnification). We do not yet 
know how predominantly Th1 response differs 
from predominately Th2 response in the host. 
Different characterization of host immune 
response is critical for the development of many 
known disease, such as AIDS in humans. 
Similarly, CeMV has been identified in newborns 
and fetuses. The host immune response is often 
operating at reduced efficiency during pregnancy, 
and we do not yet understand what effect that may 
have on the development of disease.2 
 
During the case discussion, a pathologist raised 
the possibility that this striped dolphin had a co-
infection that worsened the meningoencephalitis. 
A recent study of viral, bacterial, protozoal, and 
metazoan causes of cetacean 
meningoencephalitis, viral etiologies (CeMV, 
Herpesvirus) were the most common cause, but 
generally only resulted in minimal or mild non-
suppurative meningitis. However, the animals 
that presented with more severe cases of 
meningitis had a coinfection with Brucella sp. 
Unfortunately, a culture was not performed in this 
case.10 
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CASE 4: C008 (4153941-00) 
 
Signalment: 
6-year-old, female, Rasa Aragonesa, Ovine (Ovis 
orientalis aries) 
 
History: 
The animal was part of an experimental study that 
aimed to characterize the evolution of arthritis in 
sheep naturally infected by small ruminant 
lentiviruses (SRLV). At clinical examination, the 
animal showed bilateral asymmetric carpal 

arthritis and mild diffuse increase of respiratory 
sounds. 
 
Gross Pathology: 
At necropsy, the sheep showed body score of 2/5. 
Carpal joints were swollen and showed marked 
synovitis and moderate cartilage erosion. Lungs 
showed rubbery consistence and were diffusely 
increased in size. 
 
Laboratory results: 
The animal was seropositive to small ruminant 
lentivirus (SRLV, Elitest MVV/CAEV, Hyphen 
Biomed). Carpal joint qPCR (EXOone Maedi 
Visna – CAEV, Exopol) were performed on 
carpal swaps and the results were Ct: 35,07 and 
Ct: 32,47, respectively for each carpi (considered 
positive if Cq≤38). qPCR against Mycoplasma 
agalactiae, Chlamydia abortus, Streptococcus 
dysgalactiae, Erysipelothrix rhusiopathiae were 
negative. 
 
Microscopic description: 
Joint capsule, synovia. Diffusely expanding the 
stroma there is an inflammatory process 
associated with moderate synovial membrane 
villar proliferation. Stroma in thickened (up to 1 
cm) by abundant lymphocytes, plasma cells and 
macrophages occasionally arranged in lymphoid-
like structures and rare neutrophils admixed with 
increased numbers of plump fibroblast and 
matures collagen fibers (fibrosis) and 
proliferation of neovessels. Additionally, some 
macrophages contain abundant brown-golden 
intracytoplasmic pigment (hemosiderin) and 

Carpal joint, sheep. Two sections from the joint, to include 
the thickened joint capsule and synovium are submitted for 
examination. (HE, 5X) 



there are multifocal areas of basophilic mineral 
deposition (calcification). Stromal arteries show 
marked thickening of the tunica media with 
smooth muscle hypertrophy and reactive 
endothelium and lymphatics are dilated. 
Diffusely, synovial membrane is thickened (up to 
3 times) and show fingerprint projections towards 
the lumen lined by swollen synoviocytes with 
finely vacuolated cytoplasm (hypertrophy) that 
occasionally piles up (hyperplasia). Additionally, 
there are multifocal areas of synoviocyte loss 
(erosions and ulcers) and replacement by 
moderate amounts of fibrillary eosinophilic 
polymerized material (fibrin), occasional cellular 
debris and rare neutrophils. 
 
Contributor’s morphologic diagnosis: 
Joint capsule, synovia. Lymphoplasmacytic 
synovitis. Diffuse. Severe. Chronic. With 
synovial hypertrophy and hyperplasia and 
stromal fibrosis.  
 
Contributor’s comment: 
This is the articular form of small ruminant 
lentiviruses (SRLV), a highly prevalent chronic 
infection of sheep and goats linked to important 
deleterious effects in animal production and 
animal trade restrictions.4 

 
The SRLVs are a group of non-oncogenic 
exogenous retroviruses with marked tropism for 
the mononuclear-phagocyte system. SRLV are 
single stranded RNA viruses with high 
mutational potential.13 Indeed, four main 
genotypes (A, B, C, and E) and more than 35 
subgroups with significant antigenic 
heterogeneity have been already characterized.8 
These viruses induce chronic and persistent 
inflammation 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.9 The expression of each form as 
well as the severity of the lesion depends on the 
host immune response and the viral factors.5,11 

 
The main routes of vertical and horizontal 
transmission are via colostrum and via inhalation 
of nasal secretions, respectively.9 The virus 
infects a variety of cell types (mammary 
epithelium, fibroblast, endothelial cells, 
monocytes, choroid plexus) but its replication 
mainly occurs in mature macrophages.13 
Lentiviral infected macrophages produce 
cytokines that recruit and activate other 
leukocytes but also enhance lentiviral replication. 

Carpal joint, sheep. The joint capsule contains fibrin and necrotic debris, and there is marked inflammation within the synovial 
lining. (HE, 64X) 



Indeed, clinical signs and histopathological 
lesions are the result of the inflammatory process 
instead of 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.14 

 
The articular form, characterized by arthritis, is 
mainly caused by genotype B2 strains.7,10 It 
mainly targets carpal joint although tarsal joints 
may also become affected. Typical gross findings 
include, serosanguinous joint effusion, thickened 
joint capsule and tendon sheaths, fibrin attached 
to synovium, and hygromas (flattened, cystic, 
subcutaneous distensions over the anterior carpus 
filled with serosanguinous fluid containing 
fibrinous or gelatinous masses). In most severe 
cases, fibrillation and erosion of cartilage can be 
present. Histologically, lentiviral arthritis is 
characterized by villous synovial hyperplasia, 
subsynovial lymphoplasmacytic inflammation 
with occasional lymphoid follicle formation and 
stromal fibrosis.  
 
The respiratory form is the most common 
presentation of the disease in sheep and consists 
of progressive pneumonia with marked dyspnea 

and weight loss.2 Lungs are characterized by a 
rubbery firm texture and lack of collapse when 
the thorax is opened. Indeed, this animal 
presented with a diffuse interstitial pneumonia 
with BALT hyperplasia.  
 
The neurologic form is characterized by 
demyelinating leukoencephalomyelitis that leads 
to ataxia and profound weight loss.12 This form 
progresses faster than the respiratory one and 
usually occurs in adult sheep and goat kids (2-4 
months).  
 
The mammary form is difficult to detect and 
mainly consists of mammary gland induration, 
progressive bilateral atrophy, and milk 

Carpal joint, sheep. Higher magnification of the joint space with synovial loss, extruded fibrin and numerous mixed inflammatory 
cells within the joint space and underlying synovium. (HE, 128X) 

Carpal joint, sheep. Vessels within the joint capsule are 
surrounded by large numbers of lymphocytes and plasma 
cells. (HE, 200X) 



production loss that leads to deficient lamb 
growth.6,9 Both mammary glands are usually 
symmetrically affected. Microscopical 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 ductal 
epithelium may happen as a consequence of 
inflammation rather than direct virus effect. 
 
The main differential diagnosis for this kind of 
arthritis in the Mediterranean countries are 
Mycoplasma agalactiae, Chlamydia abortus, 
Streptococcus dysgalactiae, Erysipelothrix 
rhusiopathiae. 
 
Contributing Institution: 
Universidad de Zaragoza 
Departamento de Patología Animal 
https://patologiaanimal.unizar.es 
 
JPC diagnosis: 
Joint capsule: Synovitis, proliferative and 
lymphoplasmacytic, chronic, diffuse, marked, 
with fibrin, synovial ulceration, granulation 
tissue, and mineralization. 
 
JPC comment: 
Numerous countries have active eradication 
programs for small ruminant lentivirus (SRLV), 
including Belgium. Recent phylogenetic analysis 
of the gag-pol region of samples from sheep and 
goats of various provinces in Belgium showed 
that 13 of 14 sheep SRLV strains belonged to 
subtype A1, with 7 of 7 goat SRLV strains 
belonging to subtype B1. One sheep sample was 
found to be of the B1 subtype, illustrating the 
ability of these viruses to cross species and cause 
disease. Interestingly, analysis of the pol region 
of sheep all clustered in subtype A1, but three 
goats clustered in subtype B1, two clustered in 
subtype A1, and two samples clustered in a new 
separate cluster within genotype B. The new 
subtype has been designated subtype B5.8  
 
A robust monitoring and eradication program was 
tested in Switzerland when a flock of seropositive 
goats was imported. ELISA and western blot 
results were consistent and indicated a high 
prevalence of infection in the new animals. 

Isolation of the virus was most successful from 
the spleen, confirmed B1 subtype, and PCR 
analysis of the gag-pol and env regions revealed 
a high degree of heterogeneity within viral 
sequences, indicating multiple infections within 
single animals, and within the flock. Excellent 
infrastructure and communication allowed this 
program to succeed, in large part.3 
 
Numerous aspects of the host immune response 
have previously been investigated, including 
Toll-like receptors, antiviral proteins (APOBEC 
family, tetherin, TRI-M5alpha), and various 
cytokines, with recent research focused on 
miRNAs. A total of 212 miRNAs were identified, 
with 46 highly conserved across species. 
However, 12 novel miRNAs were identified in 
infected sheep. Differences were found in 
expression of these miRNAs between uninfected 
sheep versus seropositive sheep. However, no 
differences in miRNA expression were found 
between asymptomatic seropositive animals and 
those with clinical disease. While some 
differential expression of miRNAs has been 
found, additional research may be warranted.1 
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1. Which of the following is NOT true concerning Actinobacillus infection in the ox? 
a. Pulmonary granulomas have been documented in chronic infections. 
b. Traumatic inoculation is considered the major route of infection. 
c. It is a zoonotic disease. 
d. Oral lesions are always present in infected animals. 

 
2. During the bacteremic phase, how do leptospires evade the host response? 

a. Deployment of inhibitors of complement  
b. Downregulation of MHC II gene 
c. Secretion of melanin-like substances 
d. Polysaccharide capsule 

 
3. What is the presumed primary method of transmission of cetacean morbillivirus between 

dolphins? 
a. Blowhole aerosols 
b. Venereal transition 
c. Urinary transmission 
d. Transplacental 

 
4. The H protein of cetacean morbillivirus binds to which receptor on host cells? 

a. CD4 
b. Nectin 4 
c. SLAM/CD150 
d. WinNT 

 
5. Which joints are usually affected in sheep infected with lentivirus? 

A.  Carpal 
B.  Metatarsal 
C.  Tarsal 
D.  Herpesvirus 

 

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 2020-2021 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 1: 41375 (4117060-00) 
 
Signalment: 
7-year-old male (gelded) cob, equine (Equus 
caballus) 
 
History: 
The gelding presented with a 48-hour history of 
colic. Signs of abdominal pain (colic) and mild 
ptosis were evident on clinical examination. 
Nasogastric reflux was present on intubation. 
Rectal examination and abdominal ultrasound 
revealed distended and non-motile small 
intestinal loops, and non-compressible impaction 
of the colon. Medical management was initiated 
however, due to unrelenting abdominal pain, and 
the clinical suspicion of grass sickness, 
euthanasia was carried out. 
 
Gross Pathology: 
The horse was in good body condition. Gross 
findings were limited to the gastrointestinal tract. 
All 4 divisions of the ascending colon contain 
firmly compacted and dry content (impaction) 
that has a variably present black coating (most 
prominent in the more distal regions, especially 
the right dorsal colon). The small intestine was 
dilated by gas and a moderate amount of liquid. 
 
Laboratory results: 
Not supplied. 
 

Microscopic description: 
Coeliac/ cranial mesenteric ganglion. 
Multifocally, high numbers of neurons (estimated 
70-80%) have degenerative changes 
characterized by central to complete cytoplasmic 
clearing of Nissl substance (chromatolysis), with 
an eccentrically positioned nucleus. Some of 
these neurons contain a central cytoplasmic 
eosinophilic body. Many neurons with 
chromatolytic changes have eccentric nuclei with 
condensed chromatin and shrunken nuclei 
(apoptosis). Axonal spheroids are seen 

Colon, horse. The colon is distended and impacted by dry 
fecal material. (Photo courtesy of: Division of Pathology, 
Public Health and Disease Investigation, Veterinary 
Diagnostic Services, School of Veterinary Medicine, College 
of Medical, Veterinary and Life Sciences, University of 
Glasgow (Garscube Campus), 464 Bearsden Road, Glasgow 
G61 1QH, Scotland, 
https://www.gla.ac.uk/schools/vet/cad/) 



occasionally between neurons. Multifocally, 
there is a mild increase in satellite cells. Rare 
individual and small clusters of lymphocytes are 
present scattered within the ganglion. 
 
Contributor’s morphologic diagnosis: 
Coeliac/ cranial mesenteric ganglia: Neuronal 
chromatolysis, degeneration and apoptosis, 
multifocal, severe 
 
Contributor’s comment: 
The presence of classical gross and 
histopathological features confirms the clinical 
suspicion of equine dysautonomia (equine grass 
sickness) in this case. Equine dysautonomia has a 
high mortality rate, and can have a significant 
impact in at risk areas.12 Acute, subacute, and 
chronic clinical presentations are recognized, and 
although these frequently overlap, this 
classification has utility in clinical decision 
making.6 Equine dysautonomia occurs most 
commonly in the United Kingdom,3 northern 
Europe, and South America (where it is referred 
to as “mal seco”),14 and has a strong association 
with grazing, with a peak incidence in the 
northern hemisphere during the spring and early 
summer months. Risk factors associated with the 
disease include recent movement to a new 
pasture, other cases of the disease on the same 
premises, pasture disturbance and a high number 
of horses. Younger animals are more often 

affected with a peak incidence in 2-7 year old 
horses.6 Equine dysautonomia is one example of 
a dysautonomia affecting domestic animals; 
others include the well characterized feline 
dysautonomia12 (Key Gaskell syndrome) and 
those occurring in dogs, sheep, rabbits and hares.1 
 
All dysautonomias in domestic animals are 
typified by injury to the postganglionic 
sympathetic and parasympathetic neurons of the 
peripheral autonomic and enteric nervous 
system,8,12 resulting in failure of both sympathetic 
and parasympathetic innervation in several organ 
systems including the gastrointestinal tract.1 In 
the horse, functional obstruction of the 
gastrointestinal tract due to intestinal dysmotility 
is a significant and life threatening 
consequence.12 The result is gastric and small 
intestinal dilation, and impaction of the large 
intestine;14 both were evident in this case. 
 
Characteristic neuropathological findings are 
extensive chromatolysis and neurodegeneration, 
with subsequent loss of neurons and degeneration 
and loss of dependent axons in autonomic ganglia 
of the peripheral nervous system.1 These changes 
were prominent in the section of coeliac/ cranial 
mesenteric ganglion submitted to the conference 
and also in the ganglia of the submucosal/ 
Meissner’s and myenteric/ Auerbach’s nerve 
plexuses of the ileum (not submitted to the 
conference), consistent with a previous report of 
the utility of this site in antemortem diagnosis of 
the disease.9 Additionally, immunohistochemical 
staining of the synaptic vesicle membrane protein 
synaptophysin showed marked cytoplasmic 

Colon, horse. The impacted fecal material is covered by a 
black crust. (Photo courtesy of: Division of Pathology, Public 
Health and Disease Investigation, Veterinary Diagnostic 
Services, School of Veterinary Medicine, College of Medical, 
Veterinary and Life Sciences, University of Glasgow 
(Garscube Campus), 464 Bearsden Road, Glasgow G61 1QH, 
Scotland, https://www.gla.ac.uk/schools/vet/cad/) 

Coeliac/cranial mesenteric ganglion, horse. A section of 
ganglion is submitted for examination. (HE, 5X) 



accumulation in neurons within both the coeliac/ 
cranial mesenteric ganglia and ileum. 
Intracytoplasmic synaptophysin accumulation, as 
demonstrated by immunohistochemistry, is 
recognized in dysautomonias of both horses and 
cats. Its use as a diagnostic marker has been 
demonstrated in horses and shows a staining 
pattern that is distinct from healthy control 
horses, colic cases and neuroparalytic 
botulism.2,16  
 
A small increase in the numbers of non-neuronal 
satellite cells was observed in the section of 
coeliac/ cranial mesenteric ganglion examined. 
Reactive and proliferative changes in these 
elements occur with progression of the disease.1 
Additionally the presence of multifocal small and 
loose aggregations of T lymphocytes and few 
individualized B lymphocytes in primarily 
perivascular locations (confirmed by 
immunohistochemistry for CD3 and PAX5 
respectively) is also an unexpected and seemingly 
non-specific finding in this case as inflammation 
is not anticipated associated with neuronal 
degeneration and loss in equine dysautonomia. 
 
The etiology of equine dysautonomia is currently 
unknown and is a focus of research into the 
disease, with Clostridium botulinum neurotoxins 

C and/ or D originating in the gastrointestinal 
tract (toxico-intestinal infection) hypothesized to 
be a possible cause.6,12 Low level serum 
antibodies to C. botulinum type C antigens is 
reported as a risk factor for the disease.6 This 
hypothesis has recently been tested in a C. 
botulinum type C vaccination trial in the United 
Kingdom,3,12 however the results are not 
available at the time of writing. An alternative 
etiology is the ingestion of a pasture derived 
mycotoxin,6,12 and a diverse range of other 
possibilities have also been investigated1 (for 
example heavy metal toxicity or plant derived 
toxins). 
 
Accurate antemortem diagnosis is imperative to 
facilitate clinical decision-making; the most 
appropriate course of action is often prompt 
euthanasia, while limited number chronic cases 
do respond to medical management. Ileal 
biopsies, although highly sensitive and specific, 
require general anesthesia for abdominal 
surgery.6 In an attempt to circumvent this issue 
the utility of rectal biopsy has been assessed, 
however sensitivity and specificity have been 
suboptimal, possibly due the small number of 
cases examined and/ or to the lesser numbers of 
neurons present in the rectal submucosa.12 Most 
recently detection of β-amyloid precursor protein 

Coeliac/cranial mesenteric ganglion, horse. Neuronal cell bodies exhibit varying degrees of chromatolysis, cytoplasmic swelling, 
vacuolation, and nuclear peripheralization. (HE, 280X) 



(β-APP) in submucosal neurons of the rectal 
mucosa has been shown to be a sensitive and 
specific method of confirming equine 
dysautonomia,4 and examination of the neurons 
of the subgemmal plexus of gustatory papillae for 
changes suggestive of neuronal injury has also 
shown promise for use as a antemortem 
diagnostic test.7 Both offer the advantage of 
sample acquisition being relatively non-invasive. 
 
Contributing Institution: 
Division of Pathology, Public Health and Disease 
Investigation  
Veterinary Diagnostic Services 
School of Veterinary Medicine 
College of Medical, Veterinary and Life Sciences 
University of Glasgow (Garscube Campus) 
464 Bearsden Road 
Glasgow G61 1QH, Scotland 
https://www.gla.ac.uk/schools/vet/cad/ 
 
JPC diagnosis: 
Ganglion: Neuronal degeneration, multifocal, 
moderate, with chromatolysis, mild satellitosis, 
and lymphocytic ganglionitis. 
 
JPC comment: 
There was spirited discussion among participants 
regarding this case. While the neuronal 

vacuolation in this case is significant and a 
prominent feature, vacuolation of ganglial cells 
has been found in both healthy and affected 
animals.5 A short review of affected species that 
have been reported as being affected by 
dysautonomia include the horse, rabbit, cat, dog, 
hare, and human. While overo lethal white foal 
syndrome is a heritable trait and grass sickness 
appears to be acquired, the similar dysfunction of 
celiac/mesenteric ganglia results in similar 
clinical signs. 
 
While there still exists a substantial knowledge 
gap regarding this disease, recent research may 
address certain specific aspects of predisposition, 
diagnosis, and treatment. A pedigree analysis of 
a population of Lipizzaner horses in Hungary 
showed a disproportionate number of horses 
affected by equine grass sickness were 
descendants of certain studs, with one having 
nearly 22% of offspring affected by the disease. 
While the true etiology of this disease is likely 
multifactorial, this suggests there may be a 
heritable component.15 
 
Efforts to diagnose this disease antemortem have 
resulted in a preliminary scoring system, that 
incorporates epidemiologic data and clinical data. 
The most important factors identified in this 

Coeliac/cranial mesenteric ganglion, horse. Few swollen axons (spheroids) are present within nerve fibers. (HE, 380X) 



framework include daily access to pasture and 
presenting from April to June, generalized or 
localized sweating, muscle tremors, and 
dysphagia. The score cutoff for this model results 
in a sensitivity of 100%, and a specificity of 53%. 
As additional risk factors are identified, the 
applicability of this model, as well as its 
specificity, may be improved.13 
 
Cytology of scrapings from the cranial cervical 
ganglia of affected horses has resulted in a highly 
sensitive and specific method of diagnosis. Using 
a combination of May-Grunwald Giemsa 
(MGG), cresyl fast violet, ad hematoxylin and 
eosin, and using histologic sections of tissue as 
the good standard for diagnosis, independent 
pathologists agreed on diagnoses of equine 
dysautonomia. The primary limitation of 
cytology is the occasional specimen that contains 
too few neurons for evaluation.11 
 
Though acute cases of equine dysautonomia are 
fatal, horses with chronic cases may survive with 
appropriate medical management. In chronic 
cases, the number of neurons found in the 
prevertebral and paravertebral ganglia, and in the 
enteric plexuses is lower than normal, but also 
lower than acute cases of dysautonomia. 
Additionally, small intestinal dilation, muscular 
hypertrophy, gastric mucosal hypertrophy and 
ulceration were common post-mortem findings in 
chronic cases. In most cases, the ileum was the 
most profoundly affected section of the 
gastrointestinal tract.10 
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CASE 2: S19-3401-3 (4153161-00) 
 
Signalment: 
6-year-old, mare, Hackney, Equus ferus caballus 
 
History: 
The provided sample was from a subcutaneous 
mass on the neck. The horse has no  
travel history outside the state of Florida, USA.  
 
Gross Pathology: 
Received is a roughly elliptical 1.7 x 1.2 x 0.6 cm, 
light tan to brown firm tissue.  
 
Laboratory results: 
Immunohistochemistry for Leishmania spp. is 
immunoreactive. PCR is negative.  
 
Microscopic description: 
The fibrous connective tissue is moderately 
expanded by large numbers of macrophages and 
epithelioid macrophages admixed with moderate 

number of lymphocytes, plasma cells, and low to 
moderate numbers of multinucleated giant cells. 
Numerous macrophages contain one to eight pale 
eosinophilic, round, protozoal organisms 
(amastigotes) that are 2-3 μm in diameter, stain 
with a Giemsa histochemical stain, have an oval 
nucleus and a kinetoplast that is orientated 
perpendicular to the nucleus. Intrahistiocytic 
amastigotes are frequently surrounded by a thin 
optically clear halo (parasitophorous vacuole).  
There are multifocal areas within the larger 
nodule of inflammation of hypereosinophilic and 
degenerate collagen.  
 
Contributor’s morphologic diagnosis: 
Dermatitis and panniculitis, granulomatous, 
lymphoplasmacytic, chronic, multifocal to 
coalescing, marked, with myriads of 
intrahistiocytic amastigotes and fewer 
extracellular amastigotes, subcutaneous mass 
from neck.  
 
Contributor’s comment: 
Leishmaniasis is a zoonotic disease caused by 
Leishmania spp., an obligate intracellular 
protozoa. Leishmania spp. are found on every 
continent except Australia and Antarctica. 
Leishmaniasis has three types of disease 
presentations: cutaneous, visceral, and 
mucocutaneous. The disease presentation 
depends on the species of Leishmania and the 
host immune responses.10 Most of the Leishmania 
species (>85%) only cause cutaneous lesions. 
Therefore, cutaneous leishmaniasis is the most 
common presentation in humans. However, the 
prevalence of cutaneous leishmaniasis in 
domestic animals is largely unknown9 and likely 
underdiagnosed as it is suspected the majority of 
infections have mild clinical disease and undergo 

Dermis, horse. A section of sclerotic dermis without 
overlying epidermis is submitted for examination (HE, 5X) 



spontaneous regression.7 To date, only two 
Leishmania species, L. donovani and L. infantum 
(also known as L. chagasi), are known to cause 
visceral leishmaniasis in mammals. In cases of 
visceral leishmaniasis, there is often concurrent 
cutaneous involvement. The spectrum of the 
severity of the cutaneous lesions in leishmaniasis 
reflects the dynamics of host immune responses. 
In general, a balanced Th1 response with proper 
IFN-γ dominant delayed type hypersensitivity 
promotes parasite killing and resolution of 
disease. However, an overly strong Th1 response 
could cause tissue damage and leads to severe, 
immune-mediated mucocutaneous manifestation. 
On the other end of the spectrum, an antibody 
dominant, or a Th2-skewed response that lacks 
IFN-γ, is associated with a high parasite load and 
diffuse, severe cutaneous disease.14 
 
The sandfly is the known vector for Leishmania 
spp. The sandflies acquire cell-associated 
amastigotes from the blood meal of an infected 
host. The amastigotes transform to the 
promastigote stage in the gut and migrate to the 
proboscis. The promastigotes are then 
regurgitated into the skin when the sandfly bites 
a new host. Once in the skin, the promastigotes 
are quickly phagocytosed by macrophages. 
Within the phagolysosome the promastigotes are 

protected from degradation from the 
macrophages, mature into amastigotes, and start 
to multiply inside the macrophages. Eventually 
the macrophages burst from the amastigote 
burden releasing amastigotes into the 
surrounding tissue to then be phagocytosed by 
other macrophages. Different species of sandflies 
are responsible for different species of 
Leishmania parasite. There are at least 40 species  
of Leishmania parasites listed in the taxonomy 
database in NCBI (National Center for 
Biotechnology Information) website and more 
than 30 species of sandflies serve as vectors for  
Leishmania parasite. And different species of 
Leishmania parasite seem to rely on different 
species of mammals as primary reservoirs to 
maintain its transmission cycle. For example, 
dogs serve as a natural reservoir for L. infantum. 
Sloths, hyraxes, opossums and rodents are other 
documented reservoirs for various species of 
Leishmania.3 In dogs, in addition to horizontal 
transmission by sandflies12, vertical transmission 
of L. infantum from naturally infected, pregnant 
bitch to puppies has been proven15 and is believed 
to contribute to the maintenance of the pathogen 
in endemic areas. 
 
The histiocytic and lymphocytic dermatitis is a 
consistent feature for cutaneous leishmaniasis. 

Dermis, horse. A nodule of granulomatous inflammation is present in the dermis. Macrophages and Langhans-type giant cell 
macrophages contain numerous protozoal amastigotes within their cytoplasm. (HE, 400X) 



However, the burden of the protozoa could be 
variable which reflects the dynamics of the 
interplay between the host and the pathogen. 
Furthermore, the incubation time of cutaneous 
leishmaniasis is highly variable from several 
month to seven years. Spontaneous regression 
and recurrence of cutaneous leishmaniasis have 
been reported in cats15 and horses.8  
 
In the United States, while most cases reflect 
travel patterns, cutaneous leishmaniasis is 
considered endemic in Texas and Oklahoma and 
North Dakota, with identification of 
autochthonous cutaneous leishmaniasis human 
cases and detection of female Lutzomyia 
anthophora sand flies at the residences of the 
case-patients.5 In the similar geographical regions  
in Texas where human autochthonous cutaneous 
leishmaniasis were reported, feline 
autochthonous cutaneous leishmaniasis caused 
by the same Leishmania species (L. Mexicana) 
have also been reported sporadically.16 Despite 
Florida not currently considered endemic for 
leishmaniasis in people, there has be a reported 
case of equine autochthonous cutaneous 
leishmaniasis case in Florida caused by L. 
siamensis in 2011.11 L. siamensis is an emergent 
leishmania species that is not genetically close to 
the leishmania species in the New World and in 
the Old world. It was first reported in a visceral 
leishmaniasis patient with AIDS in Thailand and 
subsequently in at least four horses with 
cutaneous leishmaniasis in central Europe.8 In 
addition, an autochthonous bovine cutaneous 
leishmaniasis case caused by L. siamensis was 
reported in Switzerland in 2010.6 The presented 
case is the second recognized horse native to 
central Florida with no travel history outside 

Florida, suggesting Florida is endemic for 
cutaneous leishmaniasis. Leishmaniasis should 
be considered as an endemic disease in Florida 
and be included as a differential diagnosis of 
nodular skin disease in horses with no travel 
history.  
 
Contributing Institution: 
University of Florida 
College of Veterinary Medicine 
Department of Comparative, Diagnostic, and 
Population Medicine  
P.O. Box 100123 
Gainesville, FL 32610-0123 
https://www.vetmed.ufl.edu/  
 
JPC diagnosis: 
Dermis: Dermatitis, granulomatous, focally 
extensive, severe, with numerous intrahistiocytic 
amastigotes. 
 
JPC comment: 
The contributor provides an excellent review of 
Leishmania spp. One hallmark feature of this 
protozoan is the presence of a kinetoplast. This 
structure is a complex organization of circular 
DNA in a large mitochondrion. The circles of 
DNA contain many copies of mitochondrial 
DNA, composed of minicircles and maxicircles. 
Maxicircles are similar to those of mitochondrial 
DNA is other eukaryotes, but minicircles are 
involved in RNA editing of maxicircle encoded 
transcripts. Leishmania tarentolae has been used 
as a research model successfully, and sequencing 
of L. infantum and L. baziliensis has shown 
remarkable conservation of minicircle DNA 
sequences across species. However, there exists a 
high degree of heterogeneity and diversity of 
maxicircle DNA, providing another way to 
identify and classify individual species within the 
clade of kinetoplastids.4 
 
The parasitophorous vacuole is an important 
structure in this disease, with contributions from 
the host cell as well as the parasite. The molecular 
composition of the host contributed components 
have partially been identified, while the 
contributions from the parasite are largely 
elusive. Leishmania spp parasitophorus vacuoles 
have many shared characteristics with 
phagolysosomes, including the lysosome-

Dermis, horse. At the deep margin of the specimen, vessels 
are surrounded by 4-5 layers of lymphocytes and plasma 
cells. (HE, 158X) 



associated proteins 1 and 2 (LAMP1, LAMP2) 
and ATPase. Also expressed and present are 
MHC class II, the glycoprotein gp91phox portion 
of NADPH oxidase complex, macrosialin, and 
cathepsin proteases B, D, H, and L. Additional 
molecules have been identified, and research as 
to their function remains to be conducted.17 
 
In the recent past, multi-locus enzyme 
electrophoresis (MLEE) was the reference 
technique for identifying Leishmania species, 
which often resulted in classification into species 
complexes. However, more recent molecular 
techniques based on either single gene sequences 
or multi-locus sequences, categorize in a 
definitive manner that does not support species 
complexes. Within major groups, markers such as 
MLSA, microsatellites or genome-wide SNPs are 
most appropriate. By leveraging molecular 
techniques, it allows for research on genetic drift 
and evolution of Leishmania, and has resulted in 
a clonal evolution hypothesis, with rare sexual 
recombination events.13 
 
There is some variability in participant slides for 
this case, with some containing adnexal 
structures which were helpful for tissue 
identification. The moderator discussed the 
potential differential diagnosis of cutaneous 
histoplasmosis in this horse. However, there is a 
paucity of Histoplasma capsulatum var. 
capsulatum reported in horses in the literature, 
with horses more often affected by Histoplasma 
capsulatum var. farciminosum (equine 
Histoplasmosis). The latter disease is of a more 
nodular nature, and frequently results in 
ulceration, exudation, scarring, and spreads via 
lymphatics. 
 
The lesion of leishmaniasis typically contains a 
significant plasmacytic component. In this case, 
while a few plasma cells were observed, many 
felt inclusion in the morphologic diagnosis was 
not warranted. Definitions of 'granulomatous' 
inflammation may include plasma cells as a 
component of chronic inflammatory cells,2 or it 
may specifically refer to macrophages, 
epithelioid macrophages, and multinucleated 
giant cells.1 In this case, we choose to include the 
small numbers of plasma cells in the term 
'granulomatous.' 
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CASE 3: S1601220 (4101207-00) 
 
Signalment: 
14-year-old, neutered male Quarter horse, Equus 
caballus 
 
History: 
The horse had a three-day history of progressive 
neurologic signs, fever ranging from 102 to 
105°F, and icterus, and had been treated 
unsuccessfully with non-steroidal anti-
inflammatory drugs, prior to death. 
 
Gross Pathology: 
Full necropsy was performed approximately 6 
hours after death. The carcass was in good 
nutritional condition with adequate internal fat 
reserves. Ocular sclera, fat [subcutaneous, 
pericardial, and abdominal], and articular 
surfaces [hip and shoulder] were icteric. 
Ecchymotic to suffusive hemorrhages were 
present in the ribcage (pleural, subpleural and 
intramuscular), along the ventral aspect of the 
vertebral column, multifocally in musculature, 
epicardium, endocardium, on serosal surfaces of 
most viscera, and in cerebral cortex. Heart 
contained deep red-black blood. Abdominal 
cavity contained approximately 5 liters of 
serosanguineous fluid with abundant fibrin that 
coated serosal surfaces of viscera and the 
peritoneal lining of the diaphragm. The liver was 
markedly enlarged, and the right and quadrate 
lobes were orange brown and friable. The left 
liver lobe was firm and deep red-black with 

numerous subcapsular and parenchymal 
emphysematous bullae. Cut surface had large, 
irregular pale foci surrounded by a hemorrhagic 
to black rim.  
 
Meninges overlying brain and spinal cord were 
congested, and there were focal hemorrhages 
throughout the cerebral cortex. No lesions were 
seen in the rest of the carcass. 
 
Laboratory results: 
Liver impression smears processed by FAT were 
positive for Clostridium novyi, and negative for 
C. chauvoei, C. septicum and C. sordelli. Cultures 
were negative for C. perfringens, C. difficile and 
C. sordellii. Liver samples were positive for C. 
novyi type B fliC and TcnA genes, and negative 
for the fliC genes of the other clostridia tested. 
 
Microscopic description: 
Liver: The hepatic capsule is multifocally lined 
by fibrin and cellular debris, and there are 
multiple, variably sized subcapsular and 
parenchymal emphysematous bullae. There is 
multifocal to focally extensive coagulative 
necrosis particularly of centrilobular to midzonal 
hepatocytes with frequent extension to involve 
entire lobules, accompanied by intralesional 
hemorrhage, fibrin, cellular debris, and large 
aggregates of gram-positive bacterial rods. Some 
of the bacteria had subterminal spores. Large 
numbers of viable and degenerate neutrophils 
border necrotic foci and are present in 
surrounding sinusoids. There is bile stasis, focal 
hemorrhages, vascular fibrinoid necrosis and 
thrombosis. 
 

Liver, horse. A single of liver is presented for examination. 
The liver has poor stain affinity, and linear aggregates of 
cellular debris. (HE, 5X) 



IHC: There was positive staining for C. novyi 
antigen. 
 
Contributor’s morphologic diagnosis: 
Liver: Hepatitis, necrotizing, focally extensive to 
diffuse, severe, with cholestasis, emphysematous 
bullae, vascular fibrinoid necrosis and 
thrombosis, and intralesional gram-positive 
bacilli, etiology consistent with Clostridium 
novyi  
 
Contributor’s comment: 
The presumptive diagnosis of infectious necrotic 
hepatitis [Clostridium novyi hepatitis] was made 
based on the typical gross and histologic findings, 
positive FA on liver impression smears, and 
positive staining for C. novyi antigen by IHC. 
Diagnosis was confirmed by PCR detection of the 
fliC and TcnA genes of C. novyi type B.8 
 
Infectious necrotic hepatitis [black disease] is an 
acute lethal disease of ruminants and is rarely 
seen in horses and dogs.1,3,5,9 C. novyi is a gram-
positive, spore-forming, anaerobic bacillus, 
which is commonly found in soil and feces of 
animals.9 It is classified into types A, B, and C 
based on the range of toxins produced.8 C. novyi 
type A produces mainly the lethal, edema-
inducing alpha toxin (TcnA), and the non-lethal 
phospholipase, gamma toxin; this bacterium is 
associated with gas gangrene. C. novyi type B 
produces TcnA in addition to the necrotizing and 
hemolytic beta toxin. C. novyi type C is 
considered to be non-toxigenic and non-
pathogenic. C. novyi type D is commonly known 
as C. haemolyticum and mainly produces beta 

toxin, the main virulence factor for bacillary 
hemoglobinuria in cattle.  
 
It is speculated but not proven that the spores of 
C. novyi type B are absorbed from the intestine 
and reach the liver via the portal circulation, after 
which there is systemic dissemination. Spores are 
phagocytized and remain latent in Kupffer cells 
of the liver, and in macrophages of the spleen and 
bone marrow.3,4 Both infectious necrotic hepatitis 
[INH] and bacillary hemoglobinuria [BH] are 
thought to occur after liver injury causing 
necrosis and the associated anaerobic conditions 
that are required for germination of latent spores 
and the production of toxins.5 Among causes of 
hepatic injury, migration of immature forms of 
Fasciola hepatica through the liver is considered 
the most important predisposing factor for both 
BH and INH in ruminants, and both diseases are 
more common in areas with high prevalence of 
fascioliasis.3 No predisposing factors were 
identified in the equine case presented here. 
 
Contributing Institution: 
California Animal Health and Food Safety 
Laboratory 
University of California Davis, San Bernardino 
Branch 
105 W. Central Ave., San Bernardino, CA 
92408 
www.cahfs.ucdavis.edu 
 
JPC diagnosis: 
Liver: Hepatitis, necrotizing, diffuse, severe, with 
thrombosis, emphysema, and numerous spore-
forming bacilli. 
 

Liver, horse. Higher magnification of the liver in an area of 
diffuse coagulative necrosis, dilated sinusoids, and a linear 
aggregate of necrotic neutrophils admixed with cellular 
debris. The process of degeneration increases from left to 
right in this image. (HE, 320X) 

Liver, horse. Clear spaces representing bacterial gas 
production (emphysema) are scattered throughout the 
section. (HE, 71X) 



JPC comment: 
The contributor provides a concise summary and 
subsequently published this case report in 2018.7 
This is an uncommon disease in horses, and at the 
time of this writing, only seven cases of equine 
infectious necrotizing hepatitis have been 
reported. Sheep are most often affected by 
infectious necrotizing hepatitis, but as in this 
case, other species are affected as well. While the 
most important toxins were detailed by the 
contributor, the production of TcnA is related to 
phage infection of the bacterium.6 When 
Clostridium novyi type A or type D were cured of 
phages NA1tox+ and NB1tox+, respectively, they no 
longer produced alpha toxin. Re-infection 
resulted in the renewed ability to produce alpha 
toxin.2 While this was published in 1976 and 
there is not a current effort to improve medical 
treatment by targeting bacteriophages, as 
technology improves, it may enjoy renewed 
research. 
 
When latent spores experience a low oxygen 
microenvironment, they begin to elaborate TcnA 
and beta toxin. TcnA enters host cells by means 
of receptor mediated endocytosis using a 
currently unidentified membrane receptor. 
Acidification within the endocytic vesicle allows 
cleavage of the N-terminal domain and the toxin's 
movement into the cytosol. Rho- and/or Ras-
GTPases from UDP-N-acetylglucosamine are 
glucosylated by the active form of TcnA. This 
results in disruption of the actin cytoskeleton, and 
minor disruption to the vimentin and microtubule 
systems. While beta toxin is also capable of 
causing hepatic necrosis, such small quantities 
are produced that it is unlikely to play a 
significant role in pathogenesis.6 

 
Other Clostridium spp also cause significant liver 
disease, in a wide variety of animals. As 
discussed, C. haemolyticum was previously 
known as C. novyi type D and is the cause of 
bacillary hemoglobinuria in ruminants (and 
rarely horses) through large quantities of beta 
toxin. C. piliforme is the only gram negative, 
obligate intracellular clostridia, and is the cause 
of Tyzzer's Disease in foals, laboratory rodents, 
and other lagomorphs.6 Unfortunately, the 
virulence factors for C. piliforme have yet to be 
identified. 
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CASE 4: K18-1448 (4127786-00) 
 
Signalment: 
16 years old, gelding, Thoroughbred, Equus 
caballus, equine 
 
History: 
Intermittent fever for five weeks, which 
improved with administration of tetracycline, but 
then fever returned, and the horse developed a 

cough. Rhodococcus equi pneumonia was 
confirmed, and results of polymerase chain 
reaction (PCR) testing for Equid herpesvirus-2 
and EHV-5 on tracheal wash fluid were positive. 
Concurrent equine multinodular pulmonary 
fibrosis was suspected. 
 
Gross Pathology: 
The horse is in good body condition, has good 
adipose reserves, and is in good postmortem 
condition. The oral mucous membranes are pale. 
There is stable foam in the trachea. There are 
multifocal, diffuse, round, firm nodules 
throughout the pulmonary parenchyma affecting 
approximately 50% of the lungs. The stomach 
and small intestine are gas filled. There is soft, 
wet, green ingesta in the stomach. The cecum and 
colon contain solid feces. The spleen is enlarged 
and there are multifocal, diffuse, ecchymotic, 
capsular hemorrhages. There is yellow 
concentrated urine in the urinary bladder. 
 
Laboratory results: 
Mycoplasma culture negative 
Bacterial culture negative 
EHV-1 PCR negative 
EHV-2 PCR positive 
EHV-4 PCR negative 
EHV-5 PCR positive 
Equine Influenza virus H3N8 PCR negative 
 

Lung, horse. Two sections from the joint, to include the thickened joint capsule and synovium are submitted for examination. 
(Photo courtesy of: Kord Animal Health Diagnostic Laboratory, PO Box 40627, Nashville, TN 37204-0627 
https://www.tn.gov/agriculture/consumers/pets/animal-health-diagnostic-lab0.html) 



Microscopic description: 
There are multifocal compressive nodules where 
alveolar septa are diffusely thickened by loose to 
mature fibrocollagenous stroma with infiltrates of 
scattered histiocytic cells, mononuclear cells, and 
neutrophils. The alveoli are often lined by 
cuboidal epithelium (type II pneumocyte 
hyperplasia) and contain variable numbers of 
neutrophils, histiocytic cells, sloughed epithelial 
cells, and/or mononuclear cells. A few alveoli 
contain necrotic cellular debris. Scattered intra-
alveolar macrophages contain amphophilic, 4- to 
6-micron, intranuclear inclusion bodies. Bronchi 
in the affected tissue are often lined by 
hyperplastic epithelium. In the less severely 
section of the parenchyma, there are scattered 

intra-alveolar hemorrhages and hemosiderin-
laden macrophages. The pleura is thickened. 
 
Contributor’s morphologic diagnosis: 
Multifocal interstitial pulmonary fibrosis with 
bronchointerstitial pneumonia and 
intrahistiocytic intranuclear viral inclusion bodies 
consistent with equine multinodular pulmonary 
fibrosis. 
 
Contributor’s comment: 
Since 2007, the fibrotic interstitial lung disease of 
horses known as equine multinodular pulmonary 
fibrosis (EMPF) has been associated with 
infection by EHV-5.3,7 Equid herpesvirus 5, 
family Herpesviridae, subfamily 
Gammaherpesvirinae, genus Percavirsus, is 
considered ubiquitous in horse populations.3 
Clinically affected horses are often concurrently 
infected with Equid herpesvirus 2 (EHV-2), 
which may suggest a synergist effect between the 
two viruses. The role of EHV-5 in the 
development of the disease is not known.3 Results 
of the quantitative real-time PCR reaction 
indicates that virus load is highest in lung tissue, 
transtracheal wash fluid, and bronchoalveolar 
lavage fluid, but virus isolation is typically 
unsuccessful.3 However, due to its ubiquitous 

Lung, horse. A section of lung with a large fibrous nodule 
(left) is submitted for examination. (HE, 64X) 

Lung, horse. The expanding nodule is composed of fibrotic alveolar septa and distorted alveoli filled with inflammatory cells.  (HE, 
128X) 



nature, EHV-5 is often also found in horses 
unaffected by EMPF.5 
 
In 2013, a group of researchers isolated EHV-5 
from horses with EMPF, inoculated horses 
without EMPF, and reproduced the disease, but 
were unable to re-isolate the virus from the 
clinically affected test subjects. However, EHV-
5 antigen was detected in affected lung tissue via 
immunohistochemistry.8 By use of PCR, EHV-5 
of the inoculating sequence was detected in 
peripheral blood mononuclear cells (PBMCs) 
only twice in the experiment, whereas EHV-5 of 
a non-inoculating sequence was detected three 
times.8 There is marked genomic heterogeneity of 
EHV-5, which likely results in strains of variable 
virulence, explaining why horses can be infected 
with various strains over their lifetime and not 
necessarily develop disease.2 Genomic 
heterogeneity is even greater in EHV-2.2  
 
Contributing Institution: 
Kord Animal Health Diagnostic Laboratory 
PO Box 40627 
Nashville, TN 37204-0627 
https://www.tn.gov/agriculture/consumers/pets/a
nimal-health-diagnostic-lab0.html 
 

JPC diagnosis: 
Lung: Pneumonia, necrotizing and sclerosing, 
interstitial, focally extensive, severe, with marked 
alveolar remodeling, type II pneumocyte 
hyperplasia and rare intrahistiocytic intranuclear 
viral inclusions. 
 
JPC comment: 
Recent research on Equid herpesvirus-5 has 
revealed small windows into its pathogenesis in 

Lung horse. Alveoli are distorted by septal fibrosis and filled with foamy, often debris-laden macrophages, neutrophils, and 
cellular debris. Septa are expanded by mature collagen and variable combinations and concentrations neutrophils, macrophages, 
lymphocytes and plasma cells. (HE, 381X) 

Lung, horse. Alveolar macrophages occasionally have 4-6 
micrometer diameter, homogenous eosinophilic intranuclear 
viral inclusions. 



the horse. EHV5 preferentially infects alveolar 
cells in the lung but does not infect ciliated 
respiratory epithelium of the trachea or nasal 
airways. Additionally, similar to the human 
Epstein-Barr virus, another gammaherpesvirus, 
EHV5 induces a lytic infection of T and B 
lymphocytes, with peak viral antigen expression 
at 24- and 72-hours post-inoculation, 
respectively. The subsequent drops in levels of 
expression are hypothesized to indicate a possible 
latency mechanism in the host.6 
 
While PCR and in situ hybridization has been 
previously used to identify EHV5 in affected 
horses, the first two reported cases in Japan also 
used an RNA-based in situ hybridization to 
identify viral mRNA, with positive signals 
identified in the cytoplasm and nuclei of alveolar 
macrophages in affected regions of the lung. This 
result suggests alveolar macrophages may play an 
important role in the pathogenesis of EMPF.4 
 
The current treatment for EMPF is focused on 
limiting inflammation to prevent further fibrosis, 
specifically focusing on limiting the actions of 
EHV5. Corticosteroids and nonsteroidal anti-
inflammatory drugs (NSAID) limit associated 
inflammation, and tetracycline therapy are 
chosen for their antifibrotic properties and their 
abilities to decreased metalloproteinase activity. 
The antiviral drug valacyclovir, which is 
metabolized to the active form acyclovir, is an 
inhibitor of viral DNA polymerase. A single case 

report of valacyclovir described a clinically 
healthy horse two years after treatment. However, 
in a recently conducted study in six horses with 
EMPF, valacyclovir did not effectively reduce 
the viral load as measured in peripheral blood, 
nasal secretions, or bronchoalveolar lavage fluid. 
Additional research may be warranted due to the 
low sample size, and that the clinical 
manifestation of disease is likely more 
complicated than strict viral kinetics.1 
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collagenous septa as well as the cellularity which may not 
be evident on HE. (Masson’s trichrome, 100X) 
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1. Which of the following is true concerning equine dysautonomia? 
a. Older horses are more predisposed to develop the disease. 
b. Lesions are found in the sympathetic neurons but not the parasympathetic neurons. 
c. Equine dysautonomia results in increased synaptophysin accumulation. 
d. Clostridium tetani toxins from the gut are considered as a potential cause for this 

condition. 
 

2. Detection of which of the following proteins in the submucosal neurons of the rectal mucosa has 
been identified as a sensitive and specific test for equine dysautonomia? 

a. C. perfringens beta toxin 
b. Ubiquitin 
c. Beta-amyloid precursor protein 
d. Abnormal tubulin 

 
3. Which of the following is the primary vector for Leishmania spp? 

a. Sandflies 
b. Biting midges 
c. Ticks 
d. Mosquitoes 

 
4. Which of the following is most affected by infectious necrotic hepatitis? 

a. Sheep 
b. Dogs 
c. Horses 
d. Cattle 

 
5. Which of the following viruses is the cause of equine multinodular pulmonary fibrosis ? 

A.  Equine herpesvirus-1 
B.  Equine herpesvirus-2 
C.  Equine herpesvirus-3 
D.  Equine herpesvirus-5 

 

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 2020-2021 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 1: Case 2 N-169/20 (4153943-00) 
 
Signalment: 
1-day old foal, male, Pure Spanish Breed, Equine 
(Equus ferus caballus). 
 
History: 
The physical examination reveals hyperthermia 
and weakness. Supporting treatment consisting of 
IV fluid therapy, antibiotic (cefquinoma) and 
NSAID (flunixin). The animal died 12 hours 
later. 
 
Gross Pathology: 
The kidneys were swollen, diffusely congested 
and up to 10% of the renal cortex had multiple, 1-
2 mm diameter, well demarcated, round, white 
foci (embolic nephritis). 
 
Laboratory results: 
None submitted 
 
Microscopic description: 
Kidney: Multifocally, up to 20% of the renal 
cortex is affected by an inflammatory and 
necrotizing process. Diffusely, expanding and 
effacing the glomeruli and peripheral tissue, there 
are abundant viable and degenerated neutrophils, 
moderate number of macrophages, few 
lymphocytes and plasma cells, admixed with 
abundant eosinophilic cellular debris with 
pyknosis and karyolysis with loss of cellular 

outlines (lytic necrosis), moderate amount of 
fibrin, hemorrhage, edema and small to medium 
extracellular basophilic colonies of 1-2µm 
coccobacilli (microabscesses). Adjacent tubular 
epithelium variably presents one of the following 
changes: shrunken hypereosinophilic cytoplasm 
with pyknosis (coagulative necrosis) or swollen 
pale eosinophilic vacuolated cytoplasm (tubular 
degeneration). Diffusely, the interstitium shows 
moderate congestion. Remaining tubules present 
minimal tubular degeneration with few 
intraluminal, pale round eosinophilic material 
(protein cast). 
 
 

Kidney, foal. A section of kidney with cortex and outer 
medulla is submitted for examination. Lesions are not 
apparent at subgross examination (HE, 5X) 



Contributor’s morphologic diagnosis: 
1. Kidney: Multifocal suppurative 

glomerulonephritis diffuse, global, 
subacute, moderate with intralesional 
small colonies of coccobacilli. 

2. Kidney: Tubular degeneration and 
necrosis, acute, diffuse, mild. 

 
Contributor’s comment: 
Actinobacillus equuli, a Gram-negative 
pleomorphic rod, is the causative agent of several 
diseases in horses. The most serious is an acute, 
usually fatal septicemia of newborn foals known 
as: “sleepy foal disease”,4 which causes lesions at 
several organs, including the kidneys, joints, 
lungs and intestine. The most likely source of 
infection for the neonate is the mare, where the 
organism is present in the normal oral flora.4 
 
A. equuli affects more the newborn foals, in adult 
horses are less common and generally more 
localized, causing acute and chronic peritonitis.11 
 
Rarely, A. equuli has been reported to be an 
opportunistic pathogen of pigs, with these 
infections typically associated with abortion, 
septicemia, and polyarthritis.11 
 
Fecal contamination or extension from oral 
mucous membranes is the method of inoculation, 
is acquired in utero during parturition, or shortly 
after birth as an umbilical infection, the last one 
is the most common route of infection in foals, 
resulting in septicemias.1,5 
 

Two subspecies of Actinobacillus equuli, subsp 
equuli and haemolyticus are normal inhabits of 
mucous membranes of the alimentary tract. 
Subspecies are based on the repeats-in-toxin 
(RTX), toxin genotype (Aqx-equuli toxin).1,7 The 
higher isolation rates of A. equuli subsp equuli 
over A. equuli subsp haemolyticus from 
septicemic cases indicates that other virulence 
factors play a major role in pathogenesis. Toxins 
belonging to RTX family are produced by some 
species of Actinobacillus, and they exert 
hemolytic, cytotoxic activity and host 
specificity.7,8,12 
 
The foal is born without anti-Aqx antibodies but 
acquires them by passive transfer from the mare’s 
colostrum within an hour of ingesting it. The 
complete failure of passive transfer caused by the 
delay in the colostrum supply, or by a poor-
quality colostrum predisposes foals to infection 
and sepsis.2,4 
 
A. equuli is of clinical importance, since it can 
cause disease in horses and is found in infected 
wounds of humans bitten by horses. Hemolytic 
strains of A equuli are also isolated from tracheal 
washes, indicating a preference for the 
respiratory tract. These strains are opportunistic 
pathogens and can cause respiratory infections, 
septicemia, metritis, mastitis, arthritis, 
endocarditis, meningitis and peritonitis. Non-
hemolytic strains is well known to cause the 
clinical condition: ‘sleepy foal disease.’4 
 
A. equuli is a well-known cause of embolic 
nephritis in young horses. At gross examination 
small abscesses occur in a variety of organs, 
including the liver, adrenal gland, joints, and the 

Kidney, foal. Fetal glomeruli are prominent in the section. 
Multifocally and randomly, there are emboli of large 
numbers of 1-2um coccobacilli occluding glomerular 
capillaries (arrows), and affected tufts are segmentally 
expanded by low numbers of necrotic neutrophils, fibrin, 
edema, and cellular debris. (HE, 400X). 

Kidney, foal. Remnants of effaced glomeruli are present 
within expanding foci of septic and neutrophilic 
inflammation. (HE, 255X) 



kidney.1 Microscopically, glomerular capillaries 
and to a lesser extent interlobular arterioles 
contain microabscesses. If the animal survives 
the infiltrate can persist as focal residual 
abscesses or coalescing scar.1 
 
Embolic nephritis also occurs commonly in the 
bacteremia of pigs infected with Erysipelothrix 
rhusiopathiae, sheep and goats infected with 
Corynebacterium pseudotuberculosis, 
Trueperella pyogenes is the most common isolate 
in cattle, but Staphylococcus aureus, 
Mannheimia haemolytica and Streptococcus 
bovis were also present.1 
 
Contributing Institution: 
Universidad de Zaragoza 
Departamento de Patología Animal 
https://patologiaanimal.unizar.es 
 
JPC diagnosis: 
Kidney: Nephritis, suppurative, embolic, with 
mild fibrinosuppurative glomerulitis and rare 
large colonies of bacilli. 
 
JPC comment: 
The contributor provides a concise summary of 
this disease. In addition to the described diseases 
in horses, Actinobacillus equuli ssp. equuli is one 
of the most commonly isolated agents causing 
osteomyelitis in foals, while Actinobacillus 
equuli ssp. haemolytica is a common cause of 
bronchopneumonia and pleuritis in horses.6 
 
A number of species within the Actinobacillus 
genus are closely related, and A. equuli is difficult 
to differentiate from A. suis using even 16S rRNA 
sequencing. Recent whole genome sequencing of 

the Actinobacillus genus phylogenetic tree shows 
that a number of species capable of causing 
invasive disease cluster closely by surface 
antigen type, and include A. suis, A. ureae, A. 
equuli equuli, and A. capsulatus.3 
 
As stated previously, A. equuli also occasionally 
affects pigs and piglets. Recently, an outbreak of 
A. equuli caused swollen joints and moderate to 
severe lameness in 6-8-hour old piglets. They 
experienced lethargy and a subset became non-
ambulatory. The primary findings in the affected 
piglets included purulent polyarthritis, 
tendovaginitis, and purulent inflammation in the 
brain and kidneys of one animal.8 
 
During the conference, the moderator 
emphasized how glomerular morphology in this 
case allows for some age determination of the 
animal. The glomerular visceral epithelial cells 
are plump podocyte precursor cells, consistent 
with fetal glomerular morphology of a young 
animal. It was also emphasized that this agent, as 
well as other possible bacterial agents, will often 
be found in the peritubular capillaries. 
 
The moderator reminded all participants that the 
vessels in the kidney are arteries, with the term 
"arteriole" being reserved for the afferent and 
efferent vessels immediately arriving and 
departing the glomerulus, respectively. Arterioles 
lack the internal elastic lamina, allowing for 
direct and immediate control of lumen diameter 
and blood pressure. 
 
References: 

1. A, Breshears Melanie CAW. The Urinary 
System. In: Zachary F J, ed. Pathologic Basis 
of Veterinary Disease. Elsevier Inc; 
2017:617–680. 

2. Berthoud H, Frey J, Sternberg S, Straub R, 
Kuhnert P. Antibodies to Aqx toxin of 
Actinobacillus equuli in horses and foals. Vet 
Rec. 2004 Aug 21 [cited 2020 Jun 
22];155:231–233. 

3. Bujold AR, Shure AE, Liu R, Kropinski AM, 
MacInnes JI. Investigation of putative 
invasion determinants of Actinobacillus 
species using comparative genomics. 
Genomics. 2019;111(1):59-66. 

4. Castagnetti C, Rossi M, Parmeggiani F, 
Zanoni RG, Pirrone A, Mariella J. Facial 

Kidney, foal. Foci of suppurative inflammation are scattered 
throughout the cortex, expanding the cortex and effacing 
glomeruli and tubules. (HE, 250X) 



cellulitis due to Actinobacillus equuli 
infection in a neonatal foal. Vet Rec. 2008 
Mar 15 [cited 2020 Jun 19];162:347–349. 

5. Cianciolo E, Rachel. Mohr CF. Urinary 
System. In: Grant Maxie M, ed. Pathology of 
Domestic Animals. Elsevier Inc.; 2016:377–
463. 

6. Fenwick BW, Woolums AR. 
Pasteurellaceae: Actinobacillus. In: McVey 
DS, Kennedy M, Chengappa MM, eds. 
Veterinary Microbiology, 3rd Ed. Ames, 
IA:Wiley-Blackwell. 2013;108-114. 

7. Kuhnert P, Berthoud H, Straub R, Frey J. 
Host cell specific activity of RTX toxins from 
haemolytic Actinobacillus equuli and 
Actinobacillus suis. Vet Microbiol. 2003 Mar 
20;92:161–167. 

8. Löhr C V., Polster U, Kuhnert P, Karger A, 
Rurangirwa FR, Teifke JP. Mesenteric 
Lymphangitis and Sepsis Due to RTX Toxin-
Producing Actinobacillus spp in 2 Foals With 
Hypothyroidism-Dysmaturity Syndrome. Vet 
Pathol. 2012 Jul;49:592–601. 

9. Maul C, Suchowski M, Klose K, Antov V, 
Pfeffer M, Schwarz BA. Detection of 
Actinobacillus equuli ssp. equuli in piglets 
with purulent polyarthritis and 
tendovaginitis. Tierarztl Prax. 
2020;48(1):51-58. 

10. Patterson-Kane JC, Donahue JM, Harrison 
LR. Septicemia and Peritonitis Due to 
Actinobacillus equuli Infection in an Adult 
Horse. Vol. 38, Vet Pathol. 2001. 

11. Thompson AB, Postey RC, Snider T, Pasma 
T. Actinobacillus equuli as a primary 
pathogen in breeding sows and piglets. Can 
Vet J = La Rev Vet Can. 2010 Nov [cited 
2020 Jun 22];51:1223–1225. 

12. Uchida-Fujii E, Niwa H, Kinoshita Y, 
Nukada T. Actinobacillus species isolated 
from Japanese Thoroughbred racehorses in 
the last two decades. J Vet Med Sci. 2019 Sep 
3 [cited 2020 Jun 19];81:1234–1237. 

 
 
 
CASE 2: Case 1 GR (4153953-00) 
 
Signalment: 
Age: 35-42 days; Gender: 2 females and 1 male; 
Breed: Yorkshire; Scientific name: Sus Scrofa 
Domesticus; Species: Domestic Pig  
 
 
 

History: 
The present cases (three piglets) were the 
offspring of a sow that had been born in a litter 
where several littermates had died with renal 
lesions. This sow was experimentally artificially 
inseminated with semen from a boar that 
previously had produced litters where several 
piglets had died with renal lesions before 
weaning. 
 
Gross Pathology: 
The carcasses of these piglets were conspicuously 
anemic. The myocardium of the left heart 
ventricle was thickened due to hypertrophy. The 
stomach contained some coagulated blood, and 
erosions and hemorrhagic ulcerations were 
observed in the cutaneous mucosal lining of the 
pars oesophagea. 
 
In the retroperitoneal abdomen there was a well-
developed perirenal edema. The renal capsule 
could be easily removed. The kidneys were 
enlarged and somewhat pale yellow-brownish 
discolored with a finely granular surface 
containing numerous diffusely distributed 
cortical petechial hemorrhages. The cortical 
surfaces had several linear shallow indentations 
radiating from the renal hilum out to the renal 
lateral border. At outside inspection the kidneys 
appeared somewhat “collapsed” flattened at the 
hilum. After sagittal section of the kidneys the 
renal papillae on the cut surface appeared 
atrophic giving the impression of dilated calyces 
mimicking hydronephrotic change.  
 
Laboratory results: 
Median serum urea concentration: 44.9 mmol/L; 
Median serum creatinine concentration: 848 
µmol/L; Microbiology (kidney, spleen and 
blood): No bacterial growth; Median plasma C3 
concentration: 4,5 % i.e. hypocomplementemic; 
Median plasma Terminal Complement Complex 
(TCC; “MAC”) concentration 13,6 Arbitrary 
Units (AU)/mL as compared to median plasma 
TCC concentration in healthy age-matched 
piglets of 1.8 AU/mL. 



 
Microscopic description: 
Renal tissue: All glomeruli had a principal 
glomerular lesion that was characterized by a 
combination of diffuse glomerular capillary wall 
thickening and pronounced mesangial cell 
hyperplasia. This glomerular lesion gave the 
glomeruli an accentuated lobulation with loss of 
glomerular capillary patency. Several glomeruli 
revealed more exudative changes with evidence 
of glomerular capillary infiltration of neutrophilic 
granulocytes (PMN-N) and fibrin exudation with 
a variable number of PMN-Ns to the urinary 
spaces (within the Bowman capsules) with a 
varying degree of fibrinocellular crescent 
formation, corresponding to a rapidly progressive 
glomerulonephritis (RPGN). 
 
 The proximal tubular epithelium revealed 
degenerative changes with conspicuous evidence 
of massive hyaline droplet degeneration. A vast 
number of distal tubular segments and collecting 
ducts contained cylinders of proteinaceous fluid 
with a variable content of PMN-N´s. The renal 
cortical interstitium was moderately expanded by 
collagen, and the medullary interstitium was 
conspicuously expanded by 
fibrocytes/fibroblasts. In the papillary medullary 
tissue, there was a scarcity of collecting ducts and 
other tubular elements such as the loops of 
Henley. 
 
Immunohistochemistry / Immunofluorescence 
Immunohistochemistry and immunofluorescence 
studies of the glomeruli were consistently 
negative for immune-complex depositions. 
Indirect immunofluorescence on frozen kidney 

sections for glomerular porcine C3 (pAb 
SwineC3) was strongly positive along the 
glomerular capillary walls and in the expanded 
mesangium, and mAb HumanTCC (“MAC”) was 
consistently strongly positive mainly along the 
thickened glomerular capillary walls. Double 
labeling showed colocalized staining (yellow) 
along capillary walls, while C3 deposition 
dominated in the mesangium. Green: FITC 
(fluorescein isothiocyanate. Red: TRITC 
(tetramethylrhodamine).  
 
Transmission electron microscopy (TEM): 
The ultrastructural appearance of the GBM 
revealed a conspicuously thickened lamina densa 
consisting of a homogenous electron dense 
osmiophilic material. The thickness of the GBMs 
were measured to 1000-1250 nm as compared to 
the normal GBM thickness of about 150 – 200 
nm. The glomerular visceral epithelium (the 

Kidney, piglet. Capsular and cut surface of kidney. The capsular surface has a dry pebbled appearance, and there is mild 
hydronephrosis. (Photo courtesy of: Faculty of Veterinary Medicine, Oslo, Norway, www.nmbu.no) 

Kidney, piglet. The glomerulus is segmented. The 
mesangium is markedly hypercellular and glomerular 
capillary walls are diffusely thickened. (HE, 400X). (Photo 
courtesy of: Faculty of Veterinary Medicine, Oslo, Norway, 
www.nmbu.no) 



podocytes) revealed general loss of foot 
processes and showed a general attenuation along 
the outside of the thickened electron dense GBM. 
 
Contributor’s morphologic diagnosis: 
Porcine Membranoproliferative 
Glomerulonephritis type II; Porcine C3 
glomerulopathy, aka (Porcine) Dense Deposit 
Disease (DDD)  
 
Contributor’s comment: 
Glomerular diseases represent important causes 
of renal failure because they cause loss of 
glomerular function and impair blood flow within 
peritubular capillaries downstream of the 
glomeruli, affecting the entire nephrons. Pro-

inflammatory cytokines, chemokines, and growth 
factors produced by glomerular inflammatory 
reactions and transported further with the ultra-
filtrate and the peritubular capillary blood may 
also affect and cause activation of the epithelium 
along the entire nephron as well as the renal 
interstitium, causing tubular degeneration and 
atrophy, and interstitial fibrosis. This adds to the 
devastating effects of increased protein-
concentration in the pre-urine. 
 
Glomerular diseases are termed primary when the 
kidneys are the only or predominant organs 
affected as opposed to secondary glomerular 
disorders caused by systemic diseases, e.g. 
systemic lupus erythematosus (SLE), metabolic 

Kidney, piglet. (Left) The uriniferous space is expanded by abundant fibrin with small amounts of cellular debris. (Right) 
Glomerular synechiation, organization of fibrin exudate, segmental fibrosis and hyperplasia of the parietal epithelium (crescent 
formation) (HE, 400X). (Photo courtesy of: Faculty of Veterinary Medicine, Oslo, Norway, www.nmbu.no) 

Kidney, piglet. (Left) The cytoplasm of degenerate epithelial cells contains numerous brightly eosinophilic cytoplasmic inclusions 
(hyalinosis). (Right) Tubular lumina contain protein and occasionally neutrophils; the interstitium is edematous. (HE, 400X) (Photo 
courtesy of: Faculty of Veterinary Medicine, Oslo, Norway, www.nmbu.no) 



diseases, hypertension, or amyloidosis. Thus, 
glomerular diseases may be caused by both non-
inflammatory and inflammatory reactions. 
However, both the clinical manifestations and 
glomerular histologic changes in primary and 
secondary forms can be similar. In cases of 
glomerular disease without any obvious 
inflammatory component, these conditions are 
termed glomerulopathies as opposed to more 
obvious inflammatory diseases which may be 
termed glomerulonephritides. 
 
Primary glomerulopathies (-nephritides) are most 
often caused by immune-complex depositions 
within in the glomeruli, either as a result of 

deposition of circulating immune-complexes or 
immune-complexes caused by antibodies 
reacting in situ within the glomeruli, either by 
binding to insoluble fixed (intrinsic) glomerular 
antigens or to molecules planted within the 
glomerulus. 
 
The antigens responsible for the immune-
complex depositions are frequently antigens of 
infectious microorganisms but may also be self-
antigens in the case of auto-immune reactions as 
e.g. in SLE or in neoplasia. 
 
Primary glomerulopathies may also be caused by 
hereditary disease conditions as e.g. in hereditary 
complement factor 3 deficiency, Alport disease 
(“hereditary nephritis”; mutations of collagen 
IV), or collagen type 3 glomerulopathy caused by 
a hitherto unknown mutation. 
 
The morphologic glomerular lesions in animal 
immune-mediated glomerulonephritides may 
vary, but hypercellularity (proliferation of 
resident glomerular cells, leukocytic infiltration, 
glomerular crescent formation), GBM thickening 
observed as a uniform, diffuse global thickening 
of the glomerular capillary walls with light-
microscopy, and hyalinosis and sclerosis may be 
observed. Both membranous glomerulopathy and 
membranoproliferative glomerulonephritis 
(MPGN) are frequently diagnosed in animal 
species. 
 

Kidney, piglet. Double-labeled immunofluorescence with 
antibodies against C3 and human terminal complement 
complex (TCC). (Photo courtesy of: Faculty of Veterinary 
Medicine, Oslo, Norway, www.nmbu.no) 

Kidney, piglet. (Left) There is irregular and marked expansion of the basement membrane by abundant dense deposits. Secondary 
and primary foot process are absent. A neutrophil is present within the capillary lumen.  (Right) A second cross section of capillary 
demonstrates similar basement membrane expansion and two hypertrophic endothelial nuclei. There is effacement of secondary 
foot processes. (9300X) (Photo courtesy of: Faculty of Veterinary Medicine, Oslo, Norway, www.nmbu.no) 



The MPGN occurring in animals are lesions 
similar to the human MPGN type I characterized 
by occurrence of sub-endothelial and para-
mesangial glomerular immune-complexes 
evident as multifocal glomerular deposits of 
electron-dense material interposed between the 
glomerular basement membrane and the 
glomerular capillary endothelium and in the para-
mesangial regions as observed with transmission 
electron microscopy (TEM).1,2 These immune 
complexes trigger classical pathway complement 
activation and thus cause the inflammatory 
reaction. 
 
Until 1993 another type of MPGN described in 
humans, MPGN type II with intramembranous 
dense deposits - (Dense Deposit Disease; DDD), 
had never been observed in any animal species, 
when it was discovered as the cause of disease 
and death in Norwegian Yorkshire piglets.6 Since 
then, this type of glomerulonephritis has by 
consensus been re-named C3 glomerulopathy, 
denoting a glomerular lesion characterized by 
C3-accumulation with absent or scanty 
immunoglobulin deposition.10,12 
 
This disease condition in the Norwegian 
Yorkshire piglets was proven to be an autosomal 
recessive transmitted disease caused by an 
inherited deficiency of the fluid phase 
complement regulatory protein complement 
factor H (FH). The FH deficiency caused 
spontaneous unrestricted alternative complement 
activation when plasma was exposed to the 
glomerular basement membrane that is not 
protected by cell membrane-bound other 
complement inhibitory proteins. This porcine 
glomerular disease model was the first 
demonstration of the relationship between 
development of glomerular DDD and 
unrestricted glomerular alternative complement 
activation.5 
 
In the project studying this inherited disease it 
was produced in all 317 piglets in a total of 28 
litters, using artificial insemination of both frozen 
and fresh semen to sows associated to the disease 
condition by being littermates of piglets that had 
died from this disease. During this study the 
glomerulonephritic piglets were detected by 
having abnormally low plasma concentrations of 

Complement factor 3 (C3) and abnormally high 
plasma concentrations of fluid phase TCC 
(“MAC”). 88 (27.8 %) of the produced piglets 
were diagnosed as FH-deficient and developed all 
- without exceptions – lethal Porcine Dense 
Deposit Disease (previously named Porcine 
Membranoproliferative Glomerulonephritis type 
II). 
 
As heterozygote carriers of the genetic mutations 
revealed about half-normal plasma concentration 
of C3, we were able to detect all carriers within 
the Norwegian breed herds for the Norwegian 
Yorkshire breed. All diagnosed carriers were 
removed from the breeding program, and thus 
this disease was eradicated from the Norwegian 
Yorkshire pig population and has not been 
observed to re-emerge.3-9 
 
Contributing Institution: 
Faculty of Veterinary Medicine 
Oslo, NORWAY 
www.nmbu.no 
 
JPC diagnosis: 
Kidney: Glomerulonephritis, proliferative and 
crescentic, diffuse, severe with tubular 
degeneration, necrosis, and regeneration, protein 
and cellular casts, and edema. 
 
JPC comment: 
The contributor provides an excellent review of 
this disease while highlighting the different 
subtypes of membranoproliferative 
glomerulonephritis (MPGN). There has been 
reorganization of, and recently proposed 
categorizations within, human MPGN. Type I 
and III MPGN is still related to immune complex 
deposition and is stratified by polyclonal or 
monoclonal antibody deposition. However, now 
three entities are grouped within a new category 
called C3 glomerulopathy (C3 GP), all requiring 
dysfunction of the alternative pathway of 
complement activation: Dense Deposit Disease 
(DDD), C3 glomerulonephritis (C3 GN), and 
complement factor H-related protein 5 
glomerulopathy (CFHR5 GP). In order to arrive 
at a diagnosis of one of these diseases, a 
combination of light microscopy, 
immunofluorescence/immunohistochemistry and 
TEM, laboratory complement findings, and 



clinical history and data are required. 
Unfortunately, it is rare that the veterinary 
pathologist has access to all these data.11 
 
The alternative pathway of complement 
activation relies on neither immune complexes 
nor bacterial sugars and is constantly in a 
moderate state of activation. Factor B binds to 
C3b and factor D cleaves the complex to form the 
active C3bBb that has C3 convertase activity. 
Regulatory mechanisms become important it a 
process that is constantly in action, and factors H 
and I play critical roles. Factor H inhibits the 
formation of C3 convertase, while factor I 
inhibits C3b by proteolysis. Deficiency of factor 
H results in severe secondary depletion of intact 
C3, while deficiency of factor I results in 
accumulation of C3b in plasma. As described by 
the contributor, Dense Deposit Disease in pigs is 
specifically the result of complete factor H 
deficiency. Murine models of this disease have 
successfully been created, with a targeted gene 
deletion of exon 3 of murine factor H gene within 
embryonic stem cells. The mouse model is a good 
representation of Dense Deposit Disease, across 
humans and pigs.13 
 
Conference discussion centered briefly on the 
glomerular crescents in this section. When 
confronted with glomerular injury, pigs often 
make large, distinct glomerular crescents, 
composed of fibrin, neutrophils, sloughed 
parietal and visceral epithelial cells, and 
ultimately leading to scarring. The moderator 
also shared that in C3GN, the electron dense 
deposits seen in this disease have a 
multisegmented shape, with a resemblance to 
sausage links. Immune complex deposition 
results in more discrete aggregates of electron 
dense material. 
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CASE 3: 18N2812 (4135943-00) 
 
Signalment: 
Adult, 20+ year-old Quarter Horse gelding, 
Equus caballus 
 
History: 
A 20+ year old Quarter horse gelding presented 
for a fever of unknown origin, anorexia and 
approximately 1-week history of nasal discharge 
and cough following multiple horses on the 
property confirmed to have influenza. Non-
steroidal ant-inflammatories (NSAIDs) were not 
given prior to presentation. On abdominal 
ultrasound there was an abnormal echotexture 
and shape to the right kidney. Blood creatinine 
levels were also elevated (5.3 mg/dl; reference 
range: 0.9-2.0 mg/dl). Creatinine levels continued 
to rise in the face of fluid therapy. Due to poor 
prognosis, the owners elected for humane 
euthanasia. 
 
Gross Pathology: 
The pleural cavity contains approximately 1 liter 
of serosanguinous effusion. The lungs are 
mottled pale to dark pink. Approximately 25% of 
the cranioventral lung lobes are bilaterally firm 
and consolidated and sinks in formalin. The 
caudodorsal lung lobes are bilaterally soft to 
rubbery and floats in formalin. On cut section, the 
lung oozes clear, watery fluid. 
 
There is approximately 1 liter of yellow to light 
brown, translucent, watery fluid present in the 
peritoneal cavity. Beneath the renal capsule, 
randomly, scattered over the entire surface of 
kidneys are hundreds of petechiae which range 
from 1 to 2 mm in diameter. On cut section the 
entire cortex of each kidney is similarly affected. 
Diffusely, the corticomedullary junctions are 
dark red. The renal pelvices, bilaterally, contains, 
pale tan, folds of undulating tissue, which is 
expanded by clear, watery to gelatinous, fluid. 
Segmentally, 6.5 cm of the right proximal ureter 
and 5.0 cm of left proximal ureter are 
transmurally red. The serosal and mucosal 
vasculature is prominent and congested at the 
apex of the bladder. Additionally, within this 
affected region of bladder mucosa there is a 0.5 
cm in diameter purpura. The lumen of the bladder 
contains cloudy, dark yellow to brown urine. 

 
Laboratory results: 
CBC: 
Echinocytosis (many) 
Left shift (bands; 108/ul) 
Mild monocytosis (867/ul) 
Mild basophilia (217/ul) 
Fibrinogenemia (800 mg/dl) 
 
Interpretation: Inflammatory leukogram 
 
Chem: 
Hypophosphatemia (1.3 mg/dl) 
Azotemia: elevated BUN (36 mg/dl) and 
creatinine (5.3) 
Hypoalbuminemia (2.1 g/dl) 
Hyperglobulinemia (5.3 g/dl) 
Low creatinine kinase (108 IU/L) 
Hypobilirubinemia (<0.2 mg/dl direct) 
 
Interpretation: Hypoalbuminemia, 
considerations include loss (renal or GI) or 
decreased production (no support). 
Histopathology suggests glomerular disease and 
therefore renal loss. Azotemia may be pre-renal, 
but histopathology suggest renal is primary. 
Hypophosphatemia may be secondary to 
alkalosis, supported by respiratory disease 
observed on necropsy, but renal losses and GI 
malabsorption cannot be fully excluded. 
Recommend blood gas, urinalysis and fractional 
excretion of phosphorous. 
 
 
 
 

Kidney, horse. A section of kidney, including cortex (left) and 
medulla (right) is submitted. (HE, 5X) 



SAA: 
Elevated serum amyloid A (SAA); (2930 ug/ml) 
 
Interpretation: Inflammation 
 

 

 

 
Transmission Electron Microscopy 
A sample of the renal cortex had been submitted 
for electron microscopy. Three glomeruli are 
evaluated. Throughout the glomerulus are large 
numbers of subepithelial, intramembranous, 
subendothelial, and perimesangial dense 
(immune) deposits. Mesangial cell 
interpositioning underneath the capillary loop 
basement membrane is observed in one location. 
Podocyte cell bodies are swollen and have foot 
process effacement. Rare lipid vacuoles are 
present in tubular epithelial cells. 
 
Microbiology 
Lung: A sample of the right cranial lung was 
submitted for aerobic bacterial culture and grew 
moderate numbers of Streptococcus equi subsp. 
zooepidemicus and very small numbers of 
Staphylococcus aureus. 
 
Kidneys: Samples of kidney were submitted for 
aerobic bacterial culture and grew very small 
numbers of mixed growth including 
Streptococcus equi subsp. zooepidemicus, 
Streptococcus viridans, Micrococcus sp. and 2 
colonies each two types of Actinobacillus sp. 
 
Microscopic description: 
One section of kidney is examined in which 
glomeruli are diffusely and globally enlarged and 
hypercellular with variable expansion and 
vacuolation of the mesangial matrix. Capillary 
lumina are frequently obstructed by swollen 
endothelial cells, thickened basement membranes 
and inflammatory cells predominantly composed 
of mononuclear cells and neutrophils. Segmental 
necrosis is prominent throughout glomeruli with 



glomerular tufts and capillary walls being 
replaced by amorphous eosinophilic material 
(fibrin) admixed with nuclear fragments 
(karyolysis). Glomeruli tufts are occasionally 
shrunken, eosinophilic and hypocellular 
(obsolescence). Tubules are ectatic with the 
lumina often containing homogenous to finely 
granular eosinophilic material (protein), red 
blood cells, or sloughed epithelial cells. Tubular 
epithelium demonstrates one of the following 
changes: attenuation and flattening, 
hypereosinophilic epithelial cytoplasm with 
pyknotic nuclei (individual cell necrosis), 
microvacuolated cytoplasm, and slightly 
basophilic cytoplasm with vesiculate nuclei 
(regeneration). Multifocally tubules are replaced 
by fibrosis or separated by clear spaces 
(suggestive of edema) and hemorrhage. The 
perivascular interstitium is multifocally 
infiltrated by small aggregates of lymphocytes 
and plasma cells. 
 
Special stains: 
Kidney (H&E - 2-micron section): The glomeruli 
are hypercellular with scattered nuclear debris. 
Scant inflammatory cells (neutrophils) are noted 

within the affected glomeruli. There is also 
multifocal peri-glomerular fibrosis and 
multifocal interstitial lymphoplasmacytic 
inflammation. Occasionally, there are 
obsolescent glomeruli. Multifocally, renal 
tubules have attenuation and simplification of the 
renal tubular epithelium.  
 
Kidney (Periodic acid-Schiff - 2-micron section): 
The glomeruli are hypercellular but the 
glomerular basement membrane appears 
unremarkable. Mesangial lysis is present in many 
glomeruli. Multifocally, the renal tubules are 
filled with protein droplets indicating protein 
leakage through the filtration barrier.  
 
Kidney (Trichrome – 2-micron section): 
Glomerular fuschinophilic deposits are not 
observed. 
 
Kidney (Jones Methenamine Silver Stain - 2-
micron section): The presence of mesangial lysis 
is accentuated. 
 

Kidney, horse. Glomeruli are hypercellular. There is expansion/effacement of capillary walls by variable combinations and 
concentrations of hemorrhage, fibrin, migrating neutrophils, cellular debris, and hypertrophic endothelial cells nuclei. Bowman’s 
space is filled with high protein exudate and fibrin admixed with cellular debris. The epithelium lining adjacent tubules exhibits a 
variety of degenerative/necrotic changes including cytoplasmic granularity, pyknosis, and nuclear loss. (HE, 225X) 



Kidney (PTAH): Intra-glomerular fibrin 
associated with hemorrhage is present within the 
glomerular tuft. 
 
Immunohistochemistry:  
Kidney (CD204): There were many CD204 
positive macrophages within the affected 
glomeruli. This finding may be indicative of an 
immune response to mesangiolysis. 
 
Kidney (Smooth Muscle Actin): Parietal cells 
within affected glomeruli had positive 
immunoreactivity for smooth muscle actin. This 
finding has been noted in different types of renal 
injury such as glomerulonephritis. 
 
Contributor’s morphologic diagnosis: 

1. Kidney (light microscopy): Severe, 
diffuse, global, acute proliferate 
glomerulonephritis with mesangial lysis, 
hemorrhage, segmental glomerular 
necrosis, tubular epithelial attenuation, 
necrosis, regeneration and loss, and 
protein and cellular casts. 

 
2. Kidney (TEM diagnosis): Severe, global, 

acute immune complex 
glomerulonephritis (ICGN) with 
subepithelial, intramembranous, 
subendothelial and peri-mesangial dense 
deposits. 

 

3. Kidney: Mild, multifocal, chronic 
lymphoplasmacytic interstitial nephritis 
with fibrosis and focal, diffuse, 
glomerular obsolescence. 

 
Contributor’s comment: 
Etiologic agents and exact pathogenesis of 
immune-complex glomerulonephritis (ICGN) in 
animals are not well understood. It has been 
postulated that infectious diseases may provoke 
immune complex deposition within glomeruli 
resulting in glomerular pathology.8 In horses, 
equine infectious anemia (EIA), Streptococcus- 
and herpesvirus antigen-antibody complexes 
have previously been documented to cause renal 
failure resulting from glomerulonephritis.2,5 In 
humans, post-streptococcal glomerulonephritis 
(PSGN) is caused by prior infection with 
nephritogenic strains of beta-hemolytic 
streptococcus. 
 
Human PSGN is associated with a previous skin, 
throat, or respiratory infection by group A 
streptococcus (Streptococcus pyogenes), albeit 
rare reports of groups C or G streptococcus are 
reported.11 An epidemic outbreak in Nova 
Serrana, a small rural Brazilian community 
humans was associated with Streptococcus 
zooepidemicus transmitted during ingestions of 
unpasteurized, mastitic, cow milk.1 
Streptococcus equi subspecies zooepidemicus (S. 
zooepidemicus) is a β-hemolytic, Lancefield 
group C streptococcal bacterium.3  

 
S. zooepidemicus is 
known to be a 

commensal, 
opportunistic 

pathogen in horses 
associated with 
inflammatory airway 
disease in 

Thoroughbred 
racehorses17,18, 

uterine infections in 
mares9,13 and 
ulcerative keratitis4. 
Renal lesions develop 
as a consequence of 
either deposition of 
circulating antigen-

Kidney, horse. Segmental effacement of the glomerular tufts with hemorrhage and fibrin exudation. 
(HE, 257X) 



antibody complexes or from in situ reactions to 
streptococcal antigens. Historically implicated S. 
zooepidemicus antigens include M protein, R 
antigen, and a common protein antigen (CSCA) 
of S. equi and S. zooepidemicus.6,14 Recent 
studies on gene expression of nephritis associated 
plasmin receptor (NAPlr, a glyceraldehyde 3-
phosphate dehydrogenase), the streptococcal 
pyrogenic exotoxin (erythrotoxin) B (SPEB), and 
the SPEB zymogen precursor (zSPEG) in several 
streptococcal strains highlight the growing 
importance of these nephritogenic antigens.11 
 
Light microscopic findings in post-streptococcal 
glomerulonephritis typically shows diffuse 
proliferative and exudative glomerulonephritis 
(GN). Glomeruli are enlarged with global 
endocapillary hypercellularity and variable 
numbers of neutrophils. With time, the 
endocapillary hypercellularity may transitions 
into a predominantly mesangial hypercellularity. 
Rarely do cases demonstrate 
membranoproliferative GN (MPGN). In humans, 
60% of cases had histologic evidence of acute 
tubular injury.10 Immunofluorescence 
microscopy has been extensively studied in 
people demonstrating that in the first 2-3 weeks, 
C3 and IgG deposits in the capillary walls and 
mesangial areas in a finely granular, “starry sky” 

pattern. With time, there is a predominance of C3 
deposition in the mesangium, including 
subepithelial deposits within the mesangial 
“waist”. Coarse to confluent granular staining 
along the glomerular capillary walls (“garland” 
pattern) creates the subepithelial “humps” that are 
the characteristic ultrastructural feature of this 
disease. These can be seen early or late in the 
disease.11 Immunofluorescence was not pursued 
in this case due to the lack of available equine 
antibodies. 
 
Other etiologic agents were considered in this 
case due to the light microscopic findings. A 

Liver, horse. There is focally extensive tubular necrosis and interstitial hemorrhage and fibrin deposition. (HE, 84X) 

Kidney, horse. There is diffuse lysis of the mesangium. (Jones 
Methenamine Silver, 400X) 



comprehensive equine 
upper respiratory 
panel and an equine 
infectious anemia 
ELISA were 
performed to rule out 
herpesvirus and EIA. 
A toxic glomerular 
vasculopathy from 
envenomation was 
also deliberated due to 
the dilated and 
ruptured capillaries 
within glomeruli 
(mesangiolysis and 
capillary ballooning) 
with hyaline casts, in 
addition to the 
echinocytosis. 
Echinocytes (crenated 
erythrocytes) may be 
observed after 
envenomation, 
presumably secondary 
to the action of venom 
phospholipases; 
however, in horses, 
echinocytosis has been 
demonstrated with 
systemic electrolyte 
depletion (endurance 
exercise, furosemide 
treatment, diarrhea, 
and systemic 
disease).7 Ultimately, dense deposits discounted 
this differential since dense deposits should not 
be present in a typical case of envenomation. 
Demonstration of IgG and C3 deposition in the 
renal glomerulus could provide confirmatory 
evidence that the glomerular pathology is due to 
an immune response. Regardless, pulmonary and 
renal culture results are highly suggestive of a 
post-streptococcal glomerulonephritis. 
 
Contributing Institution: 
University of California, Davis 
https://www.vetmed.ucdavis.edu/hospital/suppor
t-services/lab-services/anatomic-pathology-
service 
 
 

JPC diagnosis: 
Kidney: Glomerulonephritis, proliferative and 
with superimposed microangiopathy, diffuse, 
severe, with tubular degeneration, necrosis, and 
regeneration, proteinosis, and red cell casts. 
 
JPC comment: 
The contributor provides a concise summary of 
immune-complex glomerulonephritis. In addition 
to post-streptococcal glomerulonephritis, the 
most common causes of type III hypersensitivity 
reactions include serum sickness, systemic lupus 
erythematosus, farmer's lung (hypersensitivity 
pneumonitis), and rheumatoid arthritis. Common 
to all of these etiologies is a similar three step 
process that leads to tissue damage. First, 
endogenous or exogenous antigen triggers 

Glomerulus, horse. The basement membrane is irregularly expanded by variably dense 
intramembranous and subepithelial dense deposits. There is effacement of secondary podocyte foot 
processes and vacuolation and expansion of endothelial cell cytoplasm of endothelial cells at upper 
left). (TEM, bar – 10um) 



antibody formation, usually within 4-10 days. 
Antibodies bind antigen and form circulating 
complexes. Second, when there is a slight excess 
of antigen, the formed immune complexes are 
smaller and filter out of circulation more easily, 
typically in tissues where a filtrate is formed from 
blood, like synovial fluid or urine. This explains 
how joints and glomeruli are primary targets of 
immune complex deposition. Thirdly, the 
classical pathway to complement activation leads 
to the release of C3a and C5a (anaphylatoxins) 
that recruit neutrophils and macrophages which 
cause inflammatory damage to tissues.16 
 
Specific to the proposed pathogenesis of this 
case, Streptococcus equi subsp zooepidemicus 
has a number of identified fibrinonectin binding 
proteins (FNZ/FNE, FNZ2/FNEB, SFS), M-like 
proteins (SzM/SeM, SzPSe/SzP), 
immunoglobulin binding proteins (ZAG), toxins 
(streptolysin S), and a number of superantigens 
(SpeK, SpeL, SzeN, SzeP, SzeF). The 
combination of superantigens and 
immunoglobulin binding proteins make this 
bacterium a potent source of circulating immune 
complexes.15 
 
Human medicine has a long history of 
documenting acute post-streptococcal 
glomerulonephritis (APSGN), but usually caused 
by a group A b-haemolytic Streptococcal 
infection. Starting in the mid-1900's, the 
incidence of APSGN cases began to decline, 
attributed to improved standards of living and 
socioeconomic conditions in most developed 
countries. However, a recent surge of methicillin-
resistant Staphyloccocus aureus infections over 
the last 20 years has changed the epidemiology of 
post-infection glomerulonephritides. While the 
number of veterinary cases of immune complex 
glomerulonephritis attributed to Staphylococcus 
aureus is unknown in large part, the shift 
observed in human clinical medicine may portend 
a shift in our patients as well.12 
 
A portion of the conference discussion centered 
on the capillary thrombi seen in glomeruli. 
Evaluated together with the TEM images 
revealing extensive endothelial damage, this 
consensus was that this horse had a superimposed 

thrombotic microangiopathy (TMA), affecting 
the glomerular and peritubular capillaries. 
 
Leptospirosis was discussed as a possible 
differential diagnosis in this case. The moderator 
more often sees tubulocentric damage associated 
with leptospira, but pathologists located in 
different regions of the United States have seen 
glomerular-centric cases of equine leptospirosis, 
which also lead to glomerular microthrombosis. 
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CASE 4: 8002353 4001 33 ABL (4136107-00) 
 
Signalment: 
14-month-old male Beagle dog (Canis familiaris) 
 
History: 
The dog was part of a 13-week toxicity study. On 
Day 68 of the study, the animal appeared to be in 
some discomfort, voided a small amount of red 
urine in a discontinuous stream, and then 
exhibited transient tremors and adopted the 
“prayer stance” suggestive of abdominal pain. 
The animal was subsequently removed from 
study and humanely euthanized.  
 
Gross Pathology: 
Expanding and partially effacing the urinary 
bladder mucosa in the area of the trigone and the 
prostate was a firm 5.5x4x3 cm, variably pale tan 
to dark red, multilobular mass that protruded and 
partially obstructed the neck of the bladder and 
urethral lumen. The bladder lumen was dilated, 
and the mucosa of the adjacent bladder and 
urethra were discolored dark red and were mildly 
gelatinous (edematous). The left kidney was 
mildly enlarged, and the left renal pelvis and 
ureter were moderately dilated (hydronephrosis 
and hydroureter).  
 
 

Urinary bladder, dog. There is a large polypoid neoplasm 
effacing the wall and extending into the lumen within the 
trigone. (Photo courtesy of: Takeda Pharmaceuticals 
International Co., 35 Landsdowne St. Cambridge, MA 
02139 https://www.takeda.com/) 



Laboratory results: 
Prior to study initiation, urinalysis, hematology, 
and serum chemistry was performed. Notable 
results on urinalysis consisted of 3+ to 4+ blood 
and protein, with abundant red blood cells and 
fewer white blood cells present in urine sediment. 
On hematology and serum chemistry were 
minimally decreased red blood cell parameters 
(red blood cell count, hemoglobin) and evidence 
of inflammation consisting of mildly elevated 
total white blood cells 
attributable to increases 
in neutrophils and 
monocytes, and 
decreased albumin to 
globulin ratio 
attributable to both 
increased serum 
globulins and decreased 
serum albumin. These 
analyses were repeated 
on Day 68 of the study 
and the results were 
similar to the pre-study 
timepoint. 
 
 

Microscopic description: 
Urinary bladder: Partially effacing the wall of the 
bladder in the area of the trigone, elevating the 
overlying urothelium, and extending into the 
bladder and partially obstructing the urethral 
lumen, was a poorly demarcated, unencapsulated 
neoplasm composed of cells exhibiting various 
morphologies. The majority were small, 
polygonal, undifferentiated cells with minimal 
cytoplasm, compact round nuclei with moderate 
mitotic rate (7/10 HPF), in nests and packets 
separated by fine fibrovascular stroma. In some 
areas, particularly in areas underlying the 
urothelial mucosa, the neoplasm was composed 
of sheets of sparse pleiomorphic spindle to 
stellate cells with low mitotic rate (<1/10/HPF) 
embedded in abundant myxomatous matrix. 
Elongated, rarely multinucleated cells with large 
round to oval vesicular nuclei and visible 
cytoplasmic striations (“strap cells”) were 
occasionally present in these areas. Minimal 
mixed inflammatory cell infiltrates were 
scattered throughout the section. The superficial 
aspect of the tumor that was protruding into the 
bladder lumen was necrotic and hemorrhagic, and 
the overlying urothelium was absent (ulcerated). 
In other areas the urothelium was variably 
hyperplastic or vacuolated.  
 
 
Contributor’s morphologic diagnosis: 
Urinary bladder: Botryoid rhabdomyosarcoma 
 

Urinary bladder, dog. A section of urinary bladder is 
submitted for examination. The submucosa is diffusely 
expanded by an infiltrative densely cellular neoplasm which 
throws the overlying mucosa into variably sized polyps and 
focally effaces the underlying smooth muscle. (HE, 6X) 

Urinary bladder, dog. Neoplastic cells are densely packed in small streams and bundles with small 
amounts of fibrillar cytoplasm, prominent nuclei and nucleoli, and a high mitotic rate. (HE 400X) 



Contributor’s comment: 
This is the classic presentation for spontaneous 
canine botryoid rhabdomyosarcoma: a 
multilobular “grape-like” mass at the trigone of 
the bladder in a young dog. These tumors are rare 
overall (<0.5% of all bladder tumors) but are 
most commonly reported in dogs less than two 
years old with some predilection for larger breeds 
such as Saint Bernards. However, sporadic 
reports of occurrence in small breeds and in other 
species (horse) are also present in the literature.15 
Other types of rhabdomyosarcoma include 
embryonal, alveolar, or pleiomorphic. The 
clinical significance of the different histologic 
types in the dog is unknown; in humans the 
alveolar variant is associated with poor 
prognosis.2 
 
Although to the authors knowledge botryoid 
rhabdomyosarcoma has not been reported in the 
beagle, there is one case report of a beagle with 
cardiac alveolar rhadbdomyoma.  
 
Histologically, the cells comprising botryoid 
rhabdomyosarcoma resemble variably 
differentiated myoblasts (small polygonal cells) 
to skeletal myocytes, and the presence of well-
differentiated strap cells containing cross-
striations is characteristic. Consistent with a 

proposed origin of remnant embryonic 
myoblastic cells, these tumors may be variably 
positive for immunohistochemistry markers of 
mesenchymal cells and skeletal muscle based on 
the degree of differentiation (vimentin, desmin, 
S100, myoglobin, myogenin, or MyoD 
immunohistochemistry and PTAH special stain), 
and are negative for markers of epithelial cells or 
smooth muscle (cytokeratin, αSMA).8 This case 
was strongly desmin positive, multifocally PTAH 
positive only in more differentiated areas of the 
tumor, inconclusive for myoglobin, and αSMA 
negative.  
 
Metastasis has been reported with botryoid 
rhabdomyosarcomas but is generally considered 
rare with this tumor type. However, given the 
location of the tumor surgical resection is often 
challenging and local complications such as 
urinary obstruction are common clinical 
sequela.1,13 Other common clinical 
manifestations, some of which were present in 
this dog, are cystitis and 
hydronephrosis/hydroureter, as well as peripheral 
fibromatosis and hypertrophic osteopathy.16 
 
The macroscopic, multinodular appearance of a 
mass in the trigone of the bladder of a young dog 
is highly suggestive of botryoid 

Urinary bladder. In areas of lower cellularity, multinucleated “strap cells” are best visualized. (HE, 397X) 



rhabdomyosarcoma. Differential diagnoses for a 
mass in this location may include transitional cell 
carcinoma, leiomyosarcoma, other primary or 
secondary tumors reported in the bladder of dogs 
(e.g. histiocytic sarcoma, lymphoma, 
osteosarcoma, hemangiosarcoma, etc.), 
inflammatory cystitis, or extension of prostatic 
neoplasia, e.g. squamous cell carcinoma.6,17 
Unless the rhabdomyosarcoma is highly 
undifferentiated, each of these has histologically 
distinct features. 
 
Contributing Institution: 
Takeda Pharmaceuticals International Co. 
35 Landsdowne St. Cambridge, MA 02139 
https://www.takeda.com/ 
 
JPC diagnosis: 
Urinary bladder: Botryoid rhabdomyosarcoma. 
 
JPC comment: 
Canine rhabdomyosarcoma is most often found in 
laryngeal and cardiac tissues, but the botryoid 
variant arises most commonly in the trigone of 
the urinary bladder and urethra. However, it is 
also rarely reported to arise in the uterus and 
vagina. 
 
In human medicine, an additional differential 
diagnosis is fibroepithelial polyp. A recent case 
illustrated a growth in the urinary bladder with 
prominent botryoid features and an embryonal 
rhabdomyosarcoma pattern, though lacking 
nuclear or cellular atypia. Sequencing the 
affected tissue revealed two pathogenic 
mutations in the dicer1 ribonuclease III 
(DICER1) gene. While we rarely sequence 
tissues for routine diagnosis, it remains possible 
that this mutation or similar may cause pathology 
that mimics botryoid rhabdomyosarcoma.5 
 
Rhabdomyosarcoma arises in many species, in a 
variety of tissues. In horses, botryoid 
rhabdomyosarcoma has been reported in the 
uterus and urinary bladder, with embryonal 
rhabdomyosarcomas arising most often in the 
tongue and limb muscles.3 Rhabdomyosarcoma 
has also been reported in cats10, sheep4, goats9, 
mice (rare natural occurrences; frequent in 
experimental models)12, pigs4, cattle4, and brook 
trout.14 

 
As correctly identified by the resident, the 
moderator emphasized that the correct 
terminology is now "urothelial cell", which 
replaces "transitional cell" when referencing the 
urinary epithelial cell layer. 
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1. Besides the horse, Actinobacillus equuli causes polyarthritis in which of the species listed below? 
a. Cattle 
b. Sheep 
c. Poultry 
d. Swine 

 
2. In the Norwegian Yorkshire model, the glomerulopathy known as Dense Deposit Disease is the 

result of a primary deficiency of what? 
a. C3 
b. S protein 
c. Factor B 
d. Factor H 

 
3. Which of the following types of glomerulonephritis is most commonly seen following 

Streptococcal infections in the horse? 
a. Membranous 
b. Proliferative and exudative 
c. Minimal change 
d. Membranoproliferative 

 
4. In botryoid rhabdomyosarcoma, which of the following would be expected to be negative? 

a. Desmin 
b. Myogenin 
c. Smooth muscle actin 
d. Myogenin 

 
5. In the dog and horse, botryoid rhabdomyosarcoma has also been reported in which of the 

following ? 
A.  Uterus 
B.  Larynx 
C.  Kidney 
D.  Middle ear 

 

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 2020-2021 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 1: MK1905835 (4151722-00) 
 
Signalment: 
18-year-old female squirrel monkey, Saimiri 
sciureus  
 
History: 
Euthanized for because of cardiac enlargement 
and symptoms of heart failure. 
 
Gross Pathology: 
The heart was severely enlarged at 1.25% of body 
weight and thoracic and peritoneal effusion was 
present. The left ovary was found to be enlarged 
due to 7 mm diameter, firm, tan nodule with an 
irregular surface. The cut surface was solid. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
(Slides may have one or two sections of ovary) 
The tumor is well-demarcated and compresses 
adjacent ovary. It consists of widely separated 
follicle-like structures separated by bands of 
stroma. Most of the follicles are oval but some are 
irregular in shape. Some are cystic. Neoplastic 
cells line up perpendicular to the stroma; 
occasional rosettes are present. They are 
composed of cuboidal cells with scant 
eosinophilic cytoplasm. Nuclei are round to oval 
with inconspicuous nucleoli. PAS stain reveals 

some of the rosettes contain PAS positive 
material. The stromal cells are elongated. Stroma 
is composed of elongated spindle cells and 
numerous tubules. Mitotic figures are not 
observed. 
 
Remaining ovary has hyperplasia of follicles the 
predominance of which lack ova and/or 
progression to antral follicles. The periphery of 
the ovary has small numbers of primary follicles. 
The uterus has normal endometrium 
myometrium. 
 

Ovary, squirrel monkey. The left ovary is enlarged with a 
7mm nodule. (Photo courtesy of: NIH, Division of Veterinary 
Medicine, Diagnostic and Research Services Branch, 28 
Library Drive, Bethesda, Maryland 20892) 



Contributor’s morphologic diagnosis: 
Ovary: Granulosa cell tumor. 
Ovary: Granulosa cell hyperplasia, senescent 
change. 
 
Contributor’s comment: 
Ovarian tumors can arise from the outer 
epithelium (papillary cystadenoma, 
cystadenocarcinoma), the interior sex cords and 
stroma, and germ cells (dysgerminoma and 
teratoma). “Sex cord” is a term that denotes the 
possible embryologic origin of cells in the 
mesonephros.14 SCSTs are the most commonly 
reported ovarian tumor in macaques.4 They have 
been reported in rhesus, stump-tailed and bonnet 
macaques, baboons, gibbons and 
chimpanzees.3,12 
 
Sex cord stromal tumors (SCST) are classified as 
either granulosa tumor (GCT), thecoma, or 
luteoma. GCT are often cystic and exude bloody 
fluid on cut section. They can be hormonally 
active and cause either hyperestrogenism or 
masculine behavior. They can develop from 
ovarian remnants. The follicular structures that 
they form often have rosettes with eosinophilic 
material in the center, (Call-Exner bodies). They 
can be either benign or malignant. GCT are 
commonly reported in cows, mares and dogs.7,14 
Inhibin produced by GCT which can cause 
atrophy of the opposite ovary.16 
 
Other subtypes of SCST’s include thecomas, 
luteoma, and Brenner’s tumor (a type of epithelial 
stromal tumor). Thecomas have spindle shaped 
cells that are often vacuolated due to lipid. They 
tend to be solid. Luteomas have luteinized cells 

with abundant cytoplasm.3,4,7,12 The latter two 
tumors are benign. 
 
Also described in older squirrel monkeys is the 
proliferation of anovulatory follicle-like clusters 
of granulosa cells in the opposite ovary.3 An early 
paper describes granulosa cell aggregates in both 
ovaries; this may have been the hyperplastic 
lesions that we see in this case.14 A retrospective 
study of archived squirrel monkey ovaries found 
the granulosa cell proliferation was consistent 
feature starting at 8 years old. These occur prior 
to loss of reproductive ability and may be a 
feature of aging ovaries in this species. They are 
positive for anti-Müllerian hormone.16 
 
In this case, the tumor is primarily solid with 
abundance of very cellular stroma suggests a 
granulosa-theca tumor. The ovary of a different, 
17-year-old squirrel monkey has similar 
proliferation of anovulatory follicles. 
 
Contributing Institution: 
NIH, Division of Veterinary Medicine 
Diagnostic and Research Services Branch 
28 Library Drive 
Bethesda, Maryland 20892 
 
JPC diagnosis: 
Ovary: Sex cord stromal tumor (granulosa-theca 
cell tumor). 
 
JPC comment: 
Granulosa cell tumor (GCT) is most common in 
the mare,7,15 but also occurs with some frequency 
in the cow,7,15 the queen,2 the gerbil,9 and 
nonhuman primates.5 Less frequently, GCT has 

Ovary, squirrel monkey: Two sections of the affected ovary 
and a section of fimbria are submitted for examination. (HE, 
6X) 

Ovary, squirrel monkey. The neoplasm is composed of 
granulosa cells in two distinct patterns – large follicles and 
intervening nests and packets. (HE, 100X) 



been reported in the rock hyrax,1 the Longjaw 
mudsucker fish (Gillichthys mirabilis),8 and some 
prosimians (Lesser bushbaby, Pygmy slow loris, 
Slender loris).11 
 
In humans, GCT are classified into two groups. 
The first primarily affects post-menopausal 
women and has an association with a mutation in 
FOXL2, and the second is a juvenile type that 
primarily occurs in children and young adults and 
is not associated with FOXL2 mutation. 
Immunohistochemical stains such as inhibin, 
calretinin, steroid-factor-1 (SF-1), and FOXL2 
are usually positive in sex cord-stromal tumors, 
while epithelial membrane antigen (EMA) is 
usually negative. However, the availability of 
validated products may limit their use in 
veterinary cases.6 

With a variety of hormone receptors on granulosa 
cells, and the hormones produced by these cells, 
hormone therapy has been explored as a 
treatment modality. Previous methods have 
focused primarily on gonadotropin releasing 
hormone (GnRH) agonists/antagonists, estrogen 
antagonists, and synthetic progestins, but have 
met with limited success. Androgen antagonism 
has seen success in prostate, breast, and 
endometrial carcinoma, but has efficacy in the 
treatment of GCT has not yet been explored. Also 
recently explored is immunotherapy targeting the 
programmed cell death 1/programmed cell death 
ligand 1 relationship, with one study 
(NCT02923934) currently in Phase 2 trials.12 

Epidermal growth factor-like domain-containing 
protein 7 (EGFL7) is a critical oncogene in the 
development of several cancers and its expression 
is a predictive biomarker for cervical cancer. 

MicroRNA 126 (miR-126) embeds in the 
genomic region of EGFL7, silencing expression 
of this gene in pleural mesothelioma. Using 
fluorescent in situ hybridization (FISH), it was 
discovered that expression of miR-126 was 
significantly lower in malignant and benign GCT 
tissues than non-neoplastic ovarian cyst tissue. A 
mouse model with overexpression of miR-126 
resulted in significantly smaller tumors than in 
control mice, suggesting the possibility of miR-
126 as a new biomarker for GCT. This also may 
represent a future therapeutic avenue to explore.16 
 
Conference discussion included the paraovarian 
cyst in section, and its possible origins. Cysts 
arising from the mesonephric tubules include 
cystic epoophoron, cyst rete ovarii, extraovarian 
rete cyst, and cystic paroophoron. Mesonephric 
duct cysts arise from peristent mesonephric ducts, 
and fimbrial cysts and hydatid of Morgagni arise 
from paramesonephric ducts. 
 
This case includes a prominent thecal component, 
which is consistent with many canine sex cord 
stromal tumors. While often called simple 
granulosa cell tumors, in order to more fully 
capture the thecal component we prefer the 
diagnosis above. 
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CASE 2: 72739 (4155463-00) 
 
Signalment: 
16-week-old female FVB/N mouse (Mus 
musculus) 
 
History: 
50 female FVB/n mice were sedated with 
ketamine/xylazine and inoculated with Her2-
positive mammary gland tumors (MGT) on the 
4th right mammary fat pad. All animals were 
expected to develop MGT, however only 50% of 
animals did. Those that developed tumors took 
twice as long as normal to reach experimental 
manipulation size, and most had tumor regression 
approximately 2 weeks afterwards. 3/8 control 
animals had masses in abdominal cavity.  
 
 
 

Ovary, FVB mouse. Multiple sections of an ovarian mass are 
submitted for examination. With the exception of the most 
peripheral section at upper left, normal ovarian architecture 
is missing. (HE, 6.3X) 



Gross Pathology: 
A 1.9 x 1.1 x 1.0 cm round, soft, tan to pink 
multinodular mass is present in the area of the left 
ovary. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Ovary and oviduct. Effacing greater than 95% of 
the ovarian tissue is an infiltrative, 
unencapsulated, poorly demarcated, variably 
cellular and cystic, neoplasm composed of well-
differentiated tissues from three primordial germ 
cell layers. Ectodermal elements include neural 
tissue comprised of neurons, glial cells, and 
clusters of small, hyperchromatic primitive 
neuroblastic cells embedded in neuropil, and 
numerous ependymal-lined cysts of varying size, 
up to 1 mm in diameter. These cysts are lined by 
columnar, ciliated cells and contain moderate 
amounts of basophilic material and degenerate 
cellular debris. Additional ectodermal elements 
include multiple cysts lined by stratified 
squamous epithelium with occasional 
keratohyaline granules that exhibit gradual and 
abrupt keratinization and contain variable 
amounts of lamellated keratin, debris, and 
degenerate cells. Endodermal elements include 
numerous variably sized cysts up to 3 mm in 
diameter which are lined by ciliated, 
pseudostratified columnar epithelium with 
interspersed goblet cells (respiratory epithelium), 
and mucous and serous mixed glands of variable 
maturity, arranged in haphazard acini along a 
larger duct. Cysts contain variable amounts of 
basophilic mucinous material to eosinophilic 
proteinaceous material, with scattered degenerate 
cells. Mesodermal elements include rare scattered 

bundles of smooth muscle and scattered foci of 
variably mature cartilage. Mitotic figures are rare. 
A few scattered ovarian follicles ranging from 
primordial to late primary maturity are present on 
the slide, as well as multiple cross sections of 
oviduct. 
 
Contributor’s morphologic diagnosis: 
Ovary: teratoma 
 
Contributor’s comment: 
Teratomas are a type of germ cell tumor that 
exhibit somatic cell differentiation with elements 
of at least two embryonic germ layers (ectoderm, 
mesoderm, endoderm).1,3 Primordial germ cells 
must migrate within the embryo to reach the 
gonads, and as a result teratomas can arise 
anywhere along this migration path, in addition to 
presentation within gonadal tissue.14 Teratomas 
of the ovary are rare in domestic animals but have 
been reported in many species, most commonly 
in the bitch and cow.1,11 
 
FVB/N mice express the Fv-1b allele, which 
allows for susceptibility to the B strain of Friend 
Leukemia virus. This strain of mice is used for 
transgenic studies due to traits of super-fecundity, 
a large pronucleus in fertilized zygotes, and 
survivability of embryos following injection.10,15 
In studies of spontaneous pathology in FVB/N 
mice, ovarian teratomas have been reported at a 
rate of 2%, whereas male FVB/N mice are 
thought to be resistant to testicular teratomas.5,7,10 
However, these studies were conducted in aging 
mice and retired breeders, all at least 14 months 
of age. In this case, the animals were only 16 
weeks old. Tumor frequency in this cohort was at 

Ovary, FVB mouse. Cysts lined by ciliated ependyma are 
embedded in neuropil populated by small neurons, 
astrocytes, and oligodendroglia. (HE, 400X) 

Ovary, FVB mouse. Nests of primitive neuroepithelium, 
some differentiating to ependymal cysts, are embedded 
within the neuroepithelium. (HE, 400X) 



least 4%, potentially higher but unable to be 
determined due to lack of availability of tissues. 
 
Spontaneous ovarian teratoma development in 
mice is rare. In order to study the human 
condition, transgenic mouse models have been 
generated which have led to genetic associations 
with teratoma development. These include 
deficiency in c-mos, a serine kinase that is 
required for arrest of meiosis II. Lack of this 
enzyme is associated with development of 
parthenotes, which are thought to further progress 
to teratomas.2,4 Bcl-2 is an outer mitochondrial 
membrane protein that acts to suppress apoptosis. 
In studies where transgenic mice overexpressed 
Bcl-2 in ovarian granulosa cells, there was 
increased teratoma development.4,6 In a mouse 
model overexpressing alpha and beta chains of 
human chorionic gonadotropin, teratomas were 
thought to be a result of progression of luteomas, 
which occurred with increased frequency.4,8 In a 
study investigating the role of signal transducer 
and activator of transcription 1 (STAT1), ovarian 
teratomas formed in a group of animals with an 
FVB/N background that were also 
overexpressing MMTV-neu, the rat homologue 
of mouse erbB2 oncogene. Animals with normal 
levels of STAT1 did not develop teratomas, nor 
did animals deficient in STAT1 that were of 
C57BL6 background that did not overexpress 
MMTV-neu.4 Interestingly, the studies 
investigating BCL-2 and human chorionic 
gonadotropin also used mice with an FVB/N 
background. 
 
 
 
 

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: 
Ovary: Teratoma. 
 
JPC comment: 
Luckily, this entity is distinct from the 2014 
movie "Teratoma", a 15-minute comedy from 
Poland. Teratomas are one of the more publicized 
tumors seen in humans, as the discovery of teeth 
and hair are surprising in the non-medical 
population. The word "teratoma" is derived 
largely from its root, terato-, which is Greek 
(τέρας) for "monster." While not monstrous 
themselves, their description can be a large task. 
Because they are derived from germ cells of the 
endoderm, mesoderm, and endoderm, knowing 
the lineage of different tissues is important. 
Potentially helpful mnemonics for derivatives of 
germ layers is offered. 
 
ENDODERM: "endernal organs", a play on 
"internal". These include most internal organs 
and their linings, such as the gastrointestinal tract, 
liver, pancreas, and the respiratory system. 
 
MESODERM: Muscle, Endothelium, Spleen, 
Ovaries and other gonads, Ducts of genital 

Ovary, FVB mouse. Cysts of stratified squamous epithelium, 
filled with lamellated keratin and occasionally infiltrated by 
neutrophils (left) are scattered throughout the neoplasm 
(HE, 400X) 

 

Ovary, FVB mouse. Occasional cysts are lined by ciliated 
columnar respiratory epithelium throughout which are 
scattered mucin-containing cells. (HE, 400X) 



system, Endothelium of lymphatics, Renal, Male 
gonads 
 
ECTODERM (7E's): Epidermis, Epithelial 
linings of external orifices, Ear, eye, and nose 
sensory tissues, Enamel of teeth, Exocrine 
glands, Encephalon (CNS), Eye lens 
 
This is by no means complete but may assist in 
the quick classification of tissues. 
 
Teratomas are classified into either mature or 
immature, with a histologic grading criterion 
attached to the latter. Mature teratomas are 
exclusively composed of mature tissues and are 
most often cystic (mature cystic teratoma) but can 
be solid (mature solid teratoma). While most 
often benign, malignant transformation can 
occur. The immature teratoma is defined as 
containing variable amounts of immature 
(usually primitive/embryological 
neuroectodermal) tissues. Both a three-tier and 
two-tier grading schemes have been used for the 
immature teratoma, with good correlation 
between tumor grade and prognosis.9 
 
Recent investigative efforts have focused on 
melanoma-associated antigen A2 (MAGEA2) and 
pre-mRNA processing factor 4 (PRPF4) genes in 
murine embryonal stem cells (mESC) and 
measured teratoma formation. MAGEA2 is 
expressed exclusively in undifferentiated, 
differentiating, cancer cells, and embryonal stem 
cells. Early evidence suggests that increased 
MAGEA2 expression is associated with increased 
proliferative and differentiation ability of stem 
cells. In knockout mice, teratomas were smaller 
and had fewer differentiated tissues within 
tumors.12 Similarly, expression of PRPF4 

decreased with further tissue differentiation, and 
knockout mouse models resulted in decreased 
mESC pluripotency, but increased abnormal 
proliferation.13 These studies, and similar studies, 
illustrate the complexity of embryologic tissue 
differentiation and our current limited 
understanding of the signals required for normal 
maturation. 
 
The moderator mentioned that in the human 
literature, teratomas are starting to be classified 
as prepubertal or postpubertal, with prepubertal 
having more well differentiated tissues. 
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CASE 3: A19-7646 (4134509-00) 
 
Signalment: 
7 months, intersex, English Bulldog, Canis 
familiaris, canine 
 
History: 
A phenotypically female dog was presented for 
routine ovariohysterectomy. The 
surgeon/submitting veterinarian reported 
‘abnormal uterine structure’ and submitted the 
spay specimen in formalin. 
 

Gross Pathology: 
The uterus was small for the age of the dog. Both 
uterine horns had segmental flattening or 
narrowing. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Both gonads were ovotestes. The ovarian 
component, toward one end of the section, 
included follicles in various stages of 
development and two small corpora lutea. The 
testicular component consisted mainly of 
interstitial cells with scattered seminiferous 
tubules lined exclusively by Sertoli cells. One 
gonadal section includes pampiniform plexus and 
epididymis. The uterus (not included in the 
submitted slide) was poorly developed with few 
endometrial glands and small diameter. Some 
segments of both uterine horns lacked an 
apparent lumen, depending on the plane of 
section. 
 
Contributor’s morphologic diagnosis: 
Ovotestis 
 
Contributor’s comment: 
This dog has ovotesticular disorder of sexual 
development (DSD). Both gonads were 
ovotestes. The uterus was hypoplastic. External 
genitalia were reportedly female. The sex 
chromosome type was not determined. Estrous 
cycle history was not provided, but the presence 
of corpora lutea indicates that ovulation had 
occurred. In contrast, spermatogenesis was not 
evident in the testicular component of the gonad.  
 
Ovotestes have been reported in both XX and XY 
dogs, and in XX/XY feline chimeras.7 They can 
be unilateral or bilateral, but the genetic basis for 
their development has not been determined in 
dogs.3,4,7,11 Testicular or ovotesticular DSD has 
been identified in XX dogs of numerous breeds,7 
but apparently has not been reported in the 
English Bulldog. In reported cases, the diagnosis 
was made between 6 months and 4 years 
age.1,2,5,6,9  
 
Ovarian tissue is usually in the cortex of the 
gonad at one end, with testicular tissue in the 



medulla at the opposite end.3,4 In a study of 
gonadectomy specimens from ten phenotypic 
bitches with testicular or ovotesticular DSD, both 
gonads of 6 dogs were testes, 2 dogs had bilateral 
ovotestes, 1 had a testis and an ovotestis, and 1 
had gonadoblastoma in one of two testes.2 In that 
and other studies, the testicular component of the 
ovotestis was unremarkable except for the lack of 
spermatogonia or any evidence of 
spermatogenesis. In contrast, the ovarian 
component is typically functional with follicles in 
various stages of development and corpora lutea. 
 
Contributing Institution: 
Purdue University 
Animal Disease Diagnostic Laboratory: 
http://www.addl.purdue.edu/ 
Department of Comparative Pathobiology: 
https://vet.purdue.edu/cpb/ 
 
JPC diagnosis: 

1. Gonad: Ovotesticular disorder of sexual 
development. 

2. Gonad: Ovarian hypoplasia. 
 
 

JPC comment: 
This uncommon disorder of sexual development 
is not limited to canine species. While most cases 
of ovotestes are usually limited to having germ 
cells of either of one sex, there are rare reports of 
having male and female germ cells present. In a 
described case of ovotestis in a Loxechinus albus 
sea urchin, both spermatozoa and primary 
oocytes were present in close proximity to each 
other.8 This condition appears to be rare in 
Echinodermata, but ovotestis is ubiquitous and 
normal in Mollusca. Pulmonates (snails and 
slugs) are hermaphrodites, using their ovotestis as 
the source of both oocytes and sperm. In the case 
of mating, body size is usually the determining 
factor for which snail supplies the ova or sperm, 
with larger snails acting as female and smaller 
snails acting as male.10 
 
Endocrine disrupting chemicals (EDC) can have 
an extensive effect within populations of aquatic 
animals. These chemicals are part of a vast array 
of pharmaceuticals, plastics, household products, 
flame retardants, and accumulate within the 
aquatic environment through urban and 
agricultural run-off. One of the more potent 

Gonad, dog. A single section of aberrant gonad is submitted for examination. Ovarian tissue at upper left includes two large 
follicles and a nodular corpus luteum; testicular tissue at lower life includes seminiferous tubules embedded in interstitial cells, 
and epididymal tubules at upper right. (HE, 9X) 



EDCs is 17-a-ethinylestradiol (EE2), a synthetic 
analog of estrogen 17b-estradiol (E2). Observed 
effects in fish include decreased fertility, 
modulation of steroid levels, feminization, and 
cases of intersex presentation or sex reversal. 
Proteomic investigation using the mangrove 
rivulus (Kryptolebias marmoratus), one of only 

two hermaphroditic vertebrates capable of self-
fertilization (sister species K. hermaphroditus), 
showed that early exposure to EDCs significantly 
changed the protein profile of the brain, liver, and 
ovotestes. Lower doses primarily affected brain 
and liver proteomes, but higher doses altered the 
ovotestis proteome with a dose-dependent 

Gonad, dog. Tortuous anastomosing seminiferous tubules (center) are surrounding by interstitial cells and are devoid of 
developing spermatogonia. (HE, 9X) 

Gonad, dog. Two follicles (upper right and left) and a corpora luteum are embedded among testicular interstitial cells (HE, 69X) 



response pattern. It is likely that estrogen-
dependent pathways, such as lipid-metabolism, 
inflammation, and the innate immune system 
remain affected months after exposure to EDCs.13 
 
Recent work with rabbits has yielded a potential 
animal model for DSD due to mutations in the 
SRY gene on the Y chromosome. Inducing 
clustered regularly interspaced short palindromic 
repeats (CRISPR)/Caspase 9-mediated mutation 
of the HMG region of SRY, rabbits developed 
ovotestis, testis, ovary, and uteri simultaneously. 
By demonstrating the ability to manipulate these 
genes, this may represent an avenue for further 
research of disorders of sexual development in 
animals and humans.12 
 
The moderator emphasized the changes in 
terminology for classification of these disorders. 
True and pseudohermaphrodite and intersex are 
no longer preferred terms and are replaced by a 
collection of characteristics and traits. Disorders 
of sexual development are characterized by sex 
chromosome, SRY status, gonad type, tubular 
genitalia, and external genital phenotype. 
Unfortunately, karyotyping was not available in 
this case. 
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Gonad, dog. Epididymal tubules are reduced in number, 
embedded in testicular fat, and devoid of spermatozoa. (HE, 
57X) 



 
CASE 4: T2303/14 (4068544-00) 
 
Signalment: 
11 years old, female, Lowchen dog, Canis 
familiaris, canine 
 
History: 
The animal suffered from pyometra and during 
ovariohysterectomy one ovary appeared “quite 
abnormal”. Both ovaries were formalin-fixed and 
submitted for histopathological examination. 
 

Gross Pathology: 
One ovary was 1.5 x 1.5 x 2 cm, with multiple 
small nodules and small cysts (histologically 
unremarkable with follicles and Corpora lutea in 
different stages, not submitted). The other ovary 
was 3 x 3 x 2 cm, with a bramble-like appearance. 
On cut surface multiple cyst-like structures filled 
with greasy brownish material were obvious. 
 
Laboratory results: 
Immunohistochemically endothelium was 
positive for von Willebrand factor and vimentin 
(not submitted). 

Ovary, dog. Intact (left) and cut section of an ovary which is expanded and replaced by numerous 0.5 mm blood filled cysts. (Photo 
courtesy of: Institut fuer Veterinaer-Pathologie, Justus-Liebig-Universitaet Giessen, Frankfurter Str. 96, 35392 Giessen, 
Germany, http://www.uni-giessen.de/cms/fbz/fb10/institute_klinikum/institute/pathologie 

Ovary, dog. One section of ovary is submitted for examination. The ovary is effaced by numerous blood filled cysts, some contained 
within other empty cysts. The fimbriae of the oviduct are visible at bottom left. (HE, 6X) 



 
Microscopic description: 
Ovary: Compressing and replacing normal 
ovarian tissue is a 3 x 2 cm, moderately cellular, 
well-demarcated, nodular, unencapsulated 
neoplasm composed of large blood-filled 
vascular spaces measuring up to 500 µm, 
separated by variably sized bands of fibrous 
connective tissue. Neoplastic cells lining the 
blood-filled spaces are flattened and spindeloid, 
with indistinct cell borders, scant amounts of 
fibrillar eosinophilic cytoplasm, elongate nuclei 
with finely stippled chromatin and indistinct 
nucleoli. Mitoses are less than 1 per high power 
field. Few vascular spaces contain thrombi 
measuring up to 0.5 µm, characterized by 
concentrically arranged fibrin with entrapped 
erythrocytes, completely or partially occluding 
the lumen. Multifocally fibrin and stromal 
collagen is replaced by granular basophilic 
material (mineralization). 
 
Contributor’s morphologic diagnosis: 
Ovary, hemangioma, cavernous 
 
Contributor’s comment: 
Ovarian neoplasia is a regularly found condition 
in dogs, but epidemiological data are rare. In a 
statistical analysis of cases of a private diagnostic 

laboratory in Germany the incidence of ovarian 
tumors was low (0.225 %) in a period of 10 
years.10 In the recently published Swiss Canine 
Cancer Registry (1955-2008) tumors of female 
reproductive organs account only for about 0.89 
%.1 
 
Ovarian neoplasia occurs more often in older 
animals. In dogs often owners note behavioral 
changes. Additionally, lactation, vaginal 
discharge or pyometra can be diagnosed. The 
most relevant tumors of the ovarian tissue are 
divided into three broad categories: deriving from 
the surface coelomic epithelium, from the 
gonadal stroma or from germ cells. Nongonadal 
stromal tumors (e.g. vascular, fibroblastic, 
smooth-muscle) are very uncommon in all 
species.3,5,9 
 
Ovarian hemangioma is rare in domestic animals 
with the exception of mature and aged sows, in 
which hemangioma is the most common ovarian 
neoplasia. Tumors are described as globular, well 
circumscribed and tan to red-brown. They are 
located within the ovarian cortex and may occur 
bilaterally. The tumor is composed of well 
differentiated endothelium lining vascular spaces 
and clefts. There are no signs of malignancy.2,6,8 
Vascular hamartomas may also occur in the 

Ovary, dog. Variably-sized cysts are lined by flattened endothelium, filled with blood and polymerized fibrin, and separated bands 
of dense collagen. (HE, 105X) 



ovaries (observed in cows and sows) and a 
distinction between hemangioma and vascular 
hamartoma can be challenging.9 
 
Hemangiomas are more common in dogs as 
benign mesenchymal skin tumors with distinct 
histological subtypes (e.g. cavernous and 
capillary).10 
 
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/instit
ute/pathologie 
 
JPC diagnosis: 
Ovary: Vascular hamartoma. 
 
JPC comment: 
There was spirited debate about how best to 
classify this unusual lesion. The robust, fibrous 
nature of the separating connective tissue, and the 
few retained follicles within the affected tissue 
pushed the moderator and conference participants 
to diagnose vascular hamartoma over 
hemangioma. Unfortunately, additional 
unstained slides were not available for this case. 
However, a short discussion about ovarian 
hemangioma is provided. 
 
Ovarian hemangiomas are rare occurrences, and 
while most often are discovered as an incidental 
lesion in humans, they may present in association 
with other ovarian neoplasms, or as their own 
primary lesion resulting in a mass, pain, ascites, 
and rarely widespread abdominal malignancy. 
Approximately 2/3 of ovarian hemangiomas are 

of the cavernous type, but capillary types are 
found either as the primary type or as part of a 
cavernous type.6 
 
Human ovarian hemangiomas are most often 
found in the medulla or hilus but must also be 
differentiated from the numerous vessels of the 
ovarian medulla of older animals. Some ovarian 
hemangiomas have been associated with stromal 
luteinization, which would need to be 
differentiated from an ovarian steroid producing 
tumor with pseudo-vascular degenerative change. 
Other uncommon vascular tumors reported in the 
ovary include lymphangioma, infantile 
hemangioendothelioma, hemangiopericytoma, 
and glomus tumor.4 
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1. Granulosa cell tumors are considered in which class of ovarian neoplasms.. ? 
a. Epithelial 
b. Sex cord/stromal 
c. Germ cells 
d. Embryonal 

 
2. Teratomas with a substantial component of primitive neuroepithelial tissue are referred to as 

what type? 
a. Mature 
b. Immature 
c. Malignant 
d. Ectodermal 

 
3. The lining of the respiratory tract is derived from what cell lines? 

a. Ectodermal 
b. Mesodermal 
c. Endodermal 

 
4. In dogs, ovotestes have not been seen in which of the following genotypes? 

a. XX 
b. XY 
c. XX/XY female chimera 
d. XX/XY male chimera 

 
5. Ovarian hemangiomas are most commonly seen in which of the following species. ? 

A.  Dog 
B.  Pig 
C.  Ox 
D.  Cat 

 

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 2020-2021 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 1: F4/19 (4136413-00) 
 
Signalment: 
10-week-old female domestic pig, mixed breed, 
Hampshire/Yorkshire/Landrace, Sus scrofa 
domesticus 
 
History: 
Previously healthy pig that suddenly developed 
dyspnea and became lethargic. Its ears and snout 
were cyanotic. The pig was euthanized the same 
day as clinical signs appeared and submitted for 
necropsy.  
 
The farm at which the pig was raised was a piglet 
producer with approximately 360 sows. Lately 
they had had several pigs showing similar kind of 
symptoms.  
 
Gross Pathology: 
Bilaterally the pinna and the snout were cyanotic. 
Main findings were located to the thoracic cavity, 
which contained approx. 1 dl of clear yellow 
tinted fluid with gelatinous proteinaceous 
material. The visceral and parietal surfaces of the 
pericardium were diffusely covered by a thin 
layer of fibrinous exudate. The heart was 
moderately enlarged with a moderate 
hypertrophy of the left ventricular wall. The 
entire left atrioventricular valve was covered by 
multiple, raised, irregularly shaped, pale light 

yellow-gray, friable vegetations ranging from 1 
mm in diameter to 2 x 2 x 1 cm in cross section.  
 
In the renal cortices bilaterally, there were 
multifocal pale foci, approximately 2-10 mm in 
diameter. 

Heart, pig. Pericardial sac opened, displaying parts of the 
right and left ventricles. The visceral and parietal surfaces of 
the pericardium were covered with a thin layer of fibrinous 
exudate. (Photo courtesy of: Swedish University of 
Agricultural Sciences; Department of Biomedical Science 
and Veterinary Public Health; Pathology Unit) 



 

Laboratory results: 
Growth of Streptococcus suis in pure culture 
from sample taken from the left atrioventricular 
valve. 
 
Microscopic description: 
The atrioventricular valve is expanded and 
replaced by an excessive accumulation of 
pleomorphic and plump spindle-shaped cells 
(reactive fibroblasts), loose collagen strands and 
small vascular structures outlined by plump 
endothelial cells (angiogenesis) (granulation 
tissue), and in multiple areas, both on the valve 
surface as well as in the center, there are large 
deposits of brightly eosinophilic amorphous 
material (fibrin). In the deposited fibrin there are 
multiple separate round foci and larger coalescing 
areas of coccoid bacteria. Multifocal in the border 
between granulation tissue and fibrin there are 
moderate to large aggregates of degenerative and 
non-degenerative neutrophils. Scattered within 
the granulation tissue are mild to moderate 
infiltrates of mixed inflammatory cells, 
dominated by macrophages with lesser amounts 
of neutrophils, lymphocytes and plasma cells. 
 

Focally, affecting the endocardial and 
subendocardial tissue of the opposing left 
ventricular wall there is a similar inflammatory 
lesion as described above with addition of a 
minor acute hemorrhage. In this region there is 
also mild infiltration of mixed inflammatory cells 
disrupting Purkinje fibers and separating 
cardiomyocytes.  
 
In the myocardium there is an additional focal 
area with reactive fibroblasts, mild infiltration 
with mononuclear cells and cardiomyocytes with 
hypereosinophilic clumped sarcoplasm, some 
with small hypercondensed (pyknotic) nucleus 
(myocardial necrosis). The subepicardial tissue is 
markedly thickened by a similar inflammatory 
lesion dominated by granulation tissue with 
multifocal surface fibrin deposits.  
 
In the ventricular wall of some sections there is 
an intravascular aggregate of hypereosinophilic 
amorphous material (fibrin), focally containing 
coccoid bacteria, attached to the endothelium 
(thrombus). 
 
Contributor's morphologic diagnosis: 
Heart: Pancarditis, fibrinosuppurative, multifocal 
to coalescing, severe, chronic, with granulation 
tissue and intralesional coccoid bacteria. 
 
Contributor's comment: 
In swine bacterial endocarditis is a common 
lesion, and usually detected at postmortem 
inspection of slaughter pigs. Bacterial 
endocarditis in swine typically manifests as 
vegetations involving the cusps of the left 
atrioventricular valve.6,9 In acute bacterial 
endocarditis Streptococcus suis is the most 
commonly found bacteria.8 Apart from 
Streptococcus suis, Erysipelothrix rhusiopathie is 
an important etiologic agent, but the disease can 
also be caused by infection with other 
opportunistic bacteria such as Pasturella 
multocida, Trueperella pyogenes, and 
Staphylococcus aureus, as well as other 
Streptococcus spp.8,9 
 
Worldwide, Streptococcus suis is an important 
swine pathogen, causing septicemia and acute 
death, meningitis, polyarthritis, polyserositis and 
valvular endocarditis, typically in 5–10-week-old 

Heart, pig. Left atrioventricular valve covered by irregular 
friable vegetations. (Photo courtesy of: Swedish University 
of Agricultural Sciences; Department of Biomedical Science 
and Veterinary Public Health; Pathology Unit) 



pigs.4 The bacteria have zoonotic potential and in 
2014 there were estimates of over 1600 
confirmed human cases of Streptococcus suis 
reported in over 30 countries.3 Streptococcus suis 
can be found in clinically healthy pigs as a part of 
the normal bacterial flora in the upper respiratory 
tract. In diseased pigs Streptococcus suis isolates 
typically belong to serotypes 1-9, with serotype 2 
being considered to be the most common and 
virulent subtype in Euroasian countries, and that 
subtype is also responsible for the majority of 
human cases.4  
 
Bacterial valvular endocarditis arises in animals 
with a sustained or recurrent bacteremia. It is 
thought to occur either by adherence of blood 
borne bacteria to a sterile thrombus on a valve 
with a damaged endothelium, or by bacterial 
colonization beginning in the capillaries of the 
valve during septicemia.7,9,11  
 
Emboli from valvular endocarditis can cause 
secondary lesions in other organs. Left sided 
lesions give rise to systemic infarcts, nephritis 
and myocarditis among several possible sequela, 
while emboli arising from a lesion on the right 
side most often leads to complications involving 
the lungs, such as infarcts, abscesses or 
pneumonia.11 
 
 
 
 

Contributing Institution: 
Swedish University of Agricultural Sciences; 
Department of Biomedical Science and 
Veterinary Public Health; Pathology Unit 
 
JPC diagnosis: 
Heart, left ventricle and AV valve: Valvular and 
mural endocarditis and epicarditis, 
fibrinosuppurative, focally extensive, severe, 
with granulation tissue and numerous colonies of 
cocci. 
 
JPC comment: 
Streptococcus suis is a capable bacterium, with a 
wide array of virulence factors that enable 
infections at various sites in pigs and humans. It 
expresses various adhesins, such as fibronectin-
binding protein, enolases, a dipeptidyl-peptidase-
4, glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH), and others, which allow for efficient 
attachment to host cells or extracellular 
components like collagen, fibrinogen, or 
fibronectin. Though more likely in non-
encapsulated strains, S. suis can form a biofilm 
when in the presence of fibrinogen. The 
expression of suilysin, a cytotoxic hemolysin, 
likely enables destruction of epithelial cells and 
allowing S. suis to progress past the epithelial 
barrier. From recent research, suilysin affects the 
proteins of tight junctions, and alters the 
distribution of occludin and zona occludens-1 in 
tracheal epithelial cells.2 The polysaccharide 
capsule is one of the most important virulence 
factors, as it inhibits phagocytosis my 
neutrophils, macrophages, dendritic cells, and 
monocytes, as well as allowing for intracellular 
survival. S. suis has the capacity to degrade 
chemokines such as CCL5 and IL-8, decreasing 

Heart, pig. A section of left ventricle and atrioventricular 
valve is submitted for examination. At subgross 
examination, the AV valve (top) is expanded and variegated 
in color, and the opposing endocardium is expanded and 
pale. The left ventricular epicardium is also expanded. (HE 
6X) 

Heart, left AV valve: The valve is remodeled by proliferating 
granulation tissue. Fibrin and bacterial colonies are at lower 
left. (HE 165X) 



signaling for phagocytes. It also has the ability to 
interact with the complement system by binding 
Factor H, potentially decreasing or removing an 
important regulatory component that limits the 
pro-inflammatory response, which can be 
injurious to the host. Also, in the arsenal of 
virulence factors include several DNases, which 
help S. suis evade neutrophil extracellular traps 
(NETs).5 
 
The extent to which S. suis alters the complement 
pathway is only recently becoming clear, with the 
recent identification of an IgM degrading 
enzyme, designated IdeSsuis. IgM is an 
approximately 1000 times more potent activator 
of the classical complement cascade than IgG, 
with IgM being the first class of antibodies 
produced in response to antigenic stimulation. By 
preventing early opsonization by IgM and 
activation of the complement cascade, the 
bacterium has opportunity to replicate and cause 
increased host tissue damage.10 
 
Often, non-encapsulated S. suis isolates are 
obtained from the heart of pigs at slaughterhouses 
and are considered incidental findings. These 
bacteria are generally considered avirulent. Most 
of these strains have a mutation in the capsule 
gene (cps), and while the capsule does not form, 
the expressed adhesins are more easily able to 
attach to host cells of the heart. However, 
inoculation of mice with an acapsular isolate with 
subsequent culture and passage to new mice 
allowed S. suis to regain the ability to produce a 
capsule. The bacteria cultured and tested in vitro 
did not demonstrate this ability, suggesting the 

host microenvironment is critical for S. suis to 
repair and/or alter its virulence genes.1 
 
There is mild slide variation, and the scanned 
slide has a focus of basophilic material, posited to 
be mineral. While not performed in this case, 
additional stains could have helped determine the 
composition of the material. Von Kossa stains 
stain mineral, but not specifically calcium. 
Alizarin red stain would be an appropriate stain 
to correctly identify calcium mineralizations, if 
available. 
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CASE 2: S 818/19 FB (4152315-00) 
 
Signalment: 
One-day-old, male piglet (Sus scrofa domesticus) 
 
History: 
The piglet from a clinically healthy sow was born 
with multifocal severe skin lesions, affecting the 
whole body and died spontaneously one day post 
natum.  
 
Gross Pathology: 
Macroscopically, the animal showed multifocal 
severe, erythematous maculae covering the whole 
body as well as the tongue and the cranial part of 
the esophagus. Lesions appeared as cutaneous 
and mucosal erythematous, round to coalescing 
papules with a depressed center and a raised, 

wall-like border. Partially, encrusted exudate was 
present on the surface of the alterations. 
 
 
 
Laboratory results: 
Using PCR, swinepox virus was detected in 
samples from representative lesions. 
Microbiologically, a moderate to high amount of 
Escherichia coli, Proteus sp., as well as coliform 
germs were isolated from lung, small intestine, 
liver and skin.  
 
Microscopic description: 
Skin, pinna: there are multifocal complete losses 
of the epidermis including the basal membrane 
(ulceration) with adjacent parts of the epidermis 
detached from the dermis, including areas of 
keratinocytes that show multifocally cellular 
shrinkage with nuclei undergoing karyopyknosis, 
karyorrhexis and karyolysis (necrosis). Multiple 
areas of the remaining epidermis show a 
moderate increase of cellular layers (hyperplasia) 
and cellular swelling with ground glass 
appearance of the cytoplasm and nuclear 
enlargement (ballooning degeneration). Within 
these keratinocytes often eosinophilic, 
cytoplasmic inclusion bodies are present. In 
several locations, the underlying dermis is 
infiltrated by a moderate amount of macrophages, 
lymphocytes and neutrophils, focally 
accompanied by large-scale necrosis. In some 
locations, the inflammatory process involves 

Presentation, piglet. The skin of the piglet is covered by 
erythematous macules with an ulcerated center. (Photo 
courtesy of: Department of Pathology, University of 
Veterinary Medicine Hannover, Buenteweg 1, D-30559 
Hannover, Germany http://www.tiho-
hannover.de/kliniken-institute/institute/institut-fuer-
pathologie/) 

Presentation, piglet. Closeup of ulcerated macules showing 
a wide ulcerated center and a rim of unattached epithelium. 
(Photo courtesy of: Department of Pathology, University of 
Veterinary Medicine Hannover, Buenteweg 1, D-30559 
Hannover, Germany http://www.tiho-
hannover.de/kliniken-institute/institute/institut-fuer-
pathologie/) 



adnexal structures, and occasionally, some of the 
hair follicles show similar alterations as the 
epidermis. 
Contributor's morphologic diagnosis: 
Dermatitis, multifocal, severe, subacute, 
proliferative and ulcerative with ballooning 
degeneration of keratinocytes and cytoplasmic 
inclusion bodies; adnexal structures: folliculitis, 
multifocal, moderate, lympho-histiocytic and 
necrotizing with ballooning degeneration of 
keratinocytes and cytoplasmic inclusion bodies.  
Contributor's comment: 
The swinepox virus is the only member of the 
genus Suipoxvirus in the family Poxviridae and 
the subfamily Chordopoxvirinae.5,7 It occurs 
worldwide, is endemic in regions with intensive 
swine production, and is particularly associated 
with poor sanitary conditions.7,8,9 Pigs are the 
only natural hosts, though earlier studies have 
shown that experimental infection in rabbits is 
possible.3 The resistant virus persists in dried 
crusts from infected animals for up to a year.5,7,12 
Virus transition occurs either by direct contact or 
by mechanical vectors, such as the blood sucking 
swine louse (Haematopinus suis),5,7 mosquitoes 
or biting flies,12 assisting infection by causing 
skin trauma.5,7 

 
In affected herds, the morbidity may reach high 
levels.9 Predominantly, young growing piglets 
are affected but some authors also described 
lesions in neonates, which raises the theory of an 
intrauterine infection.5,7,10 A viremic stage of the 

disease has not yet been reported, although 
transplacental infection suggests its occurrence.12 
The presented case of a one-day-old piglet 
supports an intrauterine infection because the 
histological investigation revealed reactive 
inflammatory changes indicative for a lesion 
duration of more than one day.  
 
Usually, the course of disease is mild with low 
mortality, so the virus has caught rather little 
attention in the past.5,7 The severity is often age-
related, as some authors report more severe 
alterations in younger piglets.9,10 After an 
incubation period of about seven days,13 the 
macroscopic changes typically appear on the 
ventral and lateral abdomen, lateral thorax, as 
well as the medial forelegs, and the thighs. They 
show the typical pattern of pox infections, 
beginning as erythematous papules that transform 
into umbilicated pustules.5,7  
 
In contrast to the pathogenesis of poxvirus 
infections in other species, a vesicular stage is 
insignificant, though some authors reported the 
occurrence of vesicles in individual animals that 
have experimentally been infected.1,3,5,7 After 
healing, a white macule may remain.5,7 
Sometimes the alterations are more prominent on 
the back.5,7 A periodic sequence of lesion 
development may result in multiple stages of pox 
lesions, that can be found simultaneously.13 
 
Secondary dermatitis may accompany the virus-
induced alterations.8,9 In cases of severe 
infections, the lesions may turn out to be 
generalized and affect alongside the integument 
the mucosa of the gastrointestinal tract from oral 
cavity to the stomach as well as the trachea and 

Presentation, piglet. Discrete focally extensive areas of 
lingual ulceration. (Photo courtesy of: Department of 
Pathology, University of Veterinary Medicine Hannover, 
Buenteweg 1, D-30559 Hannover, Germany 
http://www.tiho-hannover.de/kliniken-
institute/institute/institut-fuer-pathologie/) 

Ear pinna, piglet. Two sections of ear pinna are submitted 
for examination. Multifocal ulcerated areas (arrowheads) 
are visible at subgross magnification. (HE, 6X) 



bronchi.5,7,10 Cytoplasmic inclusion bodies may 
be found frequently in keratinocytes of the 
stratum spinosum,1,3,9 however, even intranuclear 
inclusion have been reported sporadically.1 As 
etiological differential diagnosis vaccinia virus 
infection has to be considered as the 
morphological changes are quite similar to 
swinepox induced changes.3,7 Infection of pigs 
with the swinepox virus does not prevent 
infection with vaccinia virus.13 
 
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: 
Ear, pinna, haired skin, epidermis and follicular 
epithelium: Dermatitis, proliferative and 
necrotizing, multifocal, moderate, with 
ballooning degeneration and intracytoplasmic 
viral inclusions. 
 
JPC comment: 
The contributor provides a good summary of 
swinepox. While the primary transmission routes 
are direct contact or through natural vectors, there 
are potential methods of transmission that are not 
often considered. When large ships travel oceans, 
in order to provide stability during the voyage, 
and during loading and unloading operations, 
they have ballast water. Vast quantities of ballast 
water are taken into tanks while the ship is in port, 
which is then pumped between different tanks for 
balance, and often discharged in a destination 
port. This transported water reservoir is the 
potential medium of delivering invasive species, 
as well as infectious organisms. A 

Ear pinna, piglet. At the edge of one of the ulcerated areas, 
keratinocytes at all level of the epidermis and extending into 
the adjacent follicular epithelium exhibit ballooning 
degeneration. (HE, 251X) 

Ear pinna, piglet. In some areas, necrotic and degenerating keratinocytes, are infiltrated by low to moderate numbers of necrotic 
neutrophils admixed with cellular debris. (HE, 251X) 



characterization of ballast water that had arrived 
in Busan, South Korea, a variety of viruses were 
found, including swinepox virus in ballast water 
from a port in Panama. There were a variety of 
other concerning viruses as well, including suid 
herpesvirus 1, Raccoonpox virus, a variety of 
bacteriophages, and a host of viruses that 
typically infect marine invertebrates, amoebas, 
and algae.6 
 
Pox viruses have host specificity, with little 
spillover from the host specific viruses such as 
swinepox virus, sheeppox virus, myxoma virus, 
and yaba monkey tumor virus. Protein kinase R 
(PKR) is a normal and critical part of the host 
immune response and limits viral replication in 
an infected cell by phosphorylating eukaryotic 
initiation factor 2a (eIF2a). Pox viruses produce 
proteins E3 and K3 that antagonize PKR and 
allow viral activity within cells. E3 is a dsDNA 
binding protein that inhibits PKR activation, but 
K3 acts as an eIF2a analog substrate for PKR, 
limiting activation of eIF2a. Using vaccinia 
virus, E3 and K3 genes were deleted, which 
eliminated the virus's ability to replicate. 
Subsequently, E3 and K3 orthologs from host 
specific pox viruses were expressed in the 
modified vaccinia virus, and it was found that the 
expressed K3 orthologs restored the ability of the 
virus to replicate in host specific cells. This 

suggests that the K3 family proteins confer host 
specificity to these viruses.2 
 
Because the swinepox virus genome is so large 
(146kb), is host specific, and usually causes a 
self-limiting form of the disease, it has become an 
ideal candidate for vaccine development. 
Introducing additional DNA (transgenes) into the 
genome is easily performed, and even multiple 
transgenes can be accommodated for multivalent 
vaccine development.4 A variety of recombinant 
vaccines have been investigated, using swinepox 
as the delivery mechanism, such as Streptococcus 
suis, porcine circovirus, swine influenza virus, 
swine infectious gastritis virus, and a number of 
other pathogens.11 This virus is likely to remain a 
useful tool for vaccine development. 
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CASE 3: 17-0646 (4120045-00) 
 
Signalment: 
Female Yucatan mini pigs (Sus scrofa), 7-8 
months of age, 20kg. 
 
History: 
Ten female, 7-8 month old, ~20kg, Yucatan mini-
pigs were purchased from a single vendor. Left 
ulnar nerve transection was performed per 
protocol 26 days after arrival. All pigs recovered 
uneventfully from the experimental procedure. 
All pigs were scheduled to be housed 6 months 
post-surgery with no other procedures performed. 
Approximately two months post-procedure, the 
first lesions appeared in the first pig. Two other 
pigs also developed similar lesions, one of which 
recovered from the first instance and developed 
them a second time. The animal in this report was 
the third to develop the lesions and appeared to 
be the worst affected. All three pigs were treated 
with nystatin-neomycin sulfate-thiostrepton-
triamcinolone acetonide ointment. In addition to 
the ointment, the pig in this case was initially 
treated with silver sulfadiazine ointment. 
 
Gross Pathology: 
Multifocal, 5 mm to 2 cm diameter, vesicles filled 
with thick clear viscous fluid were concentrated 
over the dorsal back with extension down the 
dorso-cranial aspect of both hind legs to within 1 

cm of the coronary band. The vesicles ruptured 
easily resulting in round ulcerated lesions. Two 
10 mm punch biopsies were taken, one from the 
wall of a large vesicle, the second of an entire 
intact small vesicle. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Haired skin, dorsum: Multifocally there are 
vesicles measuring up to 2 cm in length that 
elevate the sub basilar space below the epidermis 
up to 4 mm and contain numerous viable and 
degenerate eosinophils, lesser lymphocytes, few 
Mott cells, intact erythrocytes, fibrin, and wispy 
degenerated collagen, along with eosinophilic 
proteinaceous fluid, and increased clear space 
(edema). Frequently vesicular contents indent or 
extend into the overlying epidermis or form small 
1 mm pustules within the stratum spinosum. 
Affected keratinocytes are shrunken, 
hypereosinophilic with pyknotic nuclei (necrotic) 
or vacuolated (degenerate). The overlying 
stratum corneum is intact and there is mild 
orthokeratotic hyperkeratosis. The underlying 
dermis is superficially smudged and contains few 
perivascular, previously described inflammatory 
cells. 
 
Contributor's morphologic diagnosis: 
Haired skin (dorsal back): Dermatitis, vesicular 
and sub basal, multifocal, with mild perivascular 
inflammation. 

Haired skin, pig. Numerous 5mm to 2 cm. vesicles filled with 
thick clear viscous fluid are present over the dorsum. The 
vesicles are easily ruptured. (Photo courtesy of: Walter Reed 
Army Institute of Research/Naval Medical Research Center, 
www.wrairintranet.com) 



 
Contributor's comment: 
Autoimmune dermatoses occur when aberrant T 
or B cells attack self-antigens resulting in a 
variety of clinical presentation,3 or when 
autoantibodies attack antigens.4  
 
A recent proposal by Olivry4 has been made to 
separate diseases based on one of these two 
mechanisms of action in order to facilitate 
treatment methodologies that target specific 
branches of the immune system. Previously, 
animal autoimmune disorders were separated into 
"vesiculous" or "bullous" (i.e., the blister-
forming pemphigus and pemphigoid variants) 
and "non-bullous" diseases (i.e., discoid and 
systemic lupus erythematosus). 
 
Inciting factors include but are not limited to drug 
therapy, paraneoplastic syndrome, tissue injury, 
infectious diseases, genetic makeup, and other 
autoimmune diseases.3  
 
Numerous pathological processes are suspected, 
which include3: 

- Epitope spreading: targets of 
autoimmune response drift to include 
other epitopes on the same protein or 
nearby proteins of the same tissue, 
resulting in regional variation of the same 
disease  

- Drug induced: Haptenization of 
keratinocyte antigens makes them 
immunogenic 

- Environmental influences: alters DNA 
methylation, which in turn, alters gene 
expression. 

- UV-light: induces keratinocyte ICAM-1 
and induction of pro-inflammatory 
cytokines. 

- Infectious: structural proteins of agents 
mimic host tissue proteins  

- Gonadectomy: Despite the advantages, 
neutering is associated with increased 
risk for certain autoimmune disorders 
including pemphigus complex6 

 
In people, and potentially animals, blistering 
dermatoses share the same pathogenic 
mechanisms as multiorgan diseases. Clinicians 
should consider potential systemic involvement, 
as well as the autoimmune and inflammatory 
conditions that are frequently associated with it.8  

- In paraneoplastic pemphigus/ 
paraneoplastic autoimmune multiorgan 
syndrome, the internal organs 
(particularly the lungs) are affected by 
the autoimmune injury 

- Pemphigus erythematosus is associated 
with lupus erythematosus  

- Bullous pemphigoid is associated with 
neurologic disease, possibly caused by 
cross-reactivity of the autoantibodies 
with isoforms of bullous pemphigoid 
antigens expressed in the skin and brain  

- Anti-laminin 332 pemphigoid shows an 
increased risk for adenocarcinomas  

Haired skin, pig. Vesicles also extend down the legs to the 
coronary band. (Photo courtesy of: Walter Reed Army 
Institute of Research/Naval Medical Research Center, 
www.wrairintranet.com) 

Haired skin, pig. A section of haired skin is presented for 
examination. Several discrete subepidermal vesicles are 
present. (HE, 69X) 



- Patients with anti-p200 pemphigoid often 
suffer from psoriasis 

- Bullous systemic lupus erythematosus is 
part of the clinical spectrum of systemic 
lupus erythematosus, a prototypic 
autoimmune disease with multisystem 
involvement 

- α5 chain of type IV collagen blistering 
disease is associated with nephropathy 

- Pemphigoid gestationis is associated 
with pregnancy or trophoblastic tumors 

- Linear IgA dermatosis is associated with 
inflammatory bowel disease 

- Dermatitis herpetiformis is associated 
with celiac disease 

- Epidermolysis bullosa acquisita is 
associated with inflammatory bowel 
disease 

 
Contributing Institution: 
Walter Reed Army Institute of Research/Naval 
Medical Research Center or WRAIR/NMRC 
www.wrairintranet.com 
 
JPC diagnosis: 
Haired skin: Dermatitis, vesicular and 
eosinophilic, sub-basal, multifocal moderate to 
severe, with eosinophilic pustules. 
 

 
JPC comment: 
The contributor provides a succinct summary of 
bullous pemphigoid. While this disease has 
common features across species, the specific 
antigens attacked differ. In humans, antibodies 
attack BP antigen 1 (also called BP230) and BP 
antigen 2 (BP180), most often targeting the 
components of hemidesmosomes of the skin. In 
animals, only BPAG2 has been identified as a 
target of autoimmunity.3 
 
In human epidemiological studies, a variety of 
factors may be risk factors for developing bullous 
pemphigoid. One of the most interesting risk 
factors with relevance to veterinary patients is 
medication history. More than 60 drugs have 
been reported to induce BP, including some 
antibiotics, diuretics, antihypertensives, anti-
TNF-a drugs, and vaccines. However, one of the 
highest correlations between prior use and BP is 
the drug class of dipeptidylpeptidase-4 inhibitors, 
used for the treatment of type II diabetes mellitus. 
While developed for their ability to degrade 
glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP), it 
also has the additional ability to cleave N-
terminal dipeptides on molecules like eotaxin 
(CCL11), RANTES, CCL5, CXCL9, CXCL10, 

Haired skin, pig. Subepidermal vesicles are filled with eosinophils, few basal keratinocytes, and polymerized fibrin. There are small 
eosinophilic pustules in the overlying dermis, and an eosinophilic perivascular dermatitis with edema. (HE, 216X) 



and CXCL11. With veterinary medications 
typically lagging human development, we may 
someday see medications like sitagliptin, 
alogliptin, saxagliptin, or linagliptin.2,6 
 
While a variety of inflammatory cells are found 
around the sites of BP, recent research has 
renewed focus on the role of mast cells in the 
development of this disease. More than 40 years 
ago, it was noted that an increased number of 
mast cells and increased degranulation of mast 
cells were present in the earliest stages of these 
lesions. Using tryptase as a marker for mast cells, 
research has shown increased tryptase levels in 
BP blister fluid, suggesting an early role for mast 
cells. While BPA2 IgG autoantibodies make up 
most of the antibody response, IgE 
autoantibodies with the same or similar epitope 
specificity are present in 70-90% of human 
lesions. Patients treated with omalizumab, a 
monoclonal antibody designed to inhibit IgE 
binding to FceRI, experienced decreased disease 
severity.1 Additional research with a focus on 
veterinary patients may reveal similar findings. 
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CASE 4: H15-877 (4073704-00) 
 
Signalment: 
5-day old pig, breed and gender unspecified, Sus 
scrofa, porcine 
 
History: 
Commercial, fully integrated pig farm with a 
neonatal diarrhoea problem ongoing for 2-3 
weeks. 25% of (mainly gilt) litters affected. 100% 
morbidity within litters and approximately 20% 
mortality. Five very recently dead piglets 
submitted for necropsy. 
 
Gross Pathology: 
Carcasses well preserved with adequate body fat 
reserves. Stomachs filled with milk. Fluid yellow 
intestinal and colonic contents. Mild mesocolonic 
oedema. No gross changes noted in intestinal, 
cecal or colonic mucosa. Other body systems 
unremarkable.  
 
Laboratory results: 
ELISA for Clostridium difficile toxins A and B 
positive on colonic contents. No pathogenic 

Colon, piglet.  Multiple sections of colon are submitted for 
examination. (HE, 5X) 



bacteria isolated from intestinal contents. ELISA 
for Clostridium perfringens toxins negative. PCR 
for porcine epidemic diarrhea virus, porcine delta 
corona virus, transmissible gastroenteritis virus 
and porcine reproductive and respiratory 
syndrome virus negative. Polyacrylimide gel 
electrophoresis (PAGE) for rotaviruses negative. 
 
Microscopic description: 
Caecum and spiral colon: There is some variation 
in sections. Multifocally there is superficial 
erosion/ulceration of epithelium with exudation 
of neutrophils into the subjacent lamina propria 
and spilling of neutrophils, and in some sections 
fibrin, into the lumen ('volcano' lesions). Within 
lumens are multifocal mixed aggregates of 
bacteria (long bacilli and cocci). Mild, multifocal 
to coalescing oedema of superficial lamina 
propria and mild mesocolonic oedema.  
 
Contributor's morphologic diagnosis: 
Cecum and colon: Typhlocolitis, fibrinopurulent, 
erosive, necrotizing, acute, superficial, 
multifocal, moderate. 
 
Contributor's comment: 
Clostridium difficile is a gram-positive spore-
forming anaerobic enteropathogen of humans and 
animals.4 Porcine neonatal Clostridium difficile-

associated disease (CDAD) typically affects 
animals 1-7 days of age and has recently emerged 
as a major cause of diarrhoea in young piglets in 
North America and Europe. The clinical history 
typically includes early-onset diarrhoea, rarely 
respiratory distress, and sudden death. There may 
be oedema of the mesocolon and the colon may 
have pasty-to-watery yellowish content.5 
Hydrothorax, ascites and scrotal oedema have 
also been described.8 Mucosal lesions of pigs are 
limited to the cecum and colon. These are 
typically mild, but vary from grossly inapparent, 
multifocal necrosis of surface epithelial cells to 
transmural necrosis. Pigs with spontaneous 
disease have microerosion/ulceration with 
effusion of fibrin and neutrophils into the lumen, 
so-called 'volcano ulcers'. Suppuration of the 
colonic lamina propria is the common 
microscopic lesion, with colonic serosal and 
mesenteric oedema with accompanying 
infiltration of mononuclear inflammatory cells 
and neutrophils. Segmental erosion of colonic 
mucosal epithelium is common, and volcano 
lesions may be evident.5 
 
CDAD occurs opportunistically when the niche 
usually occupied by endogenous intestinal flora 
is disrupted, either by a change in diet or by 
antimicrobial treatment.6 C. difficile produces 

Colon, piglet.  Multifocally, there is erosion of the lining epithelium with infiltration of neutrophils which expand the underlying 
edematous lamina propria.  There is exudation of fibrin, neutrophils, and cellular debris along the mucosal surface. (HE, 167X) 



two major toxins. Toxin A (TcdA) and Toxin B 
(TcdB) that act synergistically to cause apoptosis 
of mucosal epithelial cells and disruption of actin 
filaments that results in loss of cell-to-cell contact 
and increased paracellular permeability of 
mucosae. Toxins A and B have other effects, 
notably initiation of an inflammatory cascade that 
can result in increased damage to host tissues and 
exudation of fluid.4 The requirements for 
development of CDAD are disruption of normal 
intestinal or colonic flora, presence of the 
organism in the environment and the production 
of toxins.6 
 
The standard diagnosis for porcine CDAD is 
detection of TcdA and TcdB in faeces or colonic 
content, generally using commercially available 
enzyme immunoassays. Cultivation of C. difficile 
is difficult and because it can be found in healthy 
pigs, its isolation may have little diagnostic 
relevance.5 CDAD develops spontaneously in a 
variety of other species including horses, hares, 
non-human primates, domestic dogs, domestic 
cats, ostriches, and black-tailed prairie dogs.4 C. 
difficile is also one of the most important 
nosocomial pathogens of humans, primarily 
associated with intestinal dysbiosis following 

antibiosis. In recent years the epidemiology of the 
disease in human patients is changing with more 
community acquired infections and the 
emergence of strains in humans that are common 
in domestic animals. The pathogen is thus now 
being considered a potential zoonosis.6 
 
Contributing Institution: 
Veterinary Sciences Centre 
School of Veterinary Medicine 
University College Dublin 
Belfield, Dublin 2, Ireland 
http://www.ucd.ie/vetmed/ 
 
JPC diagnosis: 
Colon: Colitis, erosive and neutrophilic, 
multifocal to coalescing, moderate, with edema 
and crypt hyperplasia. 
 
JPC comment: 
This pathogen, now named Clostridioides 
difficile, remains a significant pathogen in human 
and veterinary populations. In 2011, there were 
approximately 453,000 human C. difficile 
infections in the United States. While the 
distribution of different virulent ribotypes has 
changed with the use of differing antibiotic 

classes in different parts 
of the world, incidence of 
ribotype 78 C. difficile 
infection has been 
increasing since 2005. 
This virulent strain 
primarily affects pigs and 
calves, but also infects 
humans, and there has 
been an association 
between pig farms and 
human infection 
documented in the 
Netherlands.2 
 
Contamination of food 
destined for human 
consumption remains a 
problem around the 
world. A study in Japan 
tested commercially 
available foods at 
supermarkets and found 
C. difficile 

Colon, piglet.  Glands are dilated and contain abundant mucin and few bacilli and there are 
numerous mitotic figures. (HE, 207X) 



contamination in 3.3% of free vegetables, 6.7% 
of chicken meat, 3.6% of chicken liver, 0.5% of 
pork meat, and 1.6% of beef meat sampled. 
Additionally, the presence of Toxin A, Toxin B, 
and binary toxin (CDT) was detected in samples, 
as well as some isolates being resistant to 
common antibiotics. The rates of contamination 
in this study were comparatively low compared 
to the United States and should provide ample 
motivation for thorough food inspections.7 
 
While the most common method of contracting 
disease is an alteration of the gut flora, usually 
through antibiotic use. However, exposure and 
transmission has not been well investigated. A 
great number of spores are likely in most 
contaminated environments, but they may not all 
be perpetuated by pigs. A survey of pigs and 
rodents collected across two farms revealed the 
mice and rats were capable of carrying C. 
difficile, with a prevalence between 25-50%. 
Further research is necessary to determine the 
extent of rodent transmission or persistence of C. 
difficile infections in pigs.1 
 
While there is no commercially available vaccine 
against this agent, an alternative treatment has 
been explored. Following work performed in 
laboratory rodents, the non-toxigenic strain of C. 
difficile Z31 was administered to 1-day old 
piglets, with subsequent fecal analysis 24 hours 
later. Administration of the Z31 strain 
statistically significantly reduced C. difficile 
infection, as compared to controls. In the animals 
that did develop disease, the intensity of diarrhea 
was reduced. This may represent a valid 
preventive for the pig industry.3 
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1. Which of the following valves is most common affected in vegetative valvular endocarditis in 
swine? 

a. Left atrioventricular valve 
b. Right atrioventricular valve 
c. Pulmonic valve 
d. Aortic valve 

 
2. Which of the following virulence factors of Streptococcus suis allows the bacterium to alter the 

proteins in tight junctions? 
a. Leukocytoxin 
b. Suilysin 
c. Idessuis 
d. Glyceraldehyde-3-phosphate dehydrogenase 

 
3. Which of the following is NOT seen in swine poxviral infection? 

a. Vesicles 
b. Transplacental infection 
c. Systemic infection 
d. Intracytoplasmic viral inclusions 

 
4. In animals, which of the following has been shown to be a target in bullous pemphigoid? 

a. BP180 
b. BPAG 
c. Desmoglein-5 
d. BP230 

 
5. Edema of which of the following is seen in piglets less than 7 days old infected with Clostridiodes 

difficile ? 
A.  Mesocolon 
B.  Eyelids 
C.  Hippocampus 
D.  Larynx 

 

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 2020-2021 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 1: 17N00143 (4117640-00) 
 
Signalment: 
16-year-old, castrated male, Brittany Spaniel, 
Canis familiaris, dog 
 
History: 
In June 2013 the animal was diagnosed via 
echocardiogram by an outside cardiology service 
with a right atrial mass that appeared to originate 
from the atrial septum, initially the mass 
measured approximately 1.5 cm in diameter. The 
animal was evaluated yearly by a cardiologist and 
at his most recent appointment in July 2016, the 
mass was noted to be taking up 80% of his right 
atrium. Before the diagnosis of the atrial mass and 
through the course of his disease, the animal had 
a history of ventricular arrhythmia, paroxysmal 
atrial tachycardia and mild pulmonary 
hypertension. Eight months after his last 
appointment with the referral cardiologist the 
animal stopped eating, became lethargic, was 
vomiting and coughing. He presented to his 
primary care veterinarian where he was found to 
have fluid in his abdomen. The animal was 
humanely euthanized and presented to UW 
Veterinary ER service for necropsy. 
 
Gross Pathology: 
On gross examination, there was a 
multilobulated, pink-tan to red, semi-firm mass 
extending from the endocardial surface of the 

right atrium measuring approximately 7.0 x 8.0 x 
3.5 cm. There was a single separate dark red to 
black nodule on the endocardial surface at the 
base of the right atrial appendage, which 
measured 0.9 x 0.7 x 0.5 cm. A mass with a 
necrotic center was also present in the left 
ventricular wall measuring 14 mm in diameter. 
On cut section, all masses were mottled pale tan 
to dark red. Additionally there was a focal area of 
pink to tan discoloration and contracture on the 
papillary muscle of the left ventricle measuring 
0.9 x 0.7 cm. The heart weight 253.4 grams 
corresponding to approximately 1.7% of the body 
weight. 
 
Laboratory results: 
None. 
 

Heart and great vessels, dog. There is a large neoplasm 
infiltrating the myocardium, great vessels, and adjacent 
fibrovascular tissue of presumably the heart base. (HE, 6X) 



Microscopic description: 
Right atrium: An unencapsulated, moderately 
well demarcated and moderately cellular 
neoplasm multifocally infiltrates, expands and 
effaces the myocardium. The neoplastic cells are 
arranged in nests, packets and small lobules and 
are supported by a fine fibrovascular stroma. The 
cells are round to polygonal with variably distinct 
cell borders, moderate amounts of finely granular 
amphophilic cytoplasm and round nuclei with 
coarsely clumped chromatin and indistinct 
nucleoli. The cells exhibit moderate to marked 
anisocytosis and anisokaryosis and mitotic 
figures are present (0-3 mitotic figures per 400x 
field). Occasional neoplastic cells have large, 
multilobed nuclei. There are multifocal to 
coalescing areas of necrosis throughout the mass. 
Neoplastic cells multifocally occupy and 
occasionally expand the lumens of blood vessels 
within the surrounding myocardium. Areas of 
hemorrhage, fibrosis and hemosiderin-laden 
macrophages multifocally surround the 
neoplasm. 
 
Contributor’s morphologic diagnosis: 
Right atrium (per submitter), atrial 
paraganglioma 
 

Contributor’s comment: 
Cardiac tumors are relatively uncommon in the 
canine population.1,4,14,23 The most common type 
of cardiac tumor is hemangiosarcoma follow by 
paragangliomas occurring at the heart base (i.e. 
chemodectomas, also known as aortic body 
tumors), lymphoma and ectopic thyroid 
carcinoma.4,15,23 
 
Paragangliomas are neuroendocrine tumors that 
originate from chromaffin cells that are 
associated with sympathetic ganglia (for example 

Heart and great vessels, dog. Neoplastic cells are arranged in nest and packets and have moderate amounts of granulated 
cytoplasm, round nuclei with indistinct nuclei, and occasionally cells with enlarged, pleomorphic nuclei (lower left). (HE, 400X) 

Heart and great vessels, dog: Neoplastic cells are strongly 
immunopositive for synaptophysin (anti-synaptophysin, 
400X) 



adrenal medulla pheochromocytoma) or the 
parasympathetic ganglia (for example aortic body 
/ chemodectoma).8,11,17 
 
Paraganglia are groups of chromaffin 
neurosecretory cells of neural crest origin located 
around ganglia that are dispersed throughout the 
body.5 They are classified as sympathetic or 
parasympathetic according to their location and 
neural association.5,7 Sympathetic paraganglia, of 
which the adrenal medulla is the prime example, 
are distributed along paravertebral sympathetic 
chains and nerves that innervate cervical, 
thoracic, retroperitoneal and pelvic organs.5,7,11 
Parasympathetic paraganglia, also referred to as 
chemoreceptors, are distributed primarily along 
the cervico-thoracic branches of the 
glossopharyngeal and vagus nerves and include 
the orbital, vagal, laryngeal, and subclavian 
paraganglia, as well as the carotid and aortic 
bodies.5,7,11 
 
The unifying feature of sympathetic 
paragangliomas is the fact that they can be 
functional and are able to synthesize and secrete 
significant amounts of catecholamines,7,8,17 
whereas parasympathetic paragangliomas tend to 
be non-functional and don't release 
catecholamines or if they do, they tend to release 
dopamine so human or animal patients usually do 
not present with typical symptoms of 
catecholamine excess such as systemic 
hypertension or tachycardia.8,17,18 In veterinary 
medicine, the most common parasympathetic 

tumor is the chemodectoma, also known as 
aortic/carotid tumor or non-chromaffin 
paraganglioma.4,15,16 However, the latter term is 
an antiquated and confusing term, considering 
that all types of paraganglia tumors originate 
from chromaffin cells and that approximately 40-
50% of the parasympathetic tumors are 
recognized to secrete catecholamine metabolites 
(such as dopamine) to some extent.17 
 
In human medicine, 95% of all reported 
sympathetic paragangliomas are 
pheochromocytomas. Only 2% occur above the 
diaphragm, which account for 0.3% of all 
mediastinal/ cardiac neoplasms, and less than 
50% of those tumors are functional. In veterinary 
medicine, the distribution and functionality are 
very similar.19 Pheochromocytomas are the most 
common neoplasia arising from the adrenal 
medulla, they are infrequently functional, and 
there are only rare case reports of sympathetic 
cardiac paraganglioma of which two were located 
in the right atrium and one in the left 
atrium.2,4,21,23 In contrast, chemodectomas, which 
were mentioned previously, are the second most 
common parasympathetic cardiac 
paraganglioma.4,12,15 The distinction between 
sympathetic or parasympathetic cardiac tumors 
should be mainly based on location since there 
are no consistent histologic differences between 
them.8,17 Chemodectomas are typically located on 
the epicardial surface of the heart base along the 
aortic body or atria and occasionally extend to the 
atria, or the interatrial septum. Sympathetic 
cardiac paragangliomas are generally located 
within the atria along the atrioventricular sulcus 
and near the roots of the great vessels,4,7,8,17,20 as 
in this case.  
 

Heart and great vessels, dog: Neoplastic cells are strongly 
immunopositive for chromogranin A (anti-chromagranin A, 
400X) 

Heart and great vessels, dog: Neoplastic cells are present 
within vessels in the adjacent vessels. (HE, 400X) 



In general, paragangliomas are composed of 
tumor cells containing intracytoplasmic 
hormonal secretory granules which are revealed 
with an argyrophil reaction, such as Grimelius's 
methods. The neoplastic cells are typically 
arranged in nests or packets, known as a 
Zellballen pattern, and are surrounded by 
sustentacular cells.4,11,13,17,20 Giant neoplastic 
cells with bizarrely shaped, multilobed, densely 
basophilic nuclei are often seen.4,8 
Immunohistochemically, they are positive for 
chromogranin, synaptophysin and neuron 
specific enolase (NSE). Ultrastructurally, both 
adrenalin- and noradrenalin-type granules are 
demonstrated in the cytoplasm of the neoplastic 
cells.3,11,13,22 
 
In this case, the tumor developed within the right 
atrium, extended to the right atrial appendage, 
and left ventricular wall without involvement of 
the epicardial surface or the aortic body. 
Neoplastic cells exhibited the characteristic 
Zellballen pattern and stained positively for 
chromogranin A and synaptophysin. Although 
definitive testing was not performed to confirm 
the functionality of this tumor (urine 
catecholamine metabolite quantification for 
example) we suspect that this tumor was a 
functional sympathetic atrial paraganglioma 
based on location, histopathology, 
immunohistochemistry and classical 
catecholamine associated clinical signs (systemic 
hypertension and tachycardia); however, 
generalized cardiac dysfunction could account 
for the clinical signs of systemic hypertension 
and tachycardia. 
 

In conclusion, we believe this is a great case to 
encourage the review of the classification and 
distribution of normal paraganglia as well as the 
appropriate name for neuroendocrine neoplasms 
arising within or near the heart base. 
 
Contributing Institution: 
University of Wisconsin  
School of Veterinary Medicine 
Madison, WI 
https://www.vetmed.wisc.edu/departments/patho
biological-sciences/ 
 
JPC diagnosis: 
Heart and great vessels: Paraganglioma 
(neuroendocrine carcinoma). 
 
JPC comment: 
The contributor provides a concise summary of 
these neoplasms. In human medicine, research 
has progressed to more advanced stages than in 
veterinary medicine, with the identification of 
approximately 40% of pheochromocytomas and 
paragangliomas associated with germline 
pathogenic variants in 12 known susceptibility 
genes. Patients identified with the most increased 
risk have heterozygous pathogenic variations of 
SDHD, with primarily paternal transmission to 
offspring. This SDHD variation accounts for 
approximately 9% of all pheochromocytomas 
and paragangliomas. Succinate dehydrogenase 
(SDH) complex is part of the mitochondrial 
respiratory pathway and plays a key role in the 
Kreb's cycle.6 In veterinary medicine, there has 
been loose association of chemodectoma and 
brachycephalic breeds of dogs. Proposed 
mechanisms have been related to oxygen 
tension,4 but a heritable trait unrelated to oxygen 
tension should not be discounted, as these breeds 
have been grossly manipulated over time. 
 
Various treatments in canine patients with 
chemodectoma have been documented. While 
recent studies suffer from low statistical power, a 
study in six dogs with chemodectoma had 
measurable decrease in tumor volume following 
stereotactic body radiation, with a likely 
increased survival time.10 On the other hand, a 
retrospective study of dogs with chemodectoma 
and treated with toceranib (Palladia) showed no 
significant change in survival.9 While these early 

Heart and great vessels, dog: There are areas of vascular 
invasion with necrosis, hemorrhage, siderophage 
accumulation, and fibroplasia. (HE, 400X) 



results will likely shape future treatment for this 
tumor type, caution should be exercised in 
extricating statistical meaning from these studies 
with small sample sizes. 
 
During conference discussion, the moderator 
emphasized the importance of clinical history and 
gross pathology to help make the diagnosis in 
these cases. In this case, the neoplasm was likely 
functional, and was arising from the endocardial 
surface of the right atrium, making 
chemodectoma a less likely diagnosis. 
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CASE 2: MK18-01471 (4117513-00) 
 
Signalment: 
19-year-old, female, Rhesus macaque (Macaca 
mulatta) 
 
History: 
19-year-old female rhesus macaque with a history 
of anorexia, increased respiratory effort, swelling 
of the extremities and neck. Thoracic radiographs 
revealed an enlarged rounded heart which 
occupied the majority of the thoracic cavity. On 
auscultation, lung fields had wheezes and 
crackles. The heartbeat was faint. Due to the poor 
prognosis the macaque was euthanized. 
 
Gross Pathology: 
Examination revealed moderate subcutaneous 
edema involving the arms, legs and trunk. The 

macaque was obese with excessive body fat 
present. Approximately 200 ml of clear fluid was 
present in the abdomen with approximately 100 
ml of similar fluid in the thorax. The heart was 
severely enlarged with severe dilatation of the 
right ventricle. The heart weighed 55 grams (0.04 
% of body weight). There was excessive 
epicardial fat present, especially along the surface 
of the right ventricle. The wall of the right 
ventricle revealed large areas with little or no 
visible cardiac muscle. The left ventricle was 
small in profile compared to the extremely dilated 
right ventricle. The left ventricular free wall 
measured 0.6 cm, septum 0.5 cm, right 
ventricular free wall not including adjacent 
adipose tissue was 0.15 cm and with adjacent 
adipose tissue 0.45 cm. Sections of lung were 
atelectatic and had multifocal, up to 3-4 mm 
diameter, slightly raised gray to tan foci 
consistent with lung mite lesions. The liver was 
enlarged with rounded edges and was tan to 
brown with a lobular pattern, consistent with 
chronic passive congestion. A mass was present 
involving the body of the uterus which measures 
3.5 x 3.5 x 4.0 cm. No other gross abnormalities 
were noted. 

Heart, right ventricle, rhesus macaque. Subgross magnification of a submitted section of right ventricle in which the myocardium 
is almost totally replaced by mature adipocytes. (HE, 5X) 



 
Laboratory results: 
None. 
 
Microscopic description: 
Heart: There is severe infiltration of adipose 
tissue within the wall of the right ventricle with 
severe atrophy and loss of myocytes. Remaining 
myocytes are hypertrophied with karyomegaly. 
Interstitial fibrosis is present adjacent to areas of 
existing myocytes and adjacent adipocytes. Focal 
mild to moderate fibrosis is noted in the 
interventricular septum. The left ventricle is 
unremarkable. 
 
Other tissues: Liver: Scattered centrilobular 
regions are congested with pericentral necrosis 
evident (consistent with chronic passive 
congestion). There is moderate to severe 
periportal to midzonal lipidosis. Prominent 
pulmonary bronchiectasis with associated lung 
mites and peribronchiolar lymphoplasmacytic 
infiltrates were noted in the lung. The large 
uterine mass was a leiomyoma. 
 
Contributor’s morphologic diagnosis: 
Rhesus macaque (Macaca mulatta) heart, 
cardiomyopathy, dilatative, right sided, severe 
with marked adipose deposition and myocyte 

atrophy. Fibrosis, interatrial septum and right 
ventricle and septum 
 
Liver: Centrilobular necrosis and congestion 
Liver: lipidosis, moderate to severe with 
centrilobular necrosis. 
 
Contributor’s comment: 
Arrhythmogenic right ventricular 
cardiomyopathy (ARVC) was first reported in 
four male human patients in 1978 in France 
documenting clinical symptoms and EKG data. 
These patients experienced tachycardia with no 
prior clinical history, unusual right side QRS, S-
T and conduction abnormalities. A subsequent 
report in 1982 included a study in which patients 
had right sided ventricular tachycardia along with 
decreased conduction by EKG. These patients 
presented with hypokinesis with localized 
dyskinesia. The histology revealed fatty 
infiltrates and fibrosis in cardiac tissue.11 Of 
twenty-two human athletes who died while 
participating in sports including soccer, long 
distance running, swimming and running, ARVC 
was found to be the cause of death in six cases.4 
 
ARVC is a genetic disease linked to defects in 13 
different genes that are vital components of the 
intercalated disc. In 50% of cases a familial 

Heart, right ventricle, rhesus macaque. At the advancing edge of infiltrating adipose tissue, there is myofiber atrophy, loss, and 
interstitial fibrosis.  (HE, 60X) 



genetic link can be identified leaving researchers 
to believe that other genes may be involved in this 
cardiomyopathy or that it may occur 
spontaneously. The first genetic link was reported 
in 1990 in which family history revealed a genetic 
mutation inherited at a higher ratio in males with 
variable penetrance and expression. This genetic 
autosomal dominant cardiomyopathy effects 
1:2,000-5,000 people, typically RAeD diagnosed 
in 20-40-year-olds with predilection in males. In 
50% of cases the most common symptom is 
sudden death while exercising.13 
 
Most cases of ARVC are caused by functional 
mutations to ion channels, accessory proteins or 
structural genes. The intercalated disc has three 
components, the gap junction, the desmosome 
and the adheren junction, that function to keep the 
heart beating rhythmically. The gap junction is 
formed when connexins from two individual cells 
join making a channel. The connexins are made 
of six equal subunits who role is to move ions, 
sugar molecules, amino acids and nucleotides 
through the channel to synchronize the electrical 
potential of the two cells. A gene mutation of 
connexin 43 reduces the number of sodium 

channels subsequently creating a delay in 
repolarizing myocytes. This defect does not allow 
an adequate influx of Na+ leading to 
asynchronous beating of myocytes and eventual 
arrhythmias.15,18 The desmosome (macula 
adherens) provides structural support utilizing the 
intermediate filaments from neighboring cells. 
The desmosome has two structural parts, 
armadillo controlled by the JUP gene and plakins. 
Two proteins, desmoplakin and plakophilin exists 
in two adhesion states controlled by the amount 
of calcium. The plakins anchor the intermediate 
filaments. A defect found in ARVC to 
plakophilin 2 or desmoplakin weakens the bond 
with the intermediate filaments. The adherens 
junction provides strength, stability and adhesion 
between myocytes forming the bond between 
desmoglein and desmocollin in the intracellular 
space. It is formed by cadherins or laminins 
which form calcium dependent adhesions that 
also control cell fate, transduces signals and has 
other embryological roles. Defects in desmoglein 
1, 2 and 4 and desmocollin 2 lead to weakening 
of the adherens junction and subsequent loss of 
function. It is this loss of function of the adherens 
junctions that cause remodeling of the 

Heart, papillary muscle, rhesus macaque. Remaining cardiomyocytes exhibit cytoplasmic vacuolation, loss of cross-striations, 
atrophy and nuclei are karyomegalic and pleomorphic. There is replacement fibrosis in areas of myofiber loss.  (HE, 253X) 



intercalated disc, poor adhesion, apoptosis and 
fibrofatty replacement.5 
 
The most common symptoms with ARVC are 
syncope, palpitations, chest pain and arrhythmias. 
Diagnosis is by unique EKG patterns that include 
repolarization and depolarization abnormalities 
and ventricular arrhythmias. Often the first sign 
of disease is sudden death. Definitive diagnosis is 
from family history, EKG and biopsy. Dilation is 
evident by ultrasound in the right ventricle. 
Histology reveals degenerating myocytes, some 
residual myocytes and replacement with adipose 
or fibrous tissue that may be transmural. Often 
trapped myocytes are seen along with an 
inflammatory response in the right ventricle with 
thinning of the ventricular wall.16 
 
Reports of ARVC have been documented in 
boxer dogs, a Siberian husky, a Weimaraner, cats 
and horses.6,7,9,10,12 The boxer dogs did not show 
signs of illness until the age of six with abrupt 
onset. As with humans, dogs that led the most 
sedentary lifestyle showed slower disease 
progression. The dogs that exercised most as with 
the human endurance athletes, were at greatest 
risk for sudden death. Genetic testing of the 49 
dogs for striatin, which is instrumental in the 
formation of desmosomes revealed 33 had a gene 
mutation. Weakness to desmosomes can have 
both mechanical and electrical implications 
causing myocyte failure and arrhythmias due to 
poor conduction and cell to cell adhesion. The 
thinner wall of the right ventricle is unable to 
withstand the stress generated by exercise due to 
defects in cell to cell adhesion of myocytes.1 
 
Two cats case histories documented ACRV in 
which both cats presented with pleural effusion, 
rapid breathing and an echocardiogram that 
revealed a very enlarged right ventricle and 
atrium. Histology of one cat heart revealed right 
ventricular dilation, fibrous and adipose 
replacement of myocytes, entrapped myocytes 
and inflammation. There was transmural fat 
replacement.10 
 
Two horses' sudden death was investigated one 
occurring shortly after strenuous exercise. 
Grossly both hearts were gelatinous, and one had 
an area measuring 2 cm x 6 cm x 1 cm of marbled 

tissue. Histology showed a loss of myocytes with 
fatty tissue replacement and vacuolated Purkinje 
cells. There was collagenous tissue with stippled 
fibroblasts.9 
 
Non-invasive treatments include restraint from 
strenuous exercise, use of beta blockers and anti-
arrhythmic medications. Surgical options include 
placement of an implantable cardioverter 
defibrillator, catheter ablation of the affected 
heart tissue or heart transplantation.16 
 
The mouse models have been generated including 
mutations for desmoplakin, plakophilin-2, 
desmoglein-2, desmocollin-2, plakoglobin and 
laminin receptor-1. Mouse models might provide 
insight if a gene mutation alters demise adhesion 
or is the loss of signaling pathways that are the 
first step in the it of myocytes. A JUP deficient 
mouse mimics the pathology experienced by 
endurance athletes. The mutant mice subjected to 
endurance training had evidence of ARVC four 
months earlier than their untrained cohorts. These 
mice had right ventricular dilation without the 
fibrofatty replacement.14 
 
The findings in this case are consistent with right 
heart failure - ascites, pleural effusion, peripheral 
edema and chronic passive hepatic congestion. 
The right heart failure was due to significant loss 
of myocytes and infiltration of adipocytes and 
dilatation of the right ventricle. The appearance 
of the heart was similar to a rare condition in 
humans - AVRC. 
 
Contributing Institution: 
National Institutes of Health 
Bethesda, MD 20892 
https://www.ors.od.nih.gov/sr/dvr 
 
JPC diagnosis: 
Heart: Fibrofatty infiltration, focally extensive, 
severe, with cardiomyocyte degeneration, 
atrophy, and hypertrophy, karyomegaly, and 
endocardial and myocardial fibrosis. 
 
JPC comment: 
The contributor provides a concise summary of 
ARVC. A recent investigation into the death of 
an alpha male bonobo included genetic 
sequencing and analysis. There were no 



sufficiently variant sequences across 10 ARVC-
associated genes (LMNA, CTNNA3, DES, 
TGFB3, JUP, TMEM43, PKP2, DSC2, DSG2, 
and DSP), but there were two variants of 
uncertain clinical significance in CTNNA3 and 
JUP that were not found in controls. It is 
currently not known whether these fully explain 
this bonobo's phenotype, but it may lead to 
additional research.2 
 
Research into (human) diagnostics have recently 
focused on the identification of anti-cardiac 
desmoglein 2 (DSG2) autoantibodies. 
Desmoglein-2 is a cardiac cadherin protein that 
provides mechanical attachment between cells. 
Results showed that anti-DSG2 antibodies were 
specific to patients with ARVC, with no anti-
DSG2 antibodies detected in controls without 
ARVC. Additionally, disease severity positively 
correlated with antibody level in these patients. 
Research into domestic species may find an 
equally suitable biomarker for this disease.3 
 
A differential for ARVC in human literature is 
cardiac sarcoidosis, which is more typically 
characterized by granulomatous inflammation in 
the myocardium, often with giant cells and 
accompanied by lymphoplasmacytic 
inflammation. However, there are numerous 
presentations, depending on the progression of 
the disease at the time of diagnosis. Clinically, 
because there is disruption of Purkinje fibers, this 
condition may mimic ARVC and manifest with 
AV block, dysrhythmias, or sudden cardiac 
death. In cardiac sarcoidosis, granulomas form 
irregular, infiltrating yellow-tan, white-tan, or 
gray lesions and may involve any part of the 
heart. It has also been observed that when cardiac 
sarcoidosis presents as ARVC, endomyocardial 
biopsies are characterized by fibrofatty 
replacement without evidence of granulomatous 
inflammation.17 
 
During conference discussion, it was noted 
between participants that there was some mild 
slide variation, with some sections having a mild 
endocarditis as well. The moderator emphasized 
the desmosome's role in intercalated disks, and 
enumerated some of the documented genetic 
mutations in genes affecting components of 

desmosomes and intercalated disks in many cases 
of ARVC. 
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CASE 3: P17-2052 (4101144-00) 
 
Signalment: 
13-year-old, female, Schnauzer, Canis lupus 
familiaris, dog 
 
History: 
The dog presented a diagnosis of intracranial 
neoplasia (extra-axial lesion in the olfactory and 
right frontal lobe area). The patient suffered from 
seizures and due to the worsening of clinical signs 
the dog was humanely euthanized and submitted 
for postmortem examination. 
 
 

Gross Pathology: 
Arising from the right frontal lobe and at the base 
of the right olfactory bulb, an irregular, firm, 
white, partially delimited mass with an irregular, 
surface measuring 1.9 x 1.2 x 2.7 cm was 
observed. The left frontal lobe was slightly 
concave by compression of the neoplasm. On 
cross-sections, the tissue was found occupying 
and partially replacing both the gray and white 
matter and its inner surface was well delineated, 
white to gray, and solid with multiple whitish 
areas of mineralization. 
 
Other relevant findings were observed in the 
reproductive tract, where numerous cysts arising 
from both ovaries were present, as well, as 
marked endometrial cystic hyperplasia from both 
uterine horns. 
 
Laboratory results: 
None 
 
Microscopic description: 
Brain, right frontal lobe: Histologically, there is a 
proliferation of a well circumscribed, densely 
cellular neoplasm supported by a thin 
fibrovascular stroma into nests of closely packed 
predominantly epithelioid cells or spindle to 
polygonal cells arranged in loosely interlacing 
streams and numerous whorls. Neoplastic cells 
have variably distinct borders with varying 
amounts of eosinophilic cytoplasm, oval to 

Cerebrum. Overlying and compressing the right olfactory 
bulb, there is an irregular, firm, white, neoplasm with an 
irregular, surface measuring 1.9 x 1.2 x 2.7 cm (Photo 
courtesy of: Departamento de Patología, Facultad de 
Medicina Veterinaria y Zootecnia, Universidad Nacional 
Autónoma de México, Mexico City, Mexico, 
http://fmvz.unam.mx/fmvz/departamentos/patologia/ace
rca.html) 



spindle-shaped vesicular nuclei with finely 
stippled chromatin and predominantly one large 
distinct nucleolus. Mitoses are rare with less than 
one mitotic figure per high power field. There is 
moderate anisocytosis and anisokaryosis. In the 
core of some whorls, there are multiple basophilic 
and concentric concretions consistent with areas 
of mineralization (Psamomma bodies), as well as 
areas with dystrophic mineralization. 
 
Contributor’s morphologic diagnosis: 
Brain, right frontal lobe: Psammomatous 
meningioma. 
 
Contributor’s comment: 
This case had a classic presentation and 
microscopic features for canine meningioma. In 
dogs, intracranial meningiomas account for 33% 
to 49% of all primary brain tumors and are the 
most common central nervous system (CNS) 
tumor in this species.1,4,8,9 They occur 
predominantly beyond middle age, and there is no 
gender predilection in contrast to their human 
counterparts, where their presentation in females 
is more common.4 Most meningiomas are benign. 
In dogs, they are more common in the brain than 
in the spinal cord and their development in 
retrobulbar sites is uncommon. The intracranial 

meningiomas have favored localizations. They 
are regularly attached to the dura mater and 
commonly found in the region of the olfactory 
bulb and frontal lobes, as observed in this case. 
Other locations include below the brain stem, the 
midline attached to the falx cerebri, or the 
tentorium cerebelli or an intraventricular location 
associated with choroid plexus.1,4 Their 
attachment to the dura or leptomeninges may be 
broad, narrow or total (forming plaque-like 
masses).4 The main initial clinical sign associated 
with forebrain meningiomas in dogs is seizures, 
opposed to cats, where the most common initial 
clinical signs are lethargy and behavior changes.1 
Canine meningiomas show a remarkable 
biological similarity to their human counterparts, 
therefore, the grading system in humans (WHO 
classification system), is commonly used to 
classify these tumors. The histological subtypes 
are summarized in table 1. Mixtures of the 
various forms are common.4 Besides the 
histologic subtypes, the WHO CNS classification 
includes a grading scheme that is a malignancy 
scale based on specific cytological features. In 
humans, WHO grade is one component of a 
combination of criteria used to predict a response 
to therapy and outcome. Other criteria include the 
age of the patient, neurologic performance status, 
tumor location, radiological features such as 
contrast enhancement, extent of surgical 
resection, proliferation indices, and genetic 
alterations. For each tumor entity, combinations 
of these parameters contribute to an overall 
estimate of prognosis.4,6,7 

Cerebrum. Overlying and compressing the right olfactory 
bulb, there is an irregular, firm, white, neoplasm with an 
irregular, surface measuring 1.9 x 1.2 x 2.7 cm. (Photo 
courtesy of: Departamento de Patología, Facultad de 
Medicina Veterinaria y Zootecnia, Universidad Nacional 
Autónoma de México, Mexico City, Mexico, 
http://fmvz.unam.mx/fmvz/departamentos/patologia/ace
rca.html) 

Cerebrum, dog. A transverse section of the right 
telencephalic cerebral cortex containing an expansile 
neoplasm is presented for examination. (HE, 69X) 



 
Canine meningiomas are commonly 
immunoreactive to vimentin intermediate 
filaments, cytokeratin and E-cadherin, while 
being immune-negative to GFAP. 
 
In one study in dogs, incidence of atypical 
meningiomas was higher compared to their 
counterparts in humans. Psammomatous 
meningioma (PMs) had an incidence of 3.5% of 
the total meningiomas and there were no 
associations among tumor subtypes or grades or 
features in magnetic resonance imaging, but 
microscopically parenchymal edema primarily 
affecting the white matter was a common 
feature.8 
 
In humans, intracranial PMs are also a rare 
subtype of meningioma with low tendency 
toward growth and recurrence. Intraspinal PMs 
are more common than intracranial PMs. Most 
intracranial PMs exhibit highly calcified imaging 
characteristics, which can be detected by 
computed tomography. Calcification of 
intraspinal PM complicates the operative 
procedure, because of adhesions to the spinal 
cord, hard tumor consistency and neurovascular 
structure encasement.5 These features have not 
been reported in canine or feline meningiomas. 

Psammoma bodies (PBs) are concentric 
lamellated calcified concretions, observed most 
commonly in several neoplasms like 
meningioma, papillary thyroid carcinoma, and 
papillary serous cystadenocarcinoma of ovary 
 
 

WHO grade Histologic subtypes Criteria 
 
Grade 1 subtype 
 
“Benign” 

1. Meningothelial  
2. Fibrous (fibroblastic)  
3. Transitional (mixed)  
4. Psammomatous  
5. Angiomatous  
6. Microcystic  
7. Secretory  

 
 
 
Criteria not met for 
grades 2 or 3. 

 
 
Grade 2 subtype 
 
“Atypical” 

 
 
 
1. Chordoid  
2. Clear cell  
3. Atypical  

Mitotic count of at 
least 4 mitoses/10 HPF 
Loss of normal 
architecture (whorls or 
fascicles) and 
patternless cell sheets 
Small cell formation 
with a high 
nuclear:cytoplasmic 
ratio 
Nuclear atypia or 
macronuclei 
Hypercellularity 
Spontaneous necrosis 
Brain invasion 

 
Grade 3 subtype 
 
“Anaplastic” 

 
 
1. Papillary  
2. Rhabdoid Anaplastic 

Extreme cellular 
anaplasia 
Mitotic count of > 20 
mitoses/10 HPF 
Abnormal mitotic 
figures 
Necrosis 
Brain invasion 
 

 

Cerebrum, dog. Neoplastic cells are spindled, arranged in variably-sized streams and bundles with occasional whorls. The whorls 
often contain crystalline mineral. (HE, 216X) 



and other non-neoplastic lesions. Their formation 
remains poorly understood, but two major 
hypotheses have been described. The first one 
attributes the formation of PBs to degeneration 
and necrosis of neoplastic cells and subsequent 
dystrophic calcification. In the second one, PBs 
formation is considered an active biologic 
process involving secretion of collagen and 
membrane bound vesicles in alternate layers by 
neoplastic cells and the calcification of vesicles, 
ultimately leading to degeneration/death of tumor 
cells and growth retardation of the neoplasm that 
may also serve as a barrier against its spread.3 

 
Contributing Institution: 
Departamento de Patología 
Facultad de Medicina Veterinaria y Zootecnia 
Universidad Nacional Autónoma de México 
Mexico city, Mexico 
http://fmvz.unam.mx/fmvz/departamentos/patol
ogia/acerca.html 
 
JPC diagnosis: 
Cerebrum: Meningioma, grade 1, microcystic, 
with psammoma bodies, and chondroid and 
osseous metaplasia. 
 
JPC comment: 
The contributor summarizes canine meningioma 
well. While most canine meningiomas are grade 
I (56%), numerous cases are grade II (46%). 
Approximately 1% are documented as grade III 
meningiomas. Though varying in histologic 
patterns, many meningiomas exhibit early loss of 
tumor suppressor genes NF2, 4.1B, and TSLC1.2 
 
Additional considerations for cases of meningeal 
disease may include meningeal sarcomatosis. 

While it usually presents in the lumbar spinal 
cord and is infiltrative rather than expansile, 
neoplastic cells are pleomorphic, may extend the 
length of the spinal cord and be found 
circumferentially in the arachnoid space. In 
contrast to a meningioma, these neoplastic cells 
most often stain negative for cytokeratin.2 
 
In the dog, boxers and golden retrievers have a 
higher incidence of meningioma, but this tumor 
has also been reported frequently in cats, and in 
horses, cattle, pigs, and wildlife to a lesser 
extent.4 Meningiomas have been reported in 
Bactrian camels, the short beaked common 
dolphin, as well as a collared brown lemur.11 Less 
frequent than the previously described types of 
meningiomas, granular cell meningiomas have 
been described in humans and domestic animals. 
In addition to intracranial meningiomas, 
extracranial meningiomas have been reported in 
dogs and humans, with the spinal cord, orbital, 
paranasal, and cutaneous locations most 
common. In an investigation of two cases of 
canine cutaneous meningioma, neoplastic cells 
were immunopositive for vimentin, but 
immunonegative for cytokeratin, and 
neurofilament, and scattered immunopositivity 
for S-100.9 This may showcase the degree to 
which neoplastic cell protein expression depends 
on the microenvironment. 
 
Standardization of neoplasm reporting provides 
an opportunity for the profession to truly perform 
more accurate statistical analyses and determine 
whether our current grading frameworks 
correlate with clinical outcomes, or whether they 
require revision. During discussion, the 

Cerebrum, dog. Because they arise in the meninges, a 
variably dense fibrous stroma may be seen in meningiomas. 
(HE, 216X) 

Cerebrum, dog. Mineralized areas “psammoma bodies” are 
often present in areas where neoplastic cells whorl and may 
coalescing into large areas of crystalline mineral ranging up 
to 0.75mm in diameter. 



moderator emphasized that saying "less than 1 
mitotic figure per…" does not represent an 
accurate, discrete fact about the neoplasm. If no 
mitotic figures are observed, state that in the 
report. There may be slight variation between 
pathologists, as it is unlikely they will evaluate 
the exact same 2.37 mm2 area, but variations 
should be small. The canine meningioma grading 
scheme is derived from human literature and is 
outdated. 
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CASE 4: 50365 (4153012-00) 
 
Signalment: 
7-year-old, female spayed, domestic shorthair cat 
(Felis catus) 
 
History: 
The cat presented with a several day history of 
inappetence and progressive tetra-ataxia. 
Supportive treatment was initiated. An evaluation 
by the Neurology department was suggestive of 
left central vestibular disease. An MRI was 
obtained, which showed an expansile soft tissue 
mass extending from the nasal cavity, through the 
cribriform plate and into the frontal sinuses and 
brain. A marked mass effect with trans-tentorial 
and foramen magnum brain herniation was 
observed. 
 
Gross Pathology: 
Respiratory: The nasal cavity has a white, firm, 
gelatinous mass that measures 2 x 1 x 1 cm and is 
most prominent on the left side. Impression 
smears are obtained.  
 
Nervous: The left frontal lobe of the brain has a 
focal, firm, white, gelatinous mass 
communicating with the nasal cavity that 
measures approximately 1.5 x 1.0 x 1.0 cm. The 
regional gyri are expanded (edema). The 
cerebellar vermis is markedly flattened and is 
visible through the foramen magnum. Upon 
removal of the calvarium, the vermis is markedly 
compressed and elongate (cerebellar coning; 
transforaminal herniation). Mild indentation of 



the occipital lobes is observed (presumed trans-
tentorial herniation).  
 
Laboratory results: 
Three impression smears of the left frontal 
lobe/nasal mass are examined. All samples are 
highly cellular and contain clusters of cells 
forming occasional acinar-like structures upon a 
background of amphophilic to basophilic 
(mucinous) material and peripheral blood. The 
cells are round to oval, with mild to moderate 
pleomorphism, and moderate amounts of 
basophilic cytoplasm. Many cells do not contain 
cytoplasm. Nuclei contain prominent single or 
multiple nucleoli. Occasional mitoses are found. 
 
 

Microscopic description: 
One section each from the rostral brain and nasal 
cavity contains a similar neoplastic process. The 
masses are well demarcated but infiltrative, 
densely cellular and comprised of neoplastic cells 
forming sheets, acini, rosettes and pseudorosettes 
amongst a scant fibrovascular stroma. The 
rosettes in some cases have a distinct lumen 
(Flexner-Wintersteiner); others contain fibrillar 
cytoplasmic processes (Homer-Wright) (brain), 
(nasal cavity). Less frequent perivascular 
pseudorosettes are observed. Neoplastic cells are 
round, oval and cuboidal to columnar, with scant 
to moderate amounts of eosinophilic cytoplasm 
and round to oval central or basilar nuclei. Nuclei 
contain moderately coarse chromatin and an 
indistinct or single central nucleolus. In regions 

Brain and nasal cavity, dog. An MRI shows an expansile soft tissue mass extending from the nasal cavity, through the cribriform 
plate and into the frontal sinuses and brain (Figure 1). The nasal cavity has a white, firm, gelatinous mass that measures 2 x 1 x 
1 cm and is most prominent on the left side (Figure 2). The left frontal lobe of the brain has a focal, firm, white, gelatinous mass 
communicating with the nasal cavity that measures approximately 1.5 x 1.0 x 1.0 cm (Figure 3). An impression smear of the left 
frontal lobe/nasal mass is highly cellular and contain clusters of cells forming occasional acinar-like structures upon a background 
of amphophilic to basophilic (mucinous) material and peripheral blood (Figure 4). Three impression smears of the left frontal 
lobe/nasal mass contain clusters of cells forming occasional acinar-like structures upon a background of amphophilic to basophilic 
(mucinous) material and peripheral blood (Figure 4). (Photos courtesy of: Animal Medical Center https://www.amcny.org/) 



with the highest mitotic activity, there are greater 
than 100 mitoses in an area of 2.37mm2 (10 high 
power fields with a 40x objective, 10x ocular FN 
22mm, FOV diameter 0.55 mm).3 Multifocal to 
coalescing necrosis is scattered throughout the 
neoplastic populations in both locations, with 
regional nuclear pyknosis and karyorrhectic 
debris. Mineralized vessels are observed in the 
brain sections. In the adjacent brain parenchyma, 
there are variable amounts of rarefaction with 
increased numbers of glial cells, including 
gemistocytic astrocytes and Gitter cells. In these 
regions, small caliber vessels are prominent with 
increased branching, endothelial hypertrophy and 

loosely separated white matter (edema). Few 
scattered perivascular lymphocytes and plasma 
cells are observed. In the leptomeninges of the 
surrounding brain, small populations of 
inflammatory cells are present, including 
lymphocytes and plasma cells.  
 
In the nasal cavity, inflammatory cells are present 
adjacent to the mass, including numerous 
neutrophils with fewer foamy macrophages, 
lymphocytes, plasma cells and occasional 
lymphoid follicle formation. The turbinate bones 
are irregular with reversal lines and multifocal 

Brain and nasal cavity, dog. Similar neoplasms are seen in both locations. The masses are well demarcated but infiltrative, 
densely cellular and comprised of neoplastic cells forming sheets, acini, rosettes and pseudorosettes amongst a scant 
fibrovascular stroma. There are areas of necrosis scattered throughout both masses. (Fig. 5-6). The rosettes in some cases have 
a distinct lumen (Flexner-Wintersteiner); others contain fibrillar cytoplasmic processes (Homer-Wright) (Figure 7 (brain), Figure 
8 (nasal cavity)) (Photos courtesy of: Animal Medical Center https://www.amcny.org/) 



lysis with infiltration by the neoplastic 
populations. 
 
Contributor’s morphologic diagnosis: 
Brain and nasal cavity: Olfactory neuroblastoma 
(cannot rule out neuroendocrine carcinoma) with 
intralesional and regional necrosis, edema, 
gliosis, encephalitis and rhinitis, neutrophilic, 
lymphoplasmacytic, moderate, chronic. 
 
Mitotic count: Up to 115 
Immunohistochemistry (brain and nasal cavity): 
Immunopositive for MAP-2, pancytokeratin 
(AE1/AE3), Synaptophysin, NSE; scant 
immunopositivity for NeuN, immunonegative for 
Chromogranin 

 
Contributor’s comment: 
The histologic and immunohistochemical 
findings are supportive of a primary olfactory 
neuroblastoma (esthesioneuroblastoma), 
however, neuroendocrine carcinoma cannot be 
ruled out without ultrastructural evaluation or 
additional immunohistochemistry. This 
neoplasm infiltrated through the cribriform plate 
and into the brain, resulting in increased 
intracranial pressure, transforaminal and 
transtentorial herniation. In one case series, the 
most common clinical signs in dogs and cats with 
olfactory neuroblastoma (ONB) included 
unilateral epistaxis, nasal discharge, anorexia, 

Brain and nasal cavity, dog. Multifocal to coalescing necrosis is scattered throughout the neoplastic populations in both locations 
(Figures 5,6,9), with regional nuclear pyknosis and karyorrhectic debris. Mineralized vessels are observed in the brain sections 
(Figure 10). The turbinate bones are irregular with reversal lines and multifocal lysis with infiltration by the neoplastic populations 
(Figure 11). Less frequent perivascular pseudorosettes are observed (Figure 12). (Photos courtesy of: Animal Medical Center 
https://www.amcny.org/) 



aggression and central nervous system (CNS) 
dysfunction.1 Additional differential diagnoses 
include neuroendocrine carcinoma, sinonasal 

undifferentiated carcinoma and malignant 
melanoma.1,12 
 

Brain and nasal cavity, dog. Neoplastic cells are Immunopositive for MAP-2, pancytokeratin (AE1/AE3), Synaptophysin, NSE; scant 
immunopositivity for NeuN, immunonegative for Chromogranin (Figures 13-18) (Photos courtesy of: Animal Medical Center 
https://www.amcny.org/) 



Tumors of the nasal cavity and sinuses are rare to 
infrequent in cats.1,5,12 Up to 90% of feline nasal 
and paranasal sinus tumors are reported to be 
malignant.7 Olfactory neuroblastoma (ONB) is a 
rare malignant neuroectodermal tumor of the 
nasal cavity and paranasal sinuses, thought to be 
derived from the olfactory neuroepithelium.1,5,12 
Olfactory neuroepithelium is present in the dorso-
caudal nasal cavity and includes the rostral 
turbinates, cribriform plate and rostral nasal 
septum.5,7 Indirect evidence suggests that these 
tumors may originate from olfactory stem cells.5,8 
These tumors are typically locally invasive with 
osteolysis and ethmoturbinate deformation.9 
Although the imaging features of this neoplasm 
are nonspecific, identification of a mass in the 
caudal nasal cavity with extension into the 
neurocranium are features that generate increased 
suspicion for ONB.10 Metastasis to regional 
lymph nodes and ocular structures has been 
reported in domestic animals, with one case 
report of distant metastasis to the liver and lungs 
in an Afghan hound.9 There was no evidence of 
metastasis in the regional lymph nodes or lungs 
in this case. 
 
The histologic appearance of ONBs is varied with 
a spectrum of morphologic subtypes.1,8 Well 
differentiated ONBs contain circumscribed 
lobules which are separated by a vascularized 
fibrous stroma with pseudorosettes and true 
rosettes.1 Pleomorphism, high mitotic activity 
and necrosis are infrequently observed, although 
the latter two features are more prominent in 
canine and feline ONB as compared with 
humans.1 Dense core neurosecretory granules and 
neurite-like cell processes can be observed 
ultrastructurally.1 
 
Histologic grading (Hyam’s classification in 
humans) is used to gauge prognosis and predict 
recurrence.1 The Kadish grading scheme (a 
system used for staging in humans) is based upon 
the local spread of the neoplasm.5 ONBs of dogs 
and cats were graded using the Hyam’s scheme in 
one study and evaluated lobular architecture, 
nuclear pleomorphism, fibrillary matrix, rosettes, 
mitoses, necrosis and calcification. Grades II and 
III were the most common in both dogs and cats 
in a series of 30 cases,1 with feline ONBs 
showing more differentiation and typically lower 

grades. Using this grading scheme, the current 
case would be high grade (III) due to the 
prominent mitotic activity and necrosis. In that 
case series, rosettes in feline tumors were more 
frequently observed than in canine tumors. This 
case showed frequent rosette formation. 
 
The immunohistochemical findings support the 
diagnosis of ONB, however, some of the 
differential diagnoses cannot be entirely ruled 
out. In the aforementioned case series, feline 
cases were immunopositive for microtubule-
associated protein-2 (MAP-2), Neuronal nuclei 
antigen (NeuN), and Neuron specific enolase 
(NSE).1 In our case, neoplastic cells were positive 
for MAP-2, NSE, Synaptophysin, Cytokeratin, 
and weakly for NeuN. Neoplastic cells were 
diffusely negative for Chromogranin. Despite the 
low specificity of NSE, expression with this 
marker is used to support the diagnosis of 
olfactory neuroblastoma.1,5 MAP-2 and NeuN are 
also considered reliable markers of neuronal and 
neuroendocrine tumors in humans.1 In one study 
involving feline esthesioneuroblastoma, NeuN (a 
nuclear stain) did not stain central regions or cells 
within rosettes, a pattern which differed from that 
of dogs.1 Infiltrating populations of neoplastic 
cells at the periphery of feline ONBs stained with 
NeuN, however this marker is less useful as a 
diagnostic marker for this neoplasm in cats.1 The 
neoplastic cells in this case were diffusely 
immunopositive for pancytokeratin (AE1/AE2), 
which is typically a feature of neuroendocrine 
carcinoma.12 Coexpression of NSE, 
Neurofilament protein (NF) and cytokeratin in 
human ONB has been attributed to the possible 
genesis from olfactory basal cells which are 
progenitors of olfactory receptor (neuronal) cells 
and sustentacular (epithelial) cells.8 Rare 
expression of MAP-2 and NeuN can occur in 
neuroendocrine carcinomas of humans.1 ONBs 
are consistently negative for epithelial membrane 
antigen (EMA) and carcinoembryonic antigen 
(CEA) which were not performed in this case due 
to lack of availability. Definitive differentiation 
would require ultrastructural evaluation or 
immunohistochemistry for EMA or CEA.1,12 
Both mitotic count and Ki67 labelling index (a 
marker of cell proliferation), were found to be 
much higher in feline and canine tumors as 
compared with human olfactory 



neuroblastomas.1 Ki-67 labelling correlated 
strongly with tumor grade in that study.1,5 
 
FeLV has been associated with olfactory 
neuroblastoma, however, no causal role was 
established.8 In three feline cases of spontaneous 
olfactory neuroblastoma, numerous mature C 
type retrovirus particles were identified within 
the tumors. Two of the three cats were 
serologically positive for FeLV (the third was not 
tested).5,8 Olfactory neuroblastoma in humans 
and animals is similar with regards to 
morphology, ultrastructure, molecular and 
immunohistochemical features. Applying human 
staging and grading schemes may be useful for 
prognosticating these tumors in veterinary 
patients. Animal models of ONB may be helpful 
in the development of new treatment approaches.5 
 
Contributing Institution: 
Animal Medical Center 
https://www.amcny.org/ 
 
JPC diagnosis: 
Nasal cavity and cerebrum: 
Esthesioneuroblastoma (olfactory 
neuroblastoma). 
 
JPC comment: 
The contributor summarizes olfactory 
neuroblastoma well and illustrates the difficulty 
in differentiating esthesioneuroblastoma from 
neuroendocrine carcinoma. With H&E sections 
alone, it is not possible to eliminate 
neuroendocrine carcinoma as a potential 
differential diagnosis. 
 
With an eye on improving chemotherapeutic 
targets, a recent retrospective analysis of 23 
human olfactory neuroblastomas used DNA 
sequencing, whole genome RNA microarrays, 
gene copy number assays, and 
immunohistochemistry to characterize the 
molecular characteristics of neoplastic cells. 
They found that 63% of cases had genetic 
mutations, including TP53, CTNNB1, EGFR, 
APC, cKIT, cMET, PDGFRA, CDH1, FH, and 
SMAD4.11 A different study found a number of 
olfactory neuroblastoma cells express 
programmed death-ligand 1 (PD-L1)4, but this 
was not found in the current study. An 

independent study determined that 86% of 
studied olfactory neuroblastomas had deletions in 
the Dystrophin gene at the DMD locus, which is 
responsible for the expression of dystrophin.3 The 
association between this mutation and 
pathogenesis is not yet clear but may warrant 
additional research. 
 
Recent investigation into nine canine high-grade 
olfactory neuroblastomas found variable 
immunoreactivity of neoplastic cells to 
chromogranin, NF, synaptophysin, AE1/AE3 
cytokeratin, and MAP2. However, all cases that 
were evaluated for beta-III tubulin (TuJ-1) 
demonstrated strong cytoplasmic 
immunoreactivity. Because there are overlapping 
immunohistochemical profiles of neuroendocrine 
carcinoma and olfactory neuroblastoma, TuJ-1 
may represent a strong candidate for confirming 
a diagnosis of olfactory neuroblastoma.2 
 
During discussion, the moderator emphasized the 
importance of standardized reporting for 
neoplasms. Organized reporting allows for the 
collection of important information that may help 
create future grading frameworks and allow the 
pathologist and clinician to provide important 
prognostic information to the client. The below 
example synoptic report was created for this case. 
Hopefully with standardization and 
collaboration, sample sizes can be pooled more 
easily to create statistical analyses with greater 
power. 
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 Synoptic Report Example 
 

Mass size 2x1x1 cm (nasal) and 1.5x1x1 cm (brain) 
How measured Grossly 
Location Nasal cavity/brain 
MC Up to 115 
Necrosis Present 
Histologic Grade Grade III (human scheme - Hyam's) 
Lymphovascular invasion Not observed 
Extension beyond compartment Yes - nasal cavity into brain 
How determined Imaging, gross histopath 
Diagnosis Olfactory neuroblastoma 
Ancillary tests IHC: Synaptophysin, NSE, MAP-2, NeuN+, 

Chromogranin equivocal, CEA, EMA - 
Metastasis Not documented with postmortem examination (gross 

and histopath) 
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1. Which of the following immunostains would likely be negative in a chemodectoma? 
a. Synaptophysin 
b. Chromogranin A 
c. NSE 
d. Inhibin 

 
2. One study in dogs with ARVH demonstrated mutations in which of the following in 65% of 

cases? 
a. Striatin 
b. Desmocollin 
c. Desmoglein 
d. Plakophilin 

 
3. Which of the following statements bout canine meningiomas is NOT true? 

a. Most are benign. 
b. Female dogs are predisposed. 
c. They account for 33-49% of all primary brain tumors. 
d. They occur primarily in middle-aged and older dogs. 

 
4. Which of the following immunostains would likely be negative in a meningioma? 

a. GFAP 
b. Vimentin 
c. Cytokeratin 
d. E-cadherin 

 
5. Which of the following immunohistochemical markers would be negative in an 

esthesioblastoma (olfactory neuroblastoma) ? 
A. Chromagranin A 
B.  MAP-2 
C.  Cytokeratin 
D.  NSE 

 

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 2020-2021 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.  



Joint Pathology Center 

 

Veterinary Pathology Services 
 

WEDNESDAY SLIDE CONFERENCE 
2020-2021 

 

 Conference 19  
 

17 February, 2021 

  
  
  
Joint Pathology Center  
Silver Spring, Maryland 
 

 

 
 
 

1 
 

Joint Pathology Center 
Veterinary Pathology Services 

 

WEDNESDAY SLIDE CONFERENCE 2019-2020 

C o n f e r e n c e 16      29  January 2020 
Dr. Ingeborg Langohr, DVM, PhD, DACVP 
Professor 
Department of Pathobiological Sciences 
Louisiana State University School of Veterinary Medicine 
Baton Rouge, LA 

 

 
 

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 1: 200720011 (4152712-00) 
 
Signalment: 
A 57.4 lb, adult, female, tan and white kangaroo 
(Macropus sp.) in good body condition. 
 
History: 
Kangaroos in an exhibit were stung by a swarm 
of honeybees (Apis mellifera). Several kangaroos 
died over the next 4 days. 
 
Gross Pathology: 
At necropsy, there was marked facial swelling, 
more prominent over the right mandible, and 
diffuse icterus. The lungs were rubbery and 
meaty with red to dark red coalescing areas. The 
liver was diffusely yellow with an accentuated 
reticular pattern. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Heart (left ventricle papillary muscle and 
myocardium): The subendocardial myocardium 
has multifocal areas of acute coagulative necrosis 
(more prominent in other sections) accompanied 
by moderate hemorrhage. Within these areas, and 
to a lesser extent deeper in the myocardium, 
cardiomyocytes exhibit variable swelling, 
sarcoplasmic hypereosinophilia, vacuolation, 
myofibrilysis, fragmentation and/or loss of cross 

striations. Early neutrophilic infiltration and 
pyknosis/karyorrhexis/apoptosis of leukocytes, 
interstitial cells, and cardiomyocytes are noted. In 
affected areas, capillary walls are disrupted and 
may have lost their endothelial lining and wall 
detail. The interstitium is expanded by clear 
space, light basophilic fluid and eosinophilic 
globules (serous fluid, myoglobin). 
 
Kidney (cortex and medulla): Despite some 
postmortem autolysis and decomposition 
phenomena, diffusely, tubuloepithelial cells of 
cortical and medullary convoluted tubule 
segments exhibit acute degenerative and necrotic 
changes. These include attenuation, swelling, 
vacuolation, hypereosinophilia, 
pyknosis/karyorrhexis/apoptosis, partial 
preservation of cellular outlines and detachment 

Multiple tissues, kangaroo. Multiple sections of heart, liver, 
and kidney are submitted for examination. Areas of 
hemorrhage may be seen in all three organs at low 
magnification. (HE, 6X) 



from the underlying tubular basement membrane. 
Some of these tubules show tubulorrhexis. 
Affected lumens are often dilated and contain a 
combination of cellular and proteinaceous casts 
and red granular material 
(hemoglobin/myoglobin). Few tubule segments 
show early regenerative attempts including ample 
polygonal epithelial cells with large nuclei, 
prominent nucleoli and rare mitotic figures. 
Multifocal acute hemorrhage and 
hypereosinophilic fluid expand the interstitium. 
 
Liver (including Glisson's capsule): Multiple 
subcapsular hepatic lobules show diffuse acute 
coagulative necrosis and hemorrhage. In these 
areas, hepatocytes exhibit cytoplasmic 
vacuolation, hypereosinophilia, 
pyknosis/karyorrhexis/apoptosis, cell disruption, 
dissociation and/or loss. Also, there is early 
neutrophilic infiltration with fibrin and edema. 
Few bile duct profiles remain and contain scarce 
early oval cell hyperplasia/ductular metaplasia 
are noted. In adjacent lobules, hepatocytes exhibit 
prominent macro- and microvacuolar change 
(lipid type), more severe in midzonal to 
centrilobular areas. Smaller discrete clusters or 
single hepatocyte necrosis and hemorrhage are 
noted in these areas. Sinusoids are collapsed and 
there is loss of the space details. Some terminal 

plates and subterminal hepatocytes are of Disse 
and endothelial profile relatively preserved. 
 
Contributor’s morphologic diagnosis: 

1. Heart: Marked, multifocal, acute 
myocardial coagulative necrosis with 
hemorrhage. 

2. Kidney: Marked, diffuse, acute 
tubuloepithelial degeneration and 
necrosis with tubular proteinosis, 
hemoglobin/myoglobin casts and 
hemorrhage. 

3. Liver: Marked, multifocal, acute hepatic 
necrosis with hemorrhage. 

 
Contributor’s comment: 
Based on the clinical history and the pathologic 
findings, fatal "bee massive envenomation" (so 
called "systemic toxic reaction") was determined 
as the cause of death in this kangaroo.14 
Reasonable differential diagnoses in this case 
may include: infectious diseases e.g., 
toxoplasmosis and acute toxicities e.g., 
mebendazole toxicosis (previously associated 
with "hemorrhagic septicemic syndrome", 
anticoagulant poisoning, copper toxicosis, 
Lantana camara toxicosis, snake envenomation, 
among others.20 Visual confirmation of honeybee 
attack and the cutaneous changes observed over 

Heart, kangaroo. There are coalescing areas of coagulation necrosis of cardiac myocytes, as well as interstitial hemorrhage, 
edema, and early inflammation. (HE, 188X) 



the right mandible were crucial components to 
reach a final diagnosis. 
 
The Apoidea (bees) and Vespoidea (wasps, 
hornets, and yellow jackets) are among the most 
medically relevant hymenoptera worldwide. The 
incidence of bee stings has increased over the last 
decades and are regarded a public health concern 
throughout most of the Americas.17 Given that the 
stinging events are rarely witnessed, and the 
pathologic findings are non-specific,7 fatal bee 
envenomation other than in humans and dogs is 
likely underreported. Few cases involving horses 
and sheep have been published.15,18,19 Most 
hymenopteran stings are self-limiting events 
albeit in a number of cases, victims may 
experience immediate life-threatening 
anaphylactic reactions. In humans, the estimated 
lethal dose ranges between 2.8 and 3.5 mg of 
venom per kg of body weight.12 Noteworthy, 
anaphylactic reactions to Hymenoptera stings are 
not volume-dependent (or related to the number 
of stings). This is opposed to the direct toxic 
effects (volume-dependent) exerted by some of 
the venom's components. Indeed, the severity of 
the envenomation is determined by a combination 
of the victim's age, body weight, number of 
stings, and other individual characteristics of the 

victim such as the immune status, comorbidities, 
and previous sensitization.12 
 
Bee venom is a complex mixture of compounds 
that includes proteins, peptides, amino acids, 
phospholipids, sugars, biogenic amines, volatile 
compounds, pheromones, and water.4 The main 
components with clinicopathological relevance 
are melittin, phospholipase A2 (PLA2), apamin, 
hyaluronidase, mast cell degranulating peptide 
(MCD), vasoactive amines (e.g., histamine, 
dopamine, and norepinephrine), phospholipases 
B (PLB), serotonin, adolapin, acid phosphatase, 
and minimine. Briefly, melittin is a lytic peptide 
that is able to disrupt membrane phospholipids. 
Phospholipase A2 acts in concert with melittin 
("bee hemolytic factor") to cause intravascular 
hemolysis. Apamin is a neurotoxin that 
selectively inhibits Ca2+-dependent K+ channels, 
with potent action on the central nervous system. 
Hyaluronidase ("spreading factor") alters cell 
permeability and disrupts collagen, thereby, 
allowing other venom components to penetrate 
into the victim's tissues. MCD causes mast cells 
to degranulate, releasing histamine and 
vasoactive amines; however, in high quantities, it 
may be anti-inflammatory.12 
 

Liver, kangaroo: There is a well-demarcated area of massive subcapsular coagulative hepatocellular necrosis. Adjacent 
centrilobular and midzonal hepatocytes have large cytoplasmic lipid vacuoles. (HE 203X). 



Clinically, bee envenomation may be divided into 
1) local inflammatory reactions; 2) allergic 
manifestations; 3) anaphylactic shock; 4) delayed 
hypersensitivity reaction, and 5) systemic toxic 
reactions (so called "massive envenomation" or 
"envenoming syndrome").6 Most deaths related 
to hymenoptera stings are the direct result of the 
immediate hypersensitivity reaction. In sensitized 
individuals (previous contact with bee venom), 
IgE antibodies attach to tissue mast cells and 
basophils causing their degranulation with 
subsequent release of vasoactive substances, 
leukotrienes, histamine, and eosinophil 
chemotactic factor-A. In anaphylactic reactions, 
death may ensue within several minutes. 
Furthermore, some deaths are attributed to severe 
local reactions involving the upper airways and 
respiratory obstruction (asphyxia). In those, the 
respiratory tract may present massive edema, 
obstructive secretions, and total collapse or 
severe reduction in functional airway diameter.16 
Massive envenomation from swarm stings can 
also cause death via non-allergic mechanisms.3 In 
the latter scenario, death may result from three 
major mechanisms: 1) direct venom toxicity, 2) 
intravascular hemolysis mediated by bee 
hemolytic factor, and 3) severe hypotension 
resulting from massive histamine release.16 
Together, these mechanisms have a cumulative, 

cascading effect, resulting in multiorgan 
dysfunction syndrome (MODS) characterized by 
acute renal failure, respiratory distress. 
rhabdomyolysis, myoglobinemia, myocardial 
infarction, hepatic necrosis, disseminated 
intravascular coagulation (DIC), intravascular 
hemolysis, and hemorrhage. 
 
Histopathologic findings in fatal bee 
envenomation are not specific. In cases of 
massive envenomation, acute renal tubular 
necrosis; fatty degeneration of the kidneys, liver, 
and myocardium; hyaline membrane disease; and 
splenic hemorrhage and infarction have been 
documented. Specifically, renal injury may result 
from the combination of hemoglobin/myoglobin 
noxious effect, direct toxicity and hypotension 
secondary to anaphylactic shock.6 Melittin and 
PLA2 may cause endothelial damage 
(angiopathy) leading to increased vascular 
permeability, thrombosis and infarction. The 
histopathological features observed in the 
presented kangaroo recapitulated these 
pathological findings documented in human and 
animal fatalities linked to bee massive 
envenomation. These lesions were the result of 
systemic microangiopathy, DIC and hemorrhage 
leading to and aggravated by shock with eventual 
death. To the best of our knowledge, this 

Kidney, kangaroo. There are focally extensive areas of acute tubular necrosis with abundant cellular debris within the tubular 
lumen. (HE, 150X). 



represents the first description of fatal bee 
envenomation in macropodids. 
 
The diagnosis of bee massive envenomation is 
one of exclusion and should stem from a history 
of suspected or confirmed exposure to numerous 
bees matched with the onset of appropriate 
clinical signs and compatible pathologic findings. 
Furthermore, determination of tryptase levels (a 
mast cell-specific enzyme released upon mast cell 
degranulation) and venom-specific IgE are of 
postmortem diagnostic value in human 
forensics.5,10 Its usefulness has not been 
investigated in veterinary species; further 
research is warranted 
 
Contributing Institution: 
Texas A&M Veterinary Medical Diagnostic 
Laboratory 
483 Agronomy Rd 
College Station, TX 77843 
 
JPC diagnosis: 

1. Heart, myocardium: Coagulative 
necrosis, multifocal to coalescing, with 
hemorrhage. 

2. Liver, hepatocytes: Coagulative necrosis, 
subcapsular, massive, with diffuse, 
hepatocellular lipidosis.  

3. Kidney: Acute tubular necrosis, 
multifocal to coalescing, with cellular 
and erythrocytic casts. 

 
JPC comment: 
The contributor provides a concise summary of 
this interesting case, and a great deal of the 
current knowledge regarding bee envenomation. 
While envenomation from the honeybee is 
always a concern for some individuals, the 
Africanized honeybee became a new threat to 
human and veterinary patients starting in the late 
1980's. These bees (Apis mellifera scutellata) 
tend to be more territorial, faster to defend and 
attack, have slightly different composition of 
their venom, and have been called "killer bees" 
colloquially. After a colony of European 
honeybees is disturbed, it takes the bees 
approximately 2.9 minutes to "settle", but killer 
bees take 28.2 minutes to "settle". Killer bee 
venom contains higher concentrations of 
phospholipase A2 than European honeybee 

venom, the most allergenic component of the 
venom.13 
 
While phospholipase A2 (also called Api m 1) is 
well characterized in bee venom, phospholipase 
A1 is more abundant in wasps and ants. It has 
been well characterized in fire ant (Solenopsis 
invicta) venom. The phospholipase A2 in bee 
venom belongs to a subgroup of small, secreted 
Ca2+-dependent phospholipase A2s with a highly 
conserved Ca2+ binding site. These molecules are 
dependent on millimolar concentrations of 
calcium for their catalytic activity. And while 
PLA2 is responsible for histamine release from 
leukocytes, it is also involved in LTC4 production 
and upregulation of CD63 in mast cells and 
basophils. Additionally, PLA2 induces 
production of IL-4, a critical component of the 
Th2 response and class switching to IgE in B-
cells.11 
 
As the contributor stated, intravascular hemolysis 
may be found clinically in animal affected by bee 
envenomation. Specifically, bee venom may 
cause hemolytic anemia, echinocytosis, 
spherocytosis, thrombocytopenia, 
hemoglobinemia, and hemoglobinuria. In the 
past, it had been assumed that in all cases, 
hemolytic anemia was immune-mediated, but 
recent cases have illustrated the cause of 
hemolysis to be destruction of erythrocytes by 
melittin forming large pores in the cellular 
membrane. PLA2 also causes echinocytosis, 
spherocytosis, and mitochondrial degeneration in 
platelets. However, in delayed reaction, some 
mechanisms of disease are still likely antibody 
mediated.8 
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CASE 2: VP18063 (4134595-00) 
 
Signalment: 
Two-year-old, male, four-toed hedgehog 
(Atelerix albiventris) 
 
History: 
He had 10-day history of lethargy and anorexia. 
Abdominal ultrasonography showed 
splenomegaly, and chest X-ray imaging revealed 
decreased permeability in the lung fields. 
Corticosteroid and antibiotic therapies were 
continued for 4 days, but he died eight days later. 
 
Gross Pathology: 
At necropsy, the hedgehog was thin and weighed 
288 g (normal body weight is approximately 400 
g). The left hindlimb was markedly swollen and 
on its distal end was a black scab. The spleen was 

Spleen, hedgehog. The spleen is enlarged, and its 
architecture effaced by a cellular infiltrate with multifocal 
areas of pallor (necrosis). (HE, 5X). 



discolored and markedly enlarged. The spleen, 
liver, and lung had multifocal, white foci of 
varying sizes (1 mm-4 mm). The left inguinal 
lymph node was moderately enlarged. 
 
Laboratory results: 
Peripheral blood smear: Peripheral blood smear 
showed prominent leukocytosis with a ratio of 
11% stab cells (bands), 16% segmented 
neutrophils, 2% lymphocytes, 4% monocytes, 
and 67% eosinophils. Eosinophils were large 
(14–18 µm diameter) and round with abundant 
small, round, eosinophilic cytoplasmic granules. 
The nuclei were round to reniform and had coarse 
and aggregated chromatin pattern. Mature 
segmented eosinophils were sometimes 
observed. 
 
PCR: Mycobacterium marinum was confirmed 
by broad-range PCR amplification of bacterial 
16S rDNA and sequencing of paraffin tissues 
from the lung. 
 
Special stain (Ziehl-Neelsen stain): Spleen, lung, 
liver, left inguinal lymph node, and distal end of 
left hindlimb: Moderate to large number of acid-
fast bacilli were within the granulomatous lesion. 
 

Immunohistochemistry: Spleen, lung, liver, left 
inguinal lymph node, and distal end of left 
hindlimb: Immunohistochemistry using rabbit 
polyclonal Mycobacterium bovis antibody 
confirmed the presence of intracellular and 
extracellular bacilli. 
 
Microscopic description: 
Spleen: The splenic parenchyma was effaced by 
diffusely infiltrated round cells and multifocal-to-
coalescing necrotizing granulomatous lesions 
infiltrated with macrophages, neutrophils, and 
eosinophils. The infiltrated round cells were of 
intermediate size with distinct cell borders and 
had moderate amount of cytoplasm composed of 
abundant eosinophilic granules. The eosinophils 
had round, hyperchromatic nuclei with diameters 
ranging from 4 to 6 microns, and sometimes 
showed reniform or two-lobed nuclei. Mitotic 
figures were rare. Eosinophils infiltrated the 
splenic trabeculae and around trabecular arteries, 
and partially, in the extracapsular region. Rarely, 
poorly stained bacilli were observed within 
macrophages and necrotizing area in the 
granulomatous lesion. Erythroid and myeloid 
precursors and megakaryocytes were diffusely 
scattered (extramedullary hematopoiesis). 
 

Spleen, hedgehog. The splenic pulp is effaced by large numbers of eosinophils. Eosinophilic nuclei are often round, rather than 
bilobed. (HE, 400X). 



Lung, liver, left inguinal lymph node, and distal 
end of left hindlimb (not submitted): Eosinophil 
infiltration observed around the vessels and 
granulomatous lesions of the spleen were 
similarly observed in the lung, liver, left inguinal 
lymph node, and distal end of the left hindlimb.  
 
Contributor’s morphologic diagnosis: 
1. Spleen: Eosinophilic leukemia. 
2. Spleen: Splenitis, necrotizing 

granulomatous, multifocal to coalescing, 
with intracellular and extracellular bacilli. 

3. Spleen: extramedullary hematopoiesis. 
 
Contributor’s comment: 
Histopathologic lesions in the spleen showed 
eosinophilic leukemia and necrotizing 
granulomatous inflammation, suggesting 
involvement of a pathogen. Mycobacterium 
marinum was confirmed by PCR, Ziehl-Neelsen 
stain, and immunohistochemistry. 
 
Eosinophilic leukemia (chronic eosinophilic 
leukemia), also called myeloproliferative 
neoplasia, is a subtype of chronic myeloid 
leukemia that is rare in animals.3 In four-toed 
hedgehogs, five cases of eosinophilic leukemia 
have previously been reported.4,6,8 Eosinophilic 
leukemia needs to be differentiated from 

hypereosinophilic syndrome, as both conditions 
are characterized by eosinophil infiltration of 
bone marrow and systemic organs. Eosinophilic 
leukemia is distinct from hypereosinophilic 
syndrome in that the eosinophils show a more 
immature morphology and that there are no 
factors that increase eosinophils, such as allergic 
diseases and parasitic infections.13 Although the 
bone marrow could not be examined because a 
cosmetic necropsy was performed, a diagnosis of 
eosinophilic leukemia was made as the 

Spleen, hedgehog. Scattered throughout the section, there are foci of macrophages which contain numerous intracytoplasmic 
bacilli. (HE, 400X) 

Spleen, hedgehog. An acid-fast stain demonstrates long 
filamentous bacilli within macrophage cytoplasm. (Ziehl-
Neelsen, 400X). (Photo courtesy of: Laboratory of 
Pathology, Faculty of Pharmaceutical Sciences, Setsunan 
University, 45-1 Nagaotohge-cho, Hirakata, Osaka 573-
0101, Japan) 



eosinophilic nuclei were round to uniform in 
shape, which suggest immature morphology. 
 
Mycobacterium marinum is a causative agent of 
mycobacteriosis in freshwater and saltwater 
fishes.5 This pathogen often causes skin 
infections via traumatic injuries in humans 
through contaminated fish and fish tank. 
Therefore, many human patients are found to be 
aquarium fish owners, pet shop workers, 
aquarium workers, and workers in the fish 
market.5,11 Generally, M. marinum acts as an 
opportunistic pathogen, and causes localized skin 
lesions called ‘fish tank granuloma’ in most 
human patients.5 However, 
immunocompromised or immunosuppressed 
patients often develop more severe lesions that 
may progress to disseminated infection.5 M. 
marinum is ubiquitous in the aquatic environment 
and is often isolated from reptiles and 
amphibians, and sometimes causes disease in 
these animals.7,14 In mammals except humans, 
nontuberculous mycobacteriosis caused by M. 
marinum has only been reported in the European 
hedgehog (Erinaceus europaeus).12 
 
This was a case of systemic infection caused by 
M. marinum. It is thought that the acid-fast bacilli 
infected the left hindlimb first, then spread to 
systemic organs. The four-toed hedgehog was 
kept in the household as a pet, but the source of 

infection is unknown. It is possible that the 
infection worsened due to a reduction in systemic 
immunity caused by eosinophilic leukemia. 
 
Contributing Institution: 
Laboratory of Pathology 
Faculty of Pharmaceutical Sciences 
Setsunan University 
45-1 Nagaotohge-cho 
Hirakata, Osaka 573-0101, Japan 
 
JPC diagnosis: 

1. Spleen: Eosinophilic leukemia 
(chloroleukemia). 

2. Spleen: Splenitis, granulomatous, 
multifocal, to coalescing, with 
intrahistiocytic bacilli. 

 
JPC comment: 
The contributor summarized this case in an article 
published in 2020. While considered a rare 
disease in domestic animals, eight cases have 
previously been reported prior to this case, 
suggesting that these species may have a 
predisposition to this disease. While not available 
in this case, evaluation of bone marrow would 
provide more clinical data to definitively classify 
this case.9 
 
The World Health Organization (WHO) currently 
defines chronic eosinophilic leukemia - not 
otherwise specified (CEL-NOS) a clonal 
expansion of eosinophils, with ≥ 1.5 x 109/L 
absolute eosinophils in peripheral blood 
accompanied by either the presence of myeloblast 
excess (>2% in peripheral blood or 5-19% in 
bone marrow) or the presence of a clonal 
cytogenetic abnormality.2 The CEL-NOS 
excludes a variety of chronic eosinophilic 
leukemias that are attributed to known mutations, 
such as rearrangement of PDGFRA, PDGFRB, or 
FGFR1, or PCM1-JAK2, ETV6-JAK2, or BCR-
JAK2 fusion.1 
 
Recent investigation of a human case of chronic 
eosinophilic leukemia revealed no mutations in 
PDGFRA, PDGFRB, FGFR1, and several other 
known myeloproliferative mutations. However, 
using next-generation sequencing, this patient's 
leukemia was characterized by an 
insertion/deletion mutation in exon 13 of JAK2 

Spleen, hedgehog. Immunohistochemistry against 
Mycobacterium marinum highlights bacilli within 
macrophage cytoplasm. (anti-M. marum, 400X) (Photo 
courtesy of: Laboratory of Pathology, Faculty of 
Pharmaceutical Sciences, Setsunan University, 45-1 
Nagaotohge-cho, Hirakata, Osaka 573-0101, Japan) 



(JAK2ex13InDel).10 While this mutation is not the 
basis of every case of human chronic eosinophilic 
leukemia, and veterinary species may have a 
different basis of pathogenesis, additional 
research may reveal a common mutation that 
could be targeted with therapeutics to improve 
outcomes. 
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CASE 3: X-27229-14 (4066657-00) 
 
Signalment: 
Approximately 1 year-old, male, pastel, farmed 
mink, Neovison vison (formerly Mustela vison) 
 
History: 
A new line of pastel mink was purchased in the 
spring of 2014. One of the purchased juvenile 
mink subsequently developed irregular, 
coalescing, areas of alopecia and scaling over the 
dorsal trunk. That animal was culled. Later that 
fall, 4 more animals (out of 900) developed 
similar skin lesions. One of these mink was 
euthanized (using carbon monoxide inhalation) 
and sent for necropsy. This condition does not 
appear highly contagious as other mink in contact 
with affected ones did not develop lesions and the 
incidence of lesions was low. The farm of origin 
has rarely seen similar cases. The current ranch is 
reportedly free of Aleutian disease. 
 
Gross Pathology: 
A young, adult, male, pastel (light tan colored) 
mink was examined. The carcass had been frozen 
and thawed prior to examination. Along the 
dorsal trunk, extending from the shoulder to the 
lumbar area were irregular, coalescing, 
serpiginous or track-like, partially alopecic areas 
where the exposed skin was scaly and scabby. 
The remaining carcass was grossly unremarkable. 
 
 



Laboratory results: 
Bacterial culture of the affected skin yielded a 
moderate growth of normal flora and a heavy 
growth of fungi. The fungal isolates were 
subsequently cultured on both Sabouraud 
dextrose and potato-dextrose agar which 
produced powdery, white to cream-colored 
spores and hyaline hyphae with a distinct yellow 
pigmentation. Microscopic examination of these 
fungi identified macroconidia composed of 3-4 
cells that were club-shaped with smooth walls. 
Spherical to pyriform or oblong, microconidia 
that formed dense grape-like clusters long the 
sides of mycelia were also noted. These findings 
were compatible with Trichophyton sp. Genomic 
DNA was extracted from the cultured isolates for 
gene amplification by PCR and sequencing that 
identified this organism as Trichophyton equinum 
(publication in process). 
 
Microscopic description: 
The epidermis was mildly hyperplastic and 
covered by increased amounts of dense, ortho- 
and parakeratotic keratin which contained 
occasional small intracorneal aggregates of 
degenerate neutrophils. The upper portions of the 
walls of hair follicles were similarly, mildly 
thickened. In scattered follicles, myriads of 
densely packed, round, basophilic, 1-2 micron in 
diameter, arthrospores encircled hair shafts 
(ectrothrix arthrospores). Fewer, similar 
endothrix arthrospores and pale staining 

endothrix hyphae were present within affected 
hair shafts. These follicles were surrounded by 
mild infiltrates of lymphocytes, plasma cells, few 
macrophages and rare neutrophils. Several 
adjacent hair follicles had ruptured and were 
replaced by dense, nodular aggregates of 
macrophages admixed with neutrophils and cell 
debris often centered on hair shaft fragments. The 
latter also often contained endothrix arthrospores 
and pale hyphae. Arthrospores and hyphae were 
highlighted with PAS and Grocott's methenamine 
silver stains. With PAS staining, hyphae appeared 
septate, non-branching, and measured 
approximately 1.0 um in width. 
 
Contributor’s morphologic diagnosis: 
Haired skin, dorsal trunk: Moderate, multifocal, 
subacute, folliculitis/furunculosis with foci of 
nodular, pyogranulomatous dermatitis, mild, 
hyperkeratosis and numerous intralesional fungal 
arthrospores and hyphae (findings consistent with 
dermatophytosis or ringworm) 
 
Contributor’s comment: 
Dermatophytosis (or ringworm) infections are 
relatively common and affect species of farmed 
and domestic animals. In farmed mink, outbreaks 
many are relatively rare and have been attributed 
to Microsporum canis and Trichophyton 
mentagrophytes infections. In most reports, kits 
are most frequently and severely affected. 
Lesions in adult mink are much less common. 

Haired skin, mink. There is a dense inflammatory infiltrate highlighting hair follicles (HE, 6X). 



Morbidity and mortality are generally low but, 
fungal infection can cause significant damage to 
pelts, and thus large outbreaks can have a 
significant financial impact on producers.1,4 
 
Transmission of infection generally occurs via 
direct contact with infected animals or by fomites 
contaminated with hair or dandruff from an 
infected animal. Dermatophytes are 
keratinophilic and invade actively growing hair 
and follicular keratin. In most instances, patchy 
areas of alopecia and scaling are noted. Peripheral 
papules or erythematous rims generally surround 
more centrally located areas of clearing and 
healing.3 
 
In most instances, dermatophytes are well-
adapted to their hosts and have a preferential host 
range likely due to their specific nutritional 
requirements. In their preferred host, 
dermatophyte infection often induces minimal 
host inflammatory response. Many dogs and cats 
are asymptomatic carriers. Infection with 
dermatophytes that are not well adapted to a 
particular animal species may elicit a greater 
inflammatory reaction. In most cases, infections 
are self-limiting and healthy, immune-competent 
animals will eventually eliminate infection. 
Immunocompromised animals are at a greater 

risk of chronic and generalized disease. Most 
dermatophytes can cause zoonotic disease. 
 
The microscopic lesions in this case are quite 
classic of dermatophytosis and this case is not 
much of a diagnostic challenge. What makes it 
interesting, is the identification of the causative 
agent via gene sequencing. Trichophyton 
equinum, as the name implies, is typically 
associated with dermatophytosis in horses with a 
worldwide distribution. Reports of T. equinum 
infection in species other than horses is rare and 
limited to dogs and cats and humans with direct 
contact with infected horses. We could find no 
report of T. equinum infection in mink in the 
literature. Interestingly, near the time this case 
was diagnosed, another outbreak of 
dermatophytosis was diagnosed in 3 week old, 
kits on a different ranch. These were all dark 
color phase mink and involved seven litters in 2 
different sheds. No adult mink developed lesions. 
All the mink in each affected litter were 
euthanized. Microscopic lesions were identical to 
that described above and T. equinum was isolated 
from lesions. Testing for Aleutian disease in 
animals from both ranches was negative and there 
was no evidence of concurrent or underlying 
disease in any of the mink examined. 
 

Haired skin, mink. Follicles are effaced by a dense infiltrate of neutrophils. Hair shafts contain numerous ecto- and endothrix 
arthrospores and fungal hyphae (in the hair shaft at lower right.) (HE, 180X) 



In both instances, culling of infected animals 
resulted in control of infection and no new cases 
were reported. The origin of the T. equinum 
infection in both these ranches remains a mystery. 
The first case involving the adult pastel mink may 
have been the result of infection arising from the 
source farm. However, the source of infection in 
the second outbreak involving the mink kits is 
unknown. There were 2 different ranches with no 
close contact. Contaminated straw or wood-
shaving bedding and transmission from handlers 
were suggested possibilities. However, the 
bedding used had never been stored or been in 
direct contact with horses and no animal handlers 
on the ranch had lesions consistent with 
dermatophytosis. Contact with potentially 
infected cats and dogs and the ranch mink not 
considered likely. 
 
 
 

Contributing Institution: 
Department of Pathology/Microbiology 
Atlantic Veterinary College, University of Prince 
Edward Island 
www.avc.upei.ca 
 
JPC diagnosis: 
Haired skin: Dermatitis, folliculitis, and 
furunculosis, pyogranulomatous, multifocal, 
severe, with numerous endothrix and ectothrix 
arthrospores and hyphae. 
 
JPC comment: 
The contributor provides a concise summary on 
this case of dermatophytosis in mink, and 
subsequently published this case in 2015.7 There 
are a number of different species specific 
dermatophytes that affect domestic species, with 
occasional exceptions. There are more than 30 
species of dermatophytes that affect dogs and 
cats, but relatively few consistently cause 

Haired skin, mink. Numerous arthrospores and fungal hyphae are present within the hair shaft. (PAS, 400X) 



infection and disease. Microsporum canis, 
Microsporum persicolor, Trichophyton spp., 
Trichophyton erinacei, and Microsporum 
gypseum are the most often implicated agents in 
these species, with dogs occasionally being 
infected by multiple species of dermatophyte.6 
 
Contrary to naming convention, M. canis is most 
commonly associated with cats. Trychophyton 
mentagrophytes is typically acquired from small 
rodents, and M. gypseum is assumed to be 
acquired from outdoor activities involving 
digging or rooting, since M. gypseum is 
saprophytic. In the event of disruption of the 
stratum corneum, fungal arthrospores adhere to 
keratinocytes and migrate to the follicular orifice. 
Through production of keratinolytic enzymes, 
endoproteases, and exoproteases, dermatophytes 
are able to hydrolyze keratin, penetrate the hair 
shaft, and avoid some of the body's host defenses 
and sometimes UV light.5 
 
During the conference, there was discussion 
about culturing fungi. While Sabouraud's 
dextrose agar and potato-dextrose agar are 
commonly used for some species, dermatophyte 
test medium (DTM) is most commonly used for 
culturing dermatophytes. While most fungi 
metabolize carbohydrates, dermatophytes use 
nitrogen sources (keratin, proteins, amino acids) 
and produce alkaline byproducts. DTM contains 
Sabouraud's agar for a nutrient source, 
cycloheximide as a fungicide to prevent 
saprophytic fungal growth, an antibiotic (often 
chloramphenicol) to prevent bacterial growth, 
and phenol red to signal alkaline product 
production.2 
 
During discussion about which species of 
dermatophytes typically affect which animals, the 
moderator introduced most of the group to the 
term fossorial, characterizing animals that dig 
and burrow. The analogous adjective to describe 
tree dwelling animals is arboreal. The discussion 
was enjoyed by all. 
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CASE 4: W18-0154-4 (4132734-00) 
 
Signalment: 
Juvenile male red fox (Vulpes vulpes) 
 
History: 
This wild, juvenile, male red fox (Vulpes vulpes) 
was found moribund, lying on a storm drain cover 
in Washington, DC. The animal was thin, 
minimally responsive and had generalized 
alopecia with severe thickening, crusting and 
scaling of the skin, especially along the face, ears 
and dorsum. The fox was humanely euthanized. 
 
Gross Pathology: 
This fox was is in good postmortem condition and 
thin body condition (2.0 kg) with scant adipose 
stores and exaggerated bone prominences. The 
fur was multifocally thinned and the skin over 



most of the body was malodorous and markedly 
thickened by pale tan fissured crusts. The 
cranioventral portions of the left cranial and left 
caudal lungs lobes were consolidated, firm and 
pale brown. The right lung was mottled pink to 
dark red. In the free wall of the right ventricle of 
the heart, there was a 1 x 0.5 cm, well-demarcated 
focus of pale brown discoloration (euthanasia 
artifact). Small bronchi contained mucus and 
abundant, 0.5-1.5 cm long by < 1 mm diameter 
white worms. The stomach and small intestine 
contained mucoid dark brown to black material. 
The colon contained formed dark green-brown 
feces. No other gross lesions were appreciated. 
 
Laboratory results: 
Worms collected from the bronchi were 
examined by Dr. JM Kinsella, HelmWest 
Laboratory and were identified as Crenosoma 
vulpis based on the cuticular rings around the 
anterior end of males and the spicules, 
gubernaculum and bursal rays of the female. 
 
The brain was negative for Rabies virus via direct 
immunofluorescence. 
 
Microscopic description: 
Multifocally to regionally, the normal 
architecture of the lung is obscured by a florid, 
basophilic, densely cellular infiltrate that often 
completely fills the air spaces of bronchioles and 
surrounding alveoli. Within alveoli, 
inflammatory cells consist predominantly of 
neutrophils and foamy macrophages with fewer 
multinucleated giant cells and eosinophils, that 

are admixed with proteinaceous fluid (edema) 
and two types of nematode eggs and free larval 
nematodes. The more numerous eggs are 
approximately 70 by 35 um and embryonated, 
with a thin to inapparent wall and a 10 to 12 um 
diameter, coiled larva with small lateral alae. 
These larvae are also free within alveolar lumina. 
The second, less numerous, egg type is 
embryonated (but not larvated), approximately 70 
by 35 um, with bipolar plugs, a prominent, 
eosinophilic, 5 um thick wall containing ridges, 
and granular eosinophilic egg contents. Within 
the lumina of smaller bronchi, there are adult 
male (~200 um diameter) and female (~400 um 
diameter) nematodes that have a cuticle with thin 
longitudinal ridges, coelomyarian musculature, 
accessory hypodermal chords, a large intestine 
lined by few multinucleate cells and a genital 
tract containing either sperm or developing eggs 
with both embryos and first stage larvae present. 
In most (but not all) slides, within the epithelium 
of a larger bronchi, there is a 100 to 150 um 
diameter adult nematode with a thin cuticle, a 
pseudocoelom and hologonic gonads. Small 
airway (bronchioles and small bronchi) lumina 
are often filled and sometimes occluded by a mix 
of neutrophils, fewer eosinophils, free larvae and 
mucus. Few neutrophils and eosinophils 
transmigrate the respiratory epithelium, which 
often has increased goblet cells (mucus 
metaplasia) and plump and piled cells with large 
nuclei and vesiculate chromatin 
(bronchiolar/bronchial epithelial hyperplasia). 
Serous submucosal glands in a large airway are 
tortuous, dilated and filled with clear to slightly 
proteinaceous fluid. Moderate numbers of plasma 

Lung, fox. The cranioventral portions of the left cranial and 
left caudal lungs lobes were consolidated, firm and pale 
brown. (Photo courtesy of: Smithsonian Institution’s 
National Zoological Park www.nationalzoo.si.edu) 

Lung, fox. Three sections of lung are submitted for 
examination. Two of the three sections have are over 50% 
consolidated with severe inflammation, the third (center) 
demonstrates extensive alveolar edema. (HE, 5X). 



cells and fewer lymphocytes infiltrate the 
adventitia of airways and pulmonary vessels.  
 
Contributor’s morphologic diagnosis: 
Lung: Severe, regionally extensive, chronic, 
pyogranulomatous and eosinophilic 
bronchopneumonia with intrabronchial adult 
metastrongylid and aphasmid nematodes, intra-
alveolar and intra-bronchiolar metastrongylid and 
aphasmid larvae and eggs, bronchiolar epithelial 
hyperplasia and mucus metaplasia. 
 
Contributor’s comment: 
A dual lungworm infestation causing 
bronchopneumonia was diagnosed. Based on the 
morphology and location of eggs and adults 
described, the larger intraluminal adult worms, 
larva and thin-walled larvated eggs are consistent 
Crenosoma vulpis, while the smaller intra-
epithelial adult worm and thick-walled eggs with 
bipolar plugs and ridges are consistent with 
Eucoleus aerophilus.9 Crenosoma vulpis 
identification was further confirmed based on 
examination of whole adult worms, which 
revealed cuticular ridges on the anterior end of 
males that is characteristic of this worm. 
 

Crenosoma vulpis is a metastrongyle nematode 
known to infect domestic dogs and many wild 
carnivores in eastern North America and Europe, 
including red foxes, badgers (Meles meles), 
wolves (Canis lupus), raccoons (Pryocyon lotor)3 
and Virginia opossum (Didelphis virginiana).7 
The indirect life cycle involves the definitive 
mammalian host becoming infected when it eats 
a snail or slug (intermediate host) that harbors the 
third-stage larvae (L3).1 L3 larvae then penetrate 
the gastrointestinal tract wall and migrate to the 
lungs, where they mature into adults that live in 
the lumen of the trachea, bronchi or bronchioles.1 
Thin-shelled eggs containing larva or free larvae 
deposited by adults become lodged in alveoli, and 
migrate up the airways until they are coughed up, 
swallowed and passed in the feces where they can 
infect the intermediate host.1,3  
 
Eucoleus aerophilus is an aphasmid nematode 
that was first described in 1839 and named 
Trichiosoma aerophilus. Subsequent name and 
taxonomic designation changes (formerly 
Thominx aerophilus and Capillaria aerophila) 
have landed the organism in the Eucoleus genus.2 
Documented infestations have occurred in 
wildlife, domestic cats and humans in a wide 
geographic range.8 Much of the biology and life 

Lung, fox. In areas of consolidation, alveolar architecture is effaced by an exudate of innumerable viable and necrotic neutrophils 
and large numbers of foamy and debris-laden macrophages. Scattered throughout the section of low to moderate numbers of 
metastrongyle larvae. (HE, 200X). 



history of this parasite is still poorly understood. 
E. aerophilus is thought to have a direct life cycle, 
where adults living in the epithelium of the 
respiratory tree deposit eggs that are coughed up, 
swallowed and passed in the feces.3,13 Eggs may 
develop directly in the environment or be 
ingested by earthworms, which act as a 
facultative intermediate host.3,13 Characteristic 
histologic features of aphasmids are bacillary 
bands and a stichosome, which were not visible 
in the few sections of adult worms in this case. 
But based on the size and location of adult worms 
(intra-epithelial in a bronchus), and presence of 
thick-walled eggs with bipolar plugs, Eucoleus 
aerophilus is considered most likely. 
 
C. vulpis and E. aerophilus infestations are 
important causes of chronic pulmonary disease in 
both wild and domestic canids, especially in the 
northeastern United States and Canada where 
dual infestations by both worms are common in 
wild red foxes.10 Clinically, infected animals 
often have a chronic cough and resemble animals 
afflicted with allergic bronchitis and chronic 
obstructive pulmonary disease (COPD).10 
Pathologic changes within the lungs of wild foxes 
are typically limited to airway-centered exudate 
(eosinophilic and catarrhal bronchitis/ 
bronchiolitis), BALT hyperplasia, submucosal 
bronchial gland hyperplasia, smooth muscle 
hypertrophy of airways and mucus metaplasia.5,10 
C. vulpis tends to inhabit smaller airways (small 
bronchi and bronchioles), whereas E. aerophilus 
prefers larger bronchi, as was the case in this 
fox.10 Granulomatous pneumonia can occur in 
canids when C. vulpis larvae are aspirated into 
alveoli and bacterial pneumonia can complicate 
both types of infestations.5 In dogs 
experimentally infected with C. vulpis, a marked 

granulocytic exudate filled alveoli (in addition to 
terminal bronchioles) in the early stages of 
infection as L3 larvae migrated into the lungs.12 
The heavy involvement of alveoli and lack of 
significant smooth muscle hypertrophy and 
submucosal gland hyperplasia in this case may 
reflect a more acute and fulminant course of 
disease in a juvenile animal with an immature 
immune system and severe concurrent 
ectoparasitism (this animal was also heavily 
infested with sarcoptic mange and in poor body 
condition at the time of euthanasia). 
 
Metazoan parasites of importance in the 
respiratory tract of carnivores that must be 
distinguished from C. vulpis and E. aerophilus 
include: Aelurostrongylus abstrusus, which is 
similar to C. vulpis but parasitizes felids5; 
Angiostrongylus vasorum that reside the 
pulmonary arteries5; Eucoleus (=Capillaria) 
boehimi that reside in the nasal cavity and have 
smaller (50-60 x 30-35 um) eggs with a pitted 
rather than ridged wall6; Paragonimus kellicotti, 
which is a trematode5; and Oslerus (=Filaroides) 
osleri, which typically cause grossly evident 
submucosal nodules in the trachea and bronchi5; 
Andersonstrongylus (=Filaroides) milksi and 
Filaroides hirthi. Andersonstrongylus milksi and 
Filaroides hirth are metastrongyles that are 
similar in size to C. vulpis and also inhabit the 
bronchioles, thus differentiation of these three 
worms based on histology is problematic and 
examination of intact adults is preferred (as was 
done in this case).  
 
This case highlights the importance of a thorough 
histologic evaluation with special attention paid 
to secondary or tertiary diseases that may be 

Lung, fox. Within the lumen of a bronchiole, there are cross 
sections of male and female metastrongyle adults. (HE, 5X). 

Lung fox: Scattered throughout the alveolar parenchyma 
are few oblong, eggs of Eucoleus (Capillaria) aerophila, with 
bipolar plugs. (HE, 400X) 



present in examined organs. Although parasite 
morphology and identification can at times be 
challenging for a pathologist, when multiple 
parasite lifestages are present care should be 
taken to ensure they do not represent separate 
species.  
 
Contributing Institution: 
Smithsonian Institution’s National Zoological 
Park 
www.nationalzoo.si.edu 
 
JPC diagnosis: 
Lung: Bronchopneumonia, pyogranulomatous, 
chronic, multifocal to coalescing, severe, with 
intraluminal metastrongyle and intraepithelial 
aphasmid adults, and intra-alveolar larvae, and 
metastrongyle and aphasmid eggs. 
 
JPC comment: 
The contributor provides a very thorough analysis 
of this case, and well illustrates the capacity of 
animals to have coinfections pathogenic 
organisms, nematodes in this case. As the 
contributor stated, C. vulpis and E. aerophilus 
have a wide geographic distribution. In particular, 
C. vulpis, E. aerophilus, and Angiostrongylus 
vasorum are particularly problematic for 
domestic dogs and wild canids, particularly red 
foxes, in central Germany. Across three Federal 
states (Thuringia, Rhineland-Palatinate, Hesse), 
569 red foxes examined had prevalence of C. 
vulpis infections of up to 32.3%, A. vasorum of 
up to 14.1%, and E. aerophilus of up to 69.4%. In 
the examined red foxes, approximately 30.7% 
had dual infections with E. aerophilus and C. 
vulpis. A small subset of foxes (5%) had triple 
infections, with A. vasorum in addition to C. 
vulpis and E. aerophilus.11 
 
Recent investigations of lungworm infections in 
red foxes have used geographic information 
systems (GIS) to visualize the cases, allow for 
geospatial analysis such as cluster analysis, and 
to attempt correlation of cases with other 
environmental factors.4,11 Investigation in 
Slovakian red foxes found moderately good 
predictive value in a multivariate model using 
backward stepwise regression. The model 
indicated that infection of A. vasorum is 
positively correlated with areas of lower warm 

period precipitation and a higher share of arable 
land and permanent cultures.4 
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1. Which of the following components of bee venom is a neurotoxin? 
a. Apamin 
b. Adolapin 
c. Mellitin 
d. Minimine 

 
2. True or False?  Recent investigations have confirmed hemolysis in bee envenomation to be via 

immune-mediated mechanisms. 
a. True 
b. False 

 
3. Which of the following differentiates best between eosinophilic leukemia and eosinophilic 

syndrome in hedgehogs? 
a. Eosinophil levels over 100,000 in hypereosinophilic syndrome. 
b. Sparking of the lymph nodes in hypereosinophlic syndrome. 
c. Less mature morphology in eosinophilic leukemia. 
d. Concurrent lymphopenia with eosinophilic leukemia. 

 
4. Which part of the follicle is infected by dermatophytes? 

a. Hair bulb 
b. Hair keratin sheath 
c. Inner root sheath 
d. Outer root sheath 

 
5. Which of the following lungworms does not affect canids ? 

A.  Aelurostrongylus abstrusus 
B.  Crenosoma vulpis 
C.  Angiostrongylus vasorum 
D.  Eucoleus boehmi 

 

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 2020-2021 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 1: WSC Case 2 (4153750-00) 
 
Signalment: 
2-year-old, female spayed, ferret, Mustela 
putorius furo 
 
History: 
The ferret presented four months of history of 
hindlimb weakness with evidence of diarrhea. 
Blood examination revealed slight anemia and 
hyperglobulinemia and elevated creatinine. Urine 
protein electrophoresis was unremarkable, and 
the blood protein electrophoresis showed a 

polyclonal spike. CT scan of the spinal cord 
showed no abnormalities. The animal became 
acutely paraplegic one night, and euthanasia and 
post-mortem examination were elected. 
 
Gross Pathology: 
The right adrenal gland was moderately enlarged 
and had multiple variably sized, discrete, white to 
tan nodules, near the termination of the right limb 
of the pancreas with adhesions to the mesentery 
and duodenum, and a single nodule within the 
right renal cortex. Significant abdominal 
lymphadenomegaly and splenomegaly were 
present. 
 
Laboratory results: 
Lesions in the brain and adrenal glands reacted 
strongly positive for coronavirus gp70 antigen 
 
Fecal PCR for Aleutian Disease Virus and Ferret 
Coronavirus Genotype 1 and Genotype 2: All 
were negative 
 
 
 
 
 
 
 
 
 
 

Brain, ferret. A sagittal section of diencephalon through 
myelencephalon, including the cerebellum is submitted for 
examination. At low magnification, a dense cellular 
infiltrate is present within the anterior third ventricle and 
the entirety of the fourth ventricle which extends into tissues 
surrounding the fourth ventricle. (HE, 6X) 



Hematology: 
 Result Reference Units 
WBC 4.40 4.3-10.7 x103/ul 
RBC 7.23 7.01-9.65 x106/ul 
Hemoglobin 11.7 12.2-16.5 gm/dl 
Hematocrit 33.0 36-48 % 
MCV 45.7 50-54 fl 
MCH 16.2 15-18 pg 
MCHC 35.4 32-35 gm/dl 
RDW 12.8  % 
Platelet-Auto 220 200-459 x103/ul 
MPV 7.2  fl 

 
Chemistry: 

 Result Reference Units 
BUN 25 12-43 mg/dl 
Creat 0.9 0.2-0.6 mg/dl 
Glucose 205 62.5-134 mg/dl 
Total Protein 9.1 5.3-7.2 gm/dl 
Albumin 2.9 2.5-4.0 gm/dl 
Alk Phos 45 25-60 IU/L 
ALT 42 14-80 IU/L 
Hemolytic Indice 15.0   
Icteric Indice 2.0   
Lipemic Indice 20.0   

 
Microscopic description: 
Cerebrum, diencephalon, cerebellum, and 
brainstem: A parasagittal section of the brain is 

examined. Multifocally and extensively 
expanding the leptomeninges, Virchow-Robin 
space, 3rd and 4th ventricle subependyma, choroid 
plexus, and infiltrating the perivascular and 
periventricular neuroparenchyma are infiltrates 
of moderate numbers of lymphocytes, epithelioid 
macrophages, some plasma cells, and few viable 
and degenerate neutrophils. The infiltrates 
usually surround and obscure vessel walls 
(predominantly veins/phlebitis). Periventricular 
and meningeal blood vessel walls are often lined 
by prominent plump, hypertrophic endothelial 
cells (reactive) and there are circumferential 
infiltrates of 5-6 layers of lymphocytes and 
plasma cells expanding Virchow Robbins space. 
Multifocally, the tunic media and adventitia are 
expanded and obscured by accumulation of 
eosinophilic fibrillar material (fibrin). The 
inflammatory infiltrates multifocally extend 
beyond Virchow-Robin space into the brainstem 
and periventricular neuroparenchyma resulting in 
rarefication and malacia of the neuropil. The 
adjacent neuropil is expanded by mild to 
moderate gliosis composed of gemistocytic 
astrocytes, gitter cells, and microglia.  
 
Adrenal gland: The adrenal architecture of the 
cortex and medulla is almost completely effaced 
and severely infiltrated by marked infiltrates of 

Brain, ferret. The profound perivascular lymphocytic inflammation expands the choroid plexus, effaces the ependyma and extends 
into the periventricular white matter, and extends along the cerebellar meninges. (HE, 77X) 



lymphocytes, plasma cells surrounding small 
aggregates of epithelioid macrophages and 
occasionally oriented around a central 
hypereosinophilic and karyorrhectic cellular 
debris (granuloma). There are similar granulomas 
with inflammatory infiltrates that extends into the 
capsule, tunica adventitia and tunica media of the 
overlying vena cava lined by undulating plump 
endothelial cells.  
 
(Note: There are slide variation in the submission. 
A few slides contain section of the adrenal gland) 
 
Contributor’s morphologic diagnosis: 
Cerebrum, cerebellum and brainstem: 
Meningoencephalitis, perivascular and 
periventricular, multifocal, pyogranulomatous 
and lymphoplasmacytic, with phlebitis, 
periventriculitis, and chorioependymitis, chronic, 
marked 
 
Adrenal gland: Adrenalitis, multifocal to 
coalescing, pyogranulomatous and 
lymphoplasmacytic, chronic, marked 
 
Contributor’s comment: 
This was a case with morphological findings that 
were compatible with the infection of ferret 
systemic coronavirus (FRSCV) and was 

confirmed by immunohistochemical staining 
with feline coronavirus anti-gp70 antibody that 
often cross-reacts with ferret coronavirus. 
FRSCV-associated disease has been reported in 
Europe and the USA in the last two decades as a 
novel and fatal ferret disease remarkably similar 
to the dry form of feline infectious peritonitis 
(FIP) in cats.4,9,10,14 This disease was found 
associated with an alphacoronavirus that is 
closely related to ferret enteric coronavirus 

Brain, ferret. The wall of a vein subjacent to the optic nerve is effaced by extruded protein, cellular debris, and numerous 
lymphocytes and histiocytes. (HE 332X) 

Adrenal gland, ferret. There is marked infiltration of the 
adrenal cortex by a lymphohistiocytic infiltrate. (HE, 100X) 
(Photo courtesy of Iowa State University, College of 
Veterinary Medicine Department of Veterinary Pathology, 
Ames, IA 50010-1250, https://vetmed.iastate.edu/vpath) 



(FRECV), the cause of epizootic catarrhal 
enteritis.10,18 However, sequence data from a 
limited number of enteric and systemic strains 
showed that FRSCV differs more from FRECV 
than feline infectious peritonitis virus (FIPV) 
does from FCoV.19 The speculation that FRSCV 
has similar pathogenesis as FIP has not been 
confirmed experimentally.12,19,20 Based on the 
lower similarity of their S proteins amino acid 
sequence (79.6%), two ferret coronavirus 
genotype-specific real-time RT-PCR assays have 
been developed and remains the gold standard for 
differentiating between the two viruses.12,19 
Immunohistochemistry using a monoclonal 
antibody against alphacoronavirus antigen can 
detect either FRECV or FRSCV but cannot 
distinguish them.5,18  
 
The clinical and pathologic findings in ferrets 
with FRSCV resemble the non-effusive form of 
FIPV-induced diseases. FRSCV typically affects 
ferrets younger than 18 months of age and has 
common clinical signs of diarrhea, weight loss, 
lethargy, hyporexia/anorexia, and vomiting.4,12,14 
Ferrets sometimes present primarily neurological 
symptoms, including hind limb paresis or 
paraparesis, ataxia, tremors, head tilt, and 
seizures.4,12 These clinical signs and hematology 
findings of nonregenerative anemia, 
hyperglobulinemia, hypoalbuminemia, and 
thrombocytopenia are strongly suggestive of the 
disease but not definite. Serum protein 
electrophoretograms of FRSCV usually present a 

polyclonal gammopathy.4,11-12,14 The histologic 
evaluation of biopsied or necropsied tissues with 
demonstrations of intralesional coronaviral 
nucleic acid remains the definite diagnosis.1,11 
 
Predominant gross findings in ferrets with 
FRSCV include mesenteric lymphadenomegaly 
and multifocal to coalescing, white to tan 
irregular nodules of various sizes dispersed along 
serosal surfaces and mesenteric vessels.4,12 The 
inflammation commonly encompasses the small 
intestines with focal expansion or may 
completely destroy the muscularis and serosa. 
Nodules can be found in numerous other organs 
with the liver, kidneys, spleen, and lung being the 
commonly affected sites.4,14 These granulomas 
are histologically similar to those described in 
FIP,2,4 comprising pyogranulomatous to 
granulomatous inflammation with a central area 
of necrosis and degenerative neutrophils 
surrounded by epithelioid macrophages with 
occasional multinucleated giant cells, 
lymphoplasmacytic infiltrates, and a variable 
degree of fibrosis.1,4,12 Granulomatous 
inflammation is often centered on vessels and 
frequently involved the adventitia; thus vasculitis 
of small arterioles and venules are also common 
findings.1,4,12 In ferrets with neurological signs, 
lesions may be found primarily within the brain 
with severe pyogranulomatous leptomeningitis, 
choroiditis, ependymitis, and encephalomyelitis. 
The inflammation is mainly perivascularly with 
extension into the underlying parenchyma.12 
 

Kidney, ferret. There is marked infiltration of the renal 
cortex by a lymphohistiocytic infiltrate. (HE, 10X) (Photo 
courtesy of Iowa State University, College of Veterinary 
Medicine Department of Veterinary Pathology, Ames, IA 
50010-1250, https://vetmed.iastate.edu/vpath) 

Kidney, ferret. The cytoplasm of macrophages within the 
cortical inflammatory infiltrate stain strongly 
immunopositive for coronaviral antigen. (anti- feline 
coronavirus anti-gp70, 200X) 

 



Gross findings in this case with enlarged adrenal 
gland, multiple nodules, abdominal 
lymphadenomegaly, and splenomegaly initially 
led to the diagnosis of neoplastic diseases. 
Common primary neoplasms in ferrets include 
pancreatic islet cell tumors, adrenocortical 
tumors, and lymphomas.3 The development of 
multiple neoplasms, especially islet tumors and 
adrenal tumors, is not uncommon.3 Other 
differential diagnoses of nodules in ferrets 
include other granulomatous diseases such as 
mycobacteriosis and infection with Pseudomonas 
luteola.8,15 It is thus noteworthy that when seeing 
nodular lesions in ferrets, FRSCV should be 
considered a potential diagnosis. 
 
Coronaviruses are large, enveloped, positive-
stranded RNA viruses constitute the subfamily 
Orthocoronavirinae of the Coronaviridae family, 
in the order Nirdovirales 
(http://www.ictvonline.org).7 The subfamily can 

be classified into four genera: Alphacoronavirus 
(alphaCoV), Betacoronavirus (betaCoV), 
Deltacoronavirus (deltaCoV), and 
Gammacoronavirus (gammaCoV).7 The former 
two genera are known to infect mammals, while 
deltaCoV and gammaCoV mainly infect wild 
birds.7 Numerous important enteric diseases in 
animals are caused by alphacoronavirus, formerly 
classified as group 1 coronaviruses, including 
porcine transmissible gastroenteritis virus, canine 
coronavirus, porcine epidemic diarrhea virus, 
feline coronavirus (FCoV), and ferret enteric 
coronavirus (FRECV).7,20 The recent outbreaks of 
viral pneumonia in human, including severe acute 
respiratory syndrome (SARS), Middle East 
respiratory syndrome (MERS), and severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-
2) were all caused by betaCoV.6,7,21 
Coronaviruses of veterinary importance are 
summarized in the chart.4,7 

 

Genus Virus(es) Reported Disease/Syndrome 
Alphacoronavirus Feline coronavirus (feline enteric coronavirus; 

feline infectious peritonitis virus) 
Feline enteric coronavirus: mild gastroenteritis and diarrhea 
 
Feline infectious peritonitis virus: peritonitis, pneumonia, CNS signs etc 

Canine coronavirus Mild gastroenteritis and diarrhea Possible severe enteritis and systemic signs (leucopenia) 

Transmissible gastroenteritis (TGE) virus of swine  Gastroenteritis. Watery diarrhea, vomiting, dehydration  

Porcine respiratory coronavirus  Mild respiratory disease or subclinical  

Porcine epidemic diarrhea virus (PEDV)  Gastroenteritis. Watery diarrhea, vomiting, dehydration  

Ferret coronavirus (ferret enteric coronavirus; 
ferret systemic coronavirus) 

Ferret enteric coronavirus: Gastroenteritis. Watery diarrhea 
 
Ferret systemic coronavirus: Peritonitis, CNS signs etc 

Betacoronavirus 

Group A 

Porcine hemagglutinating encephalomyelitis virus  Vomiting, wasting disease, encephalomyelitis. Anorexia, hyperesthesia, muscle tremors, 
emaciation  

Mouse hepatitis virus  Enteritis, hepatitis, demyelinating encephalomyelitis  

Rat sialodacryoadenitis virus Rhinitis, epiphora, pneumonia  

Bovine coronavirus  Gastroenteritis with profuse or bloody diarrhea, dehydration, decreased milk, or respiratory 
disease  

Equine coronavirus  Gastroenteritis  

Canine respiratory coronavirus  Respiratory disease  

Betacoronavirus 

Group B 

Severe acute respiratory syndrome (SARS) 
coronavirus  

Respiratory disease; zoonotic with bats as natural reservoir  

Betacoronavirus 

Group C 

Middle East respiratory syndrome (MERS) 
coronavirus  

Respiratory disease; zoonotic with camels and bats as a likely reservoir  

Gammacoronavirus  Avian infectious bronchitis virus  Tracheobronchitis, nephritis  

Rales, decreased egg production  

Turkey coronavirus, Bluecomb virus  Enteritis 

Diarrhea, depression, cyanotic skin  

Deltacoronavirus  Porcine deltacoronavirus  Gastroenteritis in sows and nursing pigs; low mortality in nursing pigs; clinically indistinguishable 
from TGE and PEDV 



Contributing Institution: 
Iowa State University 
College of Veterinary Medicine 
Department of Veterinary Pathology 
Ames, IA 50010-1250 
https://vetmed.iastate.edu/vpath 
 
JPC diagnosis: 
Brain: Phlebitis, histiocytic and lymphocytic, 
multifocal, severe, with histiocytic and 
lymphocytic meningoencephalitis, choroiditis, 
and ventriculitis. 
 
JPC comment: 
The contributor provides an excellent review of 
ferret systemic coronavirus, as well as a concise 
summary of coronaviruses of veterinary 
importance. As previously mentioned, the 
clinical signs of ferret systemic coronavirus 
infection are non-specific, and often include 
lethargy, diarrhea, vomiting, hyporexia or 
anorexia, and weight loss. These patients may 
have non-regenerative anemia, neutrophilia, 
thrombocytopenia, and lymphopenia. In addition 
to these signs, a recent case report may expand 
the list of pathologic changes due to infection. A 
1 year old spayed female ferret initially presented 
for lethargy, inappetence, sneezing, and 
vomiting, but ultimately progressed to a state 
with non-regenerative anemia, severe 
pancytopenia, and hyperglobulinemia. This case 
detected the virus in bone marrow, which had 
abundant hemorrhage and necrosis throughout 
the medullary cavity, novel findings to date for 
FRSCV.17 
 
With recent world events bringing attention to 
mink farms and the spread of SARS-CoV-2 
within farmed populations, attention turned to the 
ferret as a potential animal model of the COVID-
19. The ferret remains susceptible to SARS-CoV, 
SARS-CoV-2, but is not susceptible to MERS-
CoV through experimental infection. Ferrets are 
also capable of efficient transmission of the 
SARS viruses to naïve animals, making them 
candidates for pathogenicity and transmission 
studies.16 
 
Recent therapeutic interventions for feline 
infectious peritonitis (FIP) have included 
protease inhibitors, which have met with 

moderate success. Coronaviruses encode two 
viral proteases, 3C-like protease and papain-like 
protease. Previous research has shown antiviral 
therapeutics targeting 3C-like protease has had 
efficacy against SARS coronavirus, MERS 
coronavirus, and murine and feline 
coronaviruses, and now ferret and mink 
coronaviruses as well. Challenges remain in the 
development of these antiviral therapeutics, but 
this may represent a future option for ferrets and 
minks in the future.13 
 
References: 
1. Autieri CR, Miller CL, Scott KE, et al. Systemic 

coronaviral disease in 5 ferrets. Comp Med. 2015; 
65: 508-516. 

2. Doria-Torra G, Vidana B, Ramis A, Amarilla SP, 
Martinez J. Coronavirus infection in ferrets: 
Antigen distribution and inflammatory response. 
Vet Pathol. 2016; 53: 1180-1186. 

3. Fox JG, Muthupalani S, Kiupel M, Williams B. 
Neoplastic diseases. In: Fox JG, Marini RP ed. 
Biology and Diseases of the Ferret. 3rd ed. Ames, 
IA: Wiley; 2014: 587-626. 

4. Garner MM, Ramsell K, Morera N, et al. 
Clinicopathologic features of a systemic 
coronavirus-associated disease resembling feline 
infectious peritonitis in the domestic ferret 
(Mustela putorius). Vet Pathol. 2008; 45: 236-
246. 

5. Kiupel M, Perpiñán D. Viral diseases of ferrets. 
In: Fox JG, Marini RP ed. Biology and Diseases 
of the Ferret. 3rd ed. Ames, IA: Wiley; 2014: 439-
517. 

6. Li Q, Guan X, Wu P, et al. Early Transmission 
dynamics in Wuhan, China, of novel coronavirus-
infected pneumonia. N Engl J Med. 2020; 382: 
1199-1207. 

7. MacLachlan NJ, Dubovi EJ. Chapter 24 - 
Coronaviridae. In: MacLachlan NJ, Dubovi EJ ed. 
Fenner's Veterinary Virology 5th ed. Boston, 
MA: Academic Press, 2017: 435-461. 

8. Martinez J, Martorell J, Abarca ML, et al. 
Pyogranulomatous pleuropneumonia and 
mediastinitis in ferrets (Mustela putorius furo) 
associated with Pseudomonas luteola Infection. J 
Comp Pathol. 2012; 146: 4-10. 

9. Martinez J, Ramis AJ, Reinacher M, Perpinan D. 
Detection of feline infectious peritonitis virus-like 
antigen in ferrets. Vet Rec. 2006; 158: 523. 

10. Martinez J, Reinacher M, Perpinan D, Ramis A. 
Identification of group 1 coronavirus antigen in 
multisystemic granulomatous lesions in ferrets 
(Mustela putorius furo). J Comp Pathol. 2008; 
138: 54-58. 



11. Mayer J, Marini RP, Fox JG. Chapter 14 - Biology 
and diseases of ferrets. In: Fox JG, Anderson LC, 
Otto GM, Pritchett-Corning KR, Whary MT ed. 
Laboratory Animal Medicine 3rd ed. Boston, 
MA: Academic Press; 2015: 577-622.  

12. Murray J, Kiupel M, Maes RK. Ferret 
coronavirus-associated diseases. Vet Clin North 
Am Exot Anim Pract. 2010; 13: 543-560. 

13. Perera KD, Kankanamalage ACG, Rathnayake 
AD, et al. Protease inhibitors broadly effective 
against feline, ferret and mink coronaviruses. 
Antiviral Research. 2018;160:79-86. 

14. Perpinan D, Lopez C. Clinical aspects of systemic 
granulomatous inflammatory syndrome in ferrets 
(Mustela putorius furo). Vet Rec. 2008; 162: 180-
184. 

15. Pollock C. Mycobacterial infection in the ferret. 
Vet Clin North Am Exot Anim Pract. 2012; 15: 
121-129, vii. 

16. Stout AE, Guo Q, Millet JK, de Matos R, 
Whittaker GR. Coronaviruses associated with the 
Superfamily Musteloidea. mBio. 
2021;12(1):e02873-20. 

17. Tarbert DK, Bolin LL, Stout AE, et al. Persistent 
infection and pancytopenia associated with ferret 
systemic coronaviral disease in a domestic ferret. 
J Vet Diag Invest. 2020;32(4):616-620. 

18. Williams BH, Kiupel M, West KH, Raymond JT, 
Grant CK, Glickman LT. Coronavirus-associated 
epizootic catarrhal enteritis in ferrets. J Am Vet 
Med Assoc. 2000; 217: 526-530. 

19. Wise AG, Kiupel M, Garner MM, Clark AK, 
Maes RK. Comparative sequence analysis of the 
distal one-third of the genomes of a systemic and 
an enteric ferret coronavirus. Virus Res. 2010; 
149: 42-50. 

20. Wise AG, Kiupel M, Maes RK. Molecular 
characterization of a novel coronavirus associated 
with epizootic catarrhal enteritis (ECE) in ferrets. 
Virology. 2006; 349: 164-174. 

21. Xu X, Chen P, Wang J, et al. Evolution of the 
novel coronavirus from the ongoing Wuhan 
outbreak and modeling of its spike protein for risk 
of human transmission. Sci China Life Sci. 2020; 
63: 457-460. 

 
 
 
CASE 2: 20V-12504-37 (4152969-00) 
 
Signalment: 
30-year-old, intact female, 72.4kg Harbor Seal 
(Phoca vitulina) 
 
 

History: 
This seal had an on/off history of head tremors for 
more than 6 months starting on May 2019. These 
head-tremors/bobbling apparently resolved in 
November 2019; the head twitching was 
partially attributed to stress and presumptive 
West Nile virus (WNV) infection based on 
remarkably elevated titers (>6000). In March 
2020 the abnormal head movement returned, on 
physical examination increased respiratory effort 
was noted; animal started on antibiotics, 
antifungals and anxiolytics (diazepam); this 
animal has had a chronic (since 2010) dental 
disease with previous extractions at former 
institution. The affected seal was Immobilized on 
03/03/2020 for exam, bronchoscopy, CT scan. 
Bronchoscopy only revealed moderate to severe 
congestion of proximal tracheal mucosa. CT scan 
of head and thorax obtained; Iohexol (+/- 200mls) 
passed through a jugular catheter for thoracic CT 
scan but no enhancement noted and there seems 
likely that there was extravasation on this area, 
however during necropsy no evidence of SC 
Fluid was observed. Euthanasia was ultimately 
elected at this time. 
 
Gross Pathology: 
There are appropriate subcutaneous and visceral 
fat stores, there are no signs of dehydration, and 
the body is in fresh postmortem condition. The 
cribriform plate is grossly unremarkable. 
Peripheral lymph nodes, including the axillary, 
subscapular, and mesenteric lymph nodes, are all 
prominent. The mesenteric lymph node chain is 
approximately 1.5 cm in diameter and over 15 cm 
long. The ventral 50% of the lungs in all fields are 
atelectatic. There is mild thickening of the hepatic 
capsule with an irregular margin. There is similar 

Central nervous system, harbor seal. Sections of cerebellum, 
brainstem and spinal cord with dorsal root ganglion are 
submitted for examination. (HE, 5X). 



thickening of the renal capsules bilaterally. The 
gingiva is mildly reddened and inflamed. There is 
scant, mucoid digesta present within the stomach 
and small intestines; there are well-formed feces 
in the descending colon. The brain and spinal 
cords are unremarkable, grossly. 
 
Laboratory results: 

 
 

Microscopic description: 
Multifocally in the white and gray matter, there 
are perivascular infiltrates of moderate numbers 
of lymphocytes, plasma cells and occasional 
macrophages. There are multifocal areas of 
rarefaction in the white matter neuropil creating 
discrete cavitary spaces in some of which is 
cellular debris (digestion chamber). There are 
dilated myelin sheaths with swollen 
hypereosinophilic axons (spheroids) scattered 
throughout the neuropil. These are minimal/mild 
multifocal areas of proliferation of glial cells. The 
spinal meninges are diffusely expanded by 
extravasated erythrocytes and frequently contain 
moderate numbers of scattered interstitial and 
perivascular infiltrates of lymphocytes, plasma 
cells and histiocytes. The gray matter contains 
multifocal glial nodules and frequent neurons 
contain small to moderate amounts of 
intracytoplasmic perinuclear yellowish granular 
material (ceroid-lipofuscin). Within the ganglion, 
there is locally extensive area of 
lymphoplasmacytic infiltrates and neuronal 
ganglion degeneration characterized by shrunken 
and infrequently dispersed Nissl substances 
(central chromatolysis). In the same area, 
adjacent neuronal ganglion is hypercellular with 
increased number and prominence of satellite 
cells dissecting perineurium and endoneurium 

Test Pathogens Result 
 
 
 
 
Serum 
neutralization 
titers 

Toxoplasma spp. 1:160 
Sarcocystis spp. <1:40 
Neospora spp. <1:40 
West Nile Virus >1:6144 
Eastern equine 
encephalitis virus Negative 

Western equine 
encephalitis virus Negative 

Venezuelan encephalitis 
virus Negative 

Canine distemper virus >1:512 
Phocine distemper virus 1:128 

 
 
PCR 

Toxoplasma spp. Negative 
Sarcocystis spp. Negative 
Neospora spp. Negative 
Morbillivirus Negative 
West Nile virus Positive 

Agar gel 
immunodiffusion 
test  
 

Leptospira spp. 1:100 

Blastomyces spp. Negative 

Dorsal root ganglion. There is marked lymphocytic inflammation within the ganglion and mild inflammation in the perineurium. 
Multifocally, occasional neurons are swollen with clear vacuoles at their periphery.  (HE, 400X). 



(satellitosis). There are also multifocal areas of 
mild swollen axons. The neuronal ganglions also 
contain variable amounts of ceroid-lipofuscin 
pigments and intracytoplasmic vacuoles that 
represent incidental aging changes. 
 
Contributor’s morphologic diagnosis: 
Spinal cord & Ganglia: Moderate to severe, 
subacute to chronic, multifocal 
lymphoplasmacytic and histiocytic 
meningomyelitis and moderate to severe, 
subacute, locally extensive lymphoplasmacytic 
ganglioneuritis with satellitosis 
 
Contributor’s comment: 
West Nile Virus (WNV) is one of the arthropod-
borne encephalitides (arboviruses), and is a 
positive-sense, single-stranded, RNA virus that 
belongs to genus Flavivirus, family Flaviviridae.9 
The virus is distributed worldwide with a wild 
host range. A variety of Culex sp. mosquitos are 
the primary vector, but ticks are also capable of 
harboring the virus. Several bird species are 
highly susceptible to infection, while domestic 
poultry and psittacines are generally resistant to 
fatal infections. A member of Covidae (crow 
family) and American Robin play a key role in 
bird-mosquito cycle and act as amplifying hosts.1 
A disease transmission through prey or 
contaminated water have been reported in 

additional to horizontal transmission.4 WNV is 
composed of a virus envelope from the host cell 
membrane with two integral transmembrane 
glycoprotein E which play a crucial role in a viral 
pathogenesis. The E2 glycoprotein is involved 
with attachment to target cells while the E1 
glycoprotein has a role in entering host target 
cells via endocytosis. Within host cells, after 
inoculation by mosquitoes, the virus propagates 
in cutaneous dendritic cells, Langerhans cells, 
fibroblasts, endothelial cells, and keratinocytes, 
and spreads to regional lymph nodes.1 The virus 
can cross the blood brain barrier and enter the 
brain hematogenously, and possibly also through 
a retrograde axonal transportation.1 Neurons and 
microglial cells are a vulnerable target for the 
virus and contribute to encephalitis while 
mononuclear cells are important targets and 
contribute to the systemic spread. 
 
In marine mammals, WNV infection has been 
only reported in a harbor seal (Phoca vitulina)2 
and a killer whale (Orcinus orca).8 In this case, 
the histopathological findings and gross findings 
are somewhat similar to those previously 
described in the harbor seal2 and the killer whale,8 
which includes non-suppurative 
encephalomyelitis, gliosis, with occasional 
neuronal degeneration and necrosis. In addition 
to previous reports, our case demonstrates intense 

Spinal cord, harbor seal. There is perivascular cuffing of vessels in the grey matter (left) and white matter right. (HE, 77X) 



lymphoplasmacytic ganglioneuritis. In terms of 
serum neutralization titer, according to Cornell 
WNV diagnostic laboratory a titer of >6144 is 
confirmatory of WNV infection and disease 
based on what is seen in other mammals. 
Additionally, a serological screening test has 
been reported in non-fatal WNV infection in a 
seal at the Detroit zoo with signs of neurologic 
dysfunction of 4 days’ duration2 and bottle nose 
dolphins (Tursiops truncatus) from the Indian 
River Lagoon even though WNV-associated 
disease in these animals has not been reported.7 
Other differential diagnoses for 
encephalomyelitis and/or meningoencephalitis in 
seals are well summarized in Del Piero et al. 
(2006)2 including phocine morbillivirus, 
influenza A8 and B11 orthomyxoviruses, 
Toxoplasma gondii, and Sarcocystis neurona. 
Therefore, the combination of routine 
histopathological examination (multiple sections 
of brain, brain stem, and spinal cord) and 
ancillary laboratory tests such as 
immunohistochemistry, viral isolation, serum 
neutralization test and qPCR increase the 
specificity and sensitivity for WNV 
identification.2 This report also implicates the 
WNV infection in marine mammals that can 
carry a potential risk for zoonotic transmission to 
zookeepers and veterinarians. 
 
Contributing Institution: 
Oregon State University Magruder Hall Rm. 134 
700 SW 30th Street Corvallis, OR 97331 
https://vetmed.oregonstate.edu/diagnostic 
 
Oregon Zoo Veterinary Hospital Portland, OR 
97221-2799  

https://www.oregonzoo.org/discover/new-
zoo/veterinary-medical-center 
 
JPC diagnosis: 

1. Ganglion: Ganglioneuritis, 
lymphoplasmacytic, multifocal, 
moderate with mild neuronal 
degeneration and satellite cell 
hyperplasia. 

2. Spinal cord: Meningomyelitis, 
lymphoplasmacytic, diffuse, mild to 
moderate. 

3. Cerebellum: Leptomeningitis, 
lymphoplasmacytic, multifocal, mild. 

 
JPC comment: 
In the decades since its introduction to the New 
World in 1999, the geographic distribution of 
West Nile Virus has expanded tremendously. The 
accepted virus cycle is between birds and 
mosquitos, but as noted by the contributor, 
mammalian species may be infected as well. 
Beyond the discussion of infection and the 
development of disease, research questions 
remain as to which species may serve as 
competent hosts for the virus. Some species, such 
as the fox squirrel (Sciurus niger) develop a 
viremia at titers suggesting it may be a 
moderately competent host for mosquito 
infection, but a great many others' capacity for 
viral propagation are currently unknown.5 
 
Tracking the geographic spread of the virus and 
being able to quickly identify small variations in 
the virus provides additional information for 
public health professionals, researchers, 
educators, and students. A program that tracks the 
evolution of West Nile Virus in the Americas is 

Spinal cord, harbor seal. Within the white matter, there are 
lymphocytes and plasma cells within Virchow Robin’s 
spaces, and within the meninges (at right). Swollen axons 
(spheroid) arrow (HE, 240X) 

Cerebrum, harbor seal. There are aggregates of low 
numbers of lymphocytes and plasma cells within the 
cerebellar folial meninges and extending downward along 
Virchow-Robin’s spaces. (HE, 112X). 



called Nextstrain (nextstrain.org/WNV/NA), 
which implements a GIS system and 
phylogenetic analyses with user tools for display 
variable modifications. This tool is potentially 
useful for demonstrating the need to dedicate 
resources in affected areas to prepare for and 
combat this virus.3 
 
Research in animal models has shown that WNV 
infection provokes both innate and adaptive 
immune response in the host. TLR3 and TLR7 
(endosomal) and RLR (RIG like receptors) 
ultimately induce the synthesis of type 1 
interferons (IFN) and proinflammatory 
cytokines. Type III interferons (IFN-g) promote 
the integrity of the blood brain barrier, limiting 
entry of WNV to the CNS. g-d T cells play a role 
in early disease response by secreting IFN-g, 
promoting dendritic cell maturation, and priming 
of T lymphocytes. B lymphocytes and a good 
humoral response helps control the spread of the 
infection but is not sufficient alone. A 
combination of complement, a-b T lymphocytes, 
CD4+ T lymphocytes, and CD8+ lymphocytes 
are required to eliminate the infection and prevent 
viral persistence.6 
 
During conference discussion, the moderator 
indicated that a more specific name for 
ganglionic satellite cells is the term amphicytes. 
Additionally, an aggregate of satellite cells with a 
likely loss of ganglionic neuronal body is a 
Nageotte body. In order to help differentiate 
satellite cells from inflammatory cells, 
immunohistochemistry may be performed, with 
satellite cells demonstrate positive 
immunoreactivity to CD204, CD18, IBA1, 
GFAP, SOX2, nestin, and a few others. 
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CASE 3: O240/19.6 (4152972-00) 
 
Signalment: 
Species: Dog (Canis familiaris) 
Breed: Mixed breed (Pointer x Labrador) 
Gender: Male, castrated 
Age: 4 years old 
 
History: 
The dog presented with depression, acute-onset 
ataxia with mild bilateral forelimb hypermetria 
and mild pain on palpation of the thoracic spine. 
Rectal temperature was 39.1 °C and C-reactive 
protein (CRP) 14.3 mg/L (reference range 0-10 
mg/L). The dog was treated with steroids, 
antimicrobials and sedation, but during the next 
24 hours it deteriorated to non-ambulatory 
recumbency with seizures. The dog was 
subsequently euthanized and submitted for 
necropsy. 



 

Gross Pathology: 
Two approximately 0.5 cm in diameter areas of 
light red discoloration was present on the surface 
of the cerebral frontal lobes, one in each 
hemisphere. Meningeal blood vessels were 
prominently dilated and the brain tissue diffusely 
slightly edematous. 
 
Laboratory results: 
RT-qPCR of tissue from the brain: positive for 
tick-borne encephalitis virus (TBEV) 
 
Microscopic description: 
Brainstem, level of medulla oblongata. Both 
white and grey matter show multifocal to 
coalescing severe inflammatory infiltrates 
comprising lymphocytes, plasma cells and 
histiocytes, located within the neuroparenchyma 
and surrounding vessels as up to 10 layer thick 
perivascular cuffs. Affected vessels are outlined 
by hypertrophic endothelium, often blood filled 
and occasionally show mild separation by clear 
spaces between vessel walls and surrounding 
parenchyma (perivascular edema). Multifocally, 
there is mild to moderate vacuolation of the 
neuroparenchyma (rarefaction). The 
neuroparenchyma shows multifocal nodular to 
diffuse gliosis, as well as satellitosis and neuronal 
degeneration and loss. Multifocally, cells display 
hypereosinophilic shrunken cytoplasm with 
pycnotic or karryorhectic nuclei (necrosis). 
Occasionally, microglia are seen surrounding 
neuronal debris (neuronophagia). In addition, 
multifocal to coalescent infiltrates comprising 
moderate numbers of lymphocytes and plasma 
cells, and occasional histiocytes are present 

within the leptomeningeal subarachnoid space 
and surround leptomeningeal vessels as 
perivascular cuffs. 
 
Contributor’s morphologic diagnosis: 
Meningoencephalitis, lymphoplasmacytic and 
histiocytic, necrotizing, multifocal to coalescing, 
severe, with gliosis and glial nodule formation 
 
Contributor’s comment: 
Tick-borne encephalitis virus (TBEV), belonging 
to the genus flavivirus and family Flaviviridae5, 
is the causative agent of the zoonotic disease tick-
borne encephalitis (TBE).5,13 TBEV is a positive-
sense, single-stranded RNA (+ssRNA) enveloped 
virus with a viral genome of approximately 11kb 
in length.5,10 There are three subtypes of TBEV; 
the Western European subtype, the Siberian 
subtype and the Far Eastern subtype.5,13 The tick 
vector for the European subtype is Ixodes ricinus, 
whereas Ixodes persulcatus is the main vector for 
the Siberian and Far Eastern subtypes.5,10 Small 
mammals, mainly rodents, serve as virus 
reservoirs and play a major role in the spread of 
TBEV.7,13  
 
TBEV is of major health concern in humans, with 
thousands of human cases reported annually in 
endemic areas of Europe and Asia.1,5 Humans are 
typically infected after being bitten by ticks, but 
in approximately 1% of human cases, the source 
of infection is unpasteurized dairy milk and milk 
products containing TBEV.10 Several wild and 
domestic animals are also susceptible to TBEV1, 
including sheep, dogs and horses.13 In contrast to 
humans, TBEV infection in these species 
commonly causes seroconversion, but rarely 
causes clinical disease.1,4,7,13 Only a few clinical 
cases of TBEV infection in dogs have been 
previously reported in Europe.7,14 However, the 
clinical cases seen in dogs present as very severe, 
with a high fatality rate.1,7 In acute cases, death 
commonly occurs within a week.4 
 
After a bite from a tick infested with TBEV, the 
virus replicates in Langerhans cells and 
neutrophils in the hosts’ skin, upon which 
dendritic cells migrate to the site of infection. 
Dendritic cells are subsequently activated and 
bring the virus to regional lymph nodes.10,13 After 
viral replication in the lymph nodes, spread into 

Brainstem, dog. A fragmented section (minus the ventral 
white tracts) is submitted for examination. At low 
magnification, large vessels are outlined by an 
inflammatory infiltrate. (HE, 6X). 



the bloodstream and primary viremia occurs. The 
virus is then able to infect various organs, 
especially spleen, liver and thymus, thereby 
causing a secondary viremia.10,13 In this stage of 
the disease, the infection may be cleared, and 
seroconversion may occur without development 
of clinical signs.10,13 In patients with high viral 
titers or insufficient neutralizing TBEV specific 
antibodies, TBEV may however infect the brain 
during the secondary viremia by crossing the 
blood brain barrier (BBB).10,13  
 
The exact mechanism behind the viral crossing of 
BBB is not known, but probably includes a 
combination of several proposed ways; infection 
of microvascular endothelial cells of the BBB, 
cytokine/chemokine mediated BBB disruption, 
direct axonal retrograde transport from infected 
peripheral neurons into somatic motor neurons in 
the spinal cord, infection of olfactory neurons or 
transportation of virus by infected immune cells 
that traffic to the CNS.10 Inside the brain, the 
virus replicates in large neurons of the anterior 
horns, medulla oblongata, pons, dentate nucleus, 
Purkinje cells and striatum.10 
 
Both humoral and cellular immunity seem to be 
required to clear TBEV infection from a 
vertebrate host. Antibody responses include 

TBEV-specific IgM and IgG antibodies in serum 
and cerebrospinal fluid and are critically 
important in controlling and clearing the 
infection, primarily by targeting the E and NS1 
protein of TBEV.10 Both neutralizing antibodies 
and in part non-neutralizing antibodies play a role 
in prevention of the disease. Neutralization 
occurs by several mechanisms, including direct 
neutralization of receptor binding, post-binding 
or pre-fusion neutralization inside endosomes, 
and Fc receptor-mediated clearance by cells of 
the reticuloendothelial system.10 
 
TBEV-infected neurons in the CNS are also 
targets for cytotoxic T-cells (CD8+). Whether or 
not T-cell responses are protective or 
pathological during TBE seems to depend on 
several factors, for example the pathogenicity of 
a particular TBEV strain, infectious dose and 
immunological status of host.9,10 In transfer of 
CD8+ T-cells into SCID mice infected with 
TBEV, mean survival time was decreased, 
meanwhile after infection with low-pathogenic 
TBEV strain, CD8+ T-cells seemed to increase 
survival.9 Possibly, CD4+ T-cells also prevent 
lethal TBE through CD4+-mediated secretion of 
IFN-ᵧ and other pro-inflammatory cytokines, 
and/or stimulation of macrophage-like cells.9 
 

Brainstem, dog. Large vessels throughout the section are cuffed by multiple layers of lymphocytes and histiocytes. There are 
small glial nodules scattered randomly within the grey matter (arrowhead). 



The incubation period in dogs is estimated to be 
between 5-9 days.4 The clinical signs reflect 
multifocal neurological lesions in the cerebrum 
and brain stem, including elevated body 
temperature and behavioral changes such as 
depression, altered consciousness, proprioceptive 
deficits, hyporeflexia in front and/or hind legs, 
paresis, generalized ataxia, tetraplegia, tremor, 
convulsions, cervical hyperalgesia, vestibular 
syndrome, and cranial and/or spinal nerve 
function deficits.1,4,7 
 
The histopathological changes seen in TBEV 
infection include necrotizing lymphoplasmacytic 
and histiocytic meningoencephalomyelitis with 
severe neuronal necrosis and neuronophagia, 
diffuse gliosis and glial nodule formation, and 
non-purulent perivascular cuffing in both grey 
and white matter.1,14 Almost the entire brain may 
be affected but the most severe changes are 
typically seen in basal ganglia, thalamus, 
mesencephalon, neuroparenchyma surrounding 
fourth ventricle and medulla oblongata.1,7,14 Focal 
microgliosis (so called “glial shrubbery”) in the 
molecular layer of cerebellum has been 
reported.14 
 
A possible histopathological differential 
diagnosis to TBE in dogs comprise encephalitis 
caused by another flavivirus; the West Nile (WN) 
virus. Equids are most susceptible to WN disease, 
but subclinical disease may occur in canids. The 
histologic lesions in WN infection resemble those 
caused by TBEV, but in WN neuronal 
degeneration and necrosis is not as severe, and 
lesions are more confined to the grey matter. In 
addition, glial nodules may contain a few 
neutrophils. Furthermore, in WN infection 
lesions are overall often milder and restricted to 
the brain stem and thoracolumbar spinal cord, 

where axonal swelling and spheroid formation 
may be seen.1 
 
Confirmation of TBEV infection include RT-
PCR analysis of serum or cerebrospinal fluid7,12, 
or post-mortem detection of viral antigen in brain 
tissue by RT-PCR or immunohistochemistry.7,14 
Serum IgM or IgG TBEV-specific antibody titers 
may be measured by immunofluorescence assays 
(IFA) or ELISA, but possible cross reaction with 
other flaviviral antibodies (such as WN virus-
specific antibodies) may interfere with the 
results.2,3,7 Under such circumstances, specific 
immunity against TBE virus may be assessed in 
virus neutralization assays.2 
 
Contributing Institution: 
Swedish University of Agricultural Sciences 
Department of Biomedical Sciences and 
Veterinary Public Health, Section of Pathology 
BOX 7028 
SE 750 07, Uppsala, Sweden 
https://www.slu.se/en/departments/biomedica
l-sciences-veterinary-public-health/ 
 
JPC diagnosis: 
Brainstem: Meningoencephalitis, 
lymphohistiocytic, diffuse, moderate, with 
astrogliosis, glial nodules, and rare spheroids. 
 
JPC comment: 
The contributor provides an excellent review of 
this Flaviviral disease in dogs. As noted above 
this virus is of more paramount concern in human 
populations, can affect some domestic species, 
but does not often cause clinical disease. 
However, canine cases have reported pyrexia, 
changes in behavior and mentation, and apathy. 
Affected animals have exhibited forelimb or 
hindlimb paresis, quadriplegia, seizures, 
convulsions, ataxia, proprioceptive deficits, neck 
hyperesthesia, facial nerve paralysis, strabismus, 
anisocoria, nystagmus, miosis, loss of corneal 
reflex, and optic neuritis. Using seroprevalence 
studies, canine infection rates may be as high as 
11.6% in endemic areas, but clinical 
manifestations are seen in rare instances. In 
endemic areas of Austria and German, 
seroprevalence rates in horses is as high as 26.1% 
and 20-30%, respectively, with only rarely 
reported cases of clinical disease. Infections in 

Brainstem. dog. Higher magnification of a glial nodule 
within the gray matter. (HE, 459X) 



ruminants are largely asymptomatic, but 
experimental infection has been demonstrated in 
lambs. A small number of captive exotic species 
have been reportedly infected, including a 
macaque (Macaca sylvanus), a markhor (Capra 
falconeri) and a reindeer (Rangifer tarandus).11 
 
Infection by ingestion of milk represents an 
interesting transmission mechanism. Human 
infection through this method often results in 
family clusters, as opposed to the less organized 
infection patterns through ticks. TBEV is 
sensitive to its environment, but milk allows it to 
survive exposure to acidic gastric contents for up 
to two hours. Within that timeframe, most of the 
ingested contents are found in the lower 
gastrointestinal tract, allowing for infection by 
the intact virus through M cells in Peyer's 
patches.11 
 
In human TBEV infections, rare cases of hepatic 
compromise have been reported. One study found 
that 22.2% of patients had abnormal liver 
function tests. A separate study found 
approximately 22% of patients had elevated liver 
enzymes, with the most often affected values in 
AST and ALT. While most cases of TBEV in 
animals present with advanced neurologic 
symptoms, in animals presenting with non-
specific signs, a complete blood chemistry panel 
may help identify an etiology.6 
 
Because humans are more severely affected by 
TBEV than dogs, and humans and dogs often live 
in close proximity, dogs are a potential sentinel 
species. Studies in Scandinavian dogs illustrated 
geographic areas where TBE was more common 
than originally expected, new foci of TBEV, and 
showed the need for better and more extensive 
TBEV surveillance. In Belgium, a serologic 
screening of 880 dogs revealed only two ELISA-
positive cases, and 8 borderline positive cases. 
While Belgium does not consider this disease to 
be endemic, this provides a baseline for 
subsequent seroprevalence studies which might 
inform future policy, screening, and treatment.8 
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CASE 4: 18-081 (4132734-00) 
 
Signalment: 
22-month-old Holstein steer, Bos taurus, bovine. 
 
History: 
In June 2018, a Holstein steer in a group of 37 
steers in a ∼300-hectare farm in Colonia, 
Uruguay, developed progressive neurological 
sings including unusual behavior, aimless 
walking, circling, ataxia, repetitive and 
uncoordinated tongue movements, and 
recumbency. The herd grazed on an annual oat 
pasture and was supplemented with corn silage. 
A presumptive clinical diagnosis of cerebral 
listeriosis by the veterinary practitioner prompted 
treatment with penicillin and streptomycin, 
however the animal died spontaneously after a 
clinical course lasting 3 days. 
 
Gross Pathology: 
No gross findings. 
 
Laboratory results: 
Aerobic and anaerobic bacterial cultures, 
selective culture for Listeria monocytogenes, 
PCR for bovine alphaherpesvirus 1 and 5 (BoHV-
1 and -5, Varicellovirus), immunohistochemistry 
for rabies virus (Lyssavirus), West Nile virus 
(WNV, Flavivirus), and Chlamydia spp. were all 
negative/unremarkable. 
 
Microscopic description: 
Examined is a section of brain (some slides 
contain telencephalon and other brainstem). 
Multifocally and predominantly in the gray 
matter, the perivascular spaces are expanded by 
numerous lymphocytes, histiocytes and fewer 
plasma cells, forming layers up to 20 cells thick 
(variable in different sections). The inflammatory 
infiltrate extends into the neuropil in the gray 
matter, and occasionally limiting areas of the 
white matter. There are multifocal aggregates of 
glial cells (microglia, astrocytes) sometimes 
associated with areas of neuropil rarefaction. 
Scattered neurons show perikaryal 
hypereosinophilia, shrinkage, angular borders, 
and nuclear fading, pyknosis or karyorrhexis 

(necrosis). Necrotic neurons are sometimes 
surrounded by inflammatory and glial cells 
(satellitosis) or invaded by them (neuronophagia, 
not present in all sections). Some axons are 
swollen and hypereosinophilic 
(spheroids/torpedoes). The leptomeninges are 
multifocally infiltrated by small numbers of 
lymphocytes, histiocytes and fewer plasma cells 
(not present in all sections). 
 
Contributor’s morphologic diagnosis: 
Brain (telencephalon or brainstem): 
meningoencephalitis, lymphocytic, histiocytic 
and plasmacytic with neuronal necrosis, 
multifocal, subacute, moderate to severe, bovine. 
 
Contributor’s comment: 
The diagnosis of bovine astrovirus-associated 
encephalitis in this case was based on the 
microscopic lesions, typical of viral encephalitis, 
coupled with intralesional identification of 
BoAstV RNA within neurons by in situ 
hybridization, and molecular identification of 
BoAstV by RT-PCR followed by whole genome 
sequencing. Other viral and bacterial causes of 
encephalitis in cattle were ruled out by specific 
testing.  
 
The Astroviridae family contains non-enveloped, 
positive-sense, single-stranded RNA viruses 
within two genera, Mamastrovirus and 
Avastrovirus, which infect mammals and birds, 
respectively. Currently, the International 
Committee on Taxonomy of Viruses11 recognizes 

Cerebrum, ox. A section of cerebrum with some overlying 
meningeal tissue is submitted for examination (HE, 6X) 



19 species, namely Mamastrovirus-1 through -
19, within the Mamastrovirus genus; however, 
there are numerous strains awaiting 
classification, some of which are tentatively 
considered new species.8 
 
Since 2010, several astroviruses have 
increasingly been recognized as neuroinvasive in 
various mammalian species, including 
humans,16,18 mink,1 cattle,14 sheep,17 pigs,2 and 
muskox.3 After initial recognition of bovine 
astrovirus-associated encephalitis in United 
States cattle,14 a retrospective study in cases of 
sporadic bovine encephalitis of undetermined 
etiology from Switzerland revealed that this 
neuroinvasive astrovirus had gone undetected for 
decades.23 Although the epidemiology and 
transmission routes of these astroviruses are 
unknown, cross-species transmission has been 
suggested based on the high level of identity 
(>98%), shared between bovine and ovine 
neuroinvasive astroviruses at the nucleotide and 
amino acid levels.4 
 
Bovine astroviruses (BoAstVs), named BoAstV-
NeuroS114 and BoAstV-CH13,6 were initially 
found in the brain of cattle with non-suppurative 
encephalitis in the United States and Switzerland, 
respectively. Despite the different nomenclature, 
both viruses represent the same genotype 
species5,21 that is still awaiting official 
classification by the ICTV. In 2015, a previously 
unknown BoAstV strain, named BoAstV-CH15, 
was identified in the brain of cows with 
encephalitis in Switzerland. Full genome 
phylogenetic comparison revealed a closer 

relationship of BoAstV-CH15 with an ovine 
astrovirus (OvAstV) than with BoAstV-CH13.24 
Coinfection with BoAstV-CH13 and BoAstV-
CH15 was also documented in one case.24 The 
same year in Germany, Schlottau et al. 
(2016)20 reported a novel astrovirus, namely 
BoAstV-BH89/14, in a cow with encephalitis, 
that was most closely related to OvAstV and 
BoAstV-CH15. Subsequently, BoAstV-
CH13/NeuroS1 was identified in 2017 in cases of 
bovine encephalitis in eastern and western 
Canada.22,25 In 2018, a novel neuroinvasive 
BoAstV closely related with North American and 
European BoAstV-NeuroS1/BoAstV-CH13, was 
identified in a steer with non-suppurative 
encephalomyelitis in Japan, and the occurrence of 
intra-genotypic recombination between the North 
American and European strains was suggested.10 
 
While in the northern hemisphere cases of 
BoAstV-associated encephalitis have been 
reported in North America, Europe, and Asia, in 
the southern hemisphere the disease so far has 
only been documented in Uruguay9 and is 
probably underdiagnosed. A Bayesian 
phylogeographic analysis including North 
American, European, Asian and the Uruguayan 
strain suggested that the common viral ancestor 
circulated in Europe between 1794-1940, and 
was introduced in Uruguay between 1849-1976, 
to later spread to North America and Japan.9  
 
The clinical signs and epidemiological findings in 
the case described herein, albeit non-specific, 
were similar to those described in other cases of 
bovine astrovirus-associated encephalitis, which 
is usually described as sporadic,23 with a variety 
of neurological deficits,7 with a duration of 
clinical signs that typically ranges from 1 day to 
3 weeks.7,10,20,25 
 
Macroscopic examination of the brain and the C1 
segment of the spinal cord did not reveal 
significant gross anatomic lesions. 
Histologically, there was moderate to severe, 
lymphocytic, histiocytic and plasmacytic 
meningoencephalomyelitis affecting the 
telencephalon (including the cerebral hemisphere 
and hippocampus), brainstem, and the only 
examined segment of spinal cord. Lesions were 
predominantly distributed in the gray matter and 

Cerebrum, ox. There is marked perivascular cuffing of 
vessels in the neocortex by a mixed cell population of large 
numbers of lymphocytes and histiocytes, and fewer plasma 
cells and neutrophils which are not migrating into the 
adjacent parenchyma. (HE, 156X) 



limiting areas of white matter. In affected areas 
there was perivascular cuffing and 
lymphoplasmacytic and histiocytic inflammation 
and neuronal necrosis/neuronophagia with gliosis 
in the adjacent neuropil. There was satellitosis of 
affected, necrotic neurons. The lesions were 
much less frequent and severe in the cerebellar 
parenchyma, although there was multifocal 
moderate cerebellar leptomeningitis. No 
intralesional bacteria were found with H&E and 
Gram stains, and no viral inclusions were 
identified. In situ hybridization was performed 
using a probe generated from BoAstV-NeuroS1, 
and there was probe hybridization abundant 
within, and limited to the cytoplasm of neurons in 
the cerebral hemisphere and hippocampus.  
 
Astrovirus was detected in brain by RT-PCR. 
Nearly complete genome sequence analysis 
revealed a Mamastrovirus strain within the 
CH13/NeuroS1 clade, we named BoAstV-Neuro-
Uy (GenBank under accession 
number MK386569). Phylogenetic analysis 
suggests that BoAstV-Neuro-Uy and other 
members of this clade should be classified within 
one same species; Mamastrovirus-13, as 
proposed by others,8,10 although definite species 
assignation by the ICTV is pending. 
 

Additional details and figures of the case 
presented here were published elsewhere.9 A 
detailed review on neurotropic astroviruses in 
humans and animals is also available in the 
literature.19  
 
Contributing Institution: 
Plataforma de Investigación en Salud Animal, 
Instituto Nacional de Investigación Agropecuaria 
(INIA), La Estanzuela, Uruguay, www.inia.uy 
 
JPC diagnosis: 
Cerebrum: Meningoencephalitis, 
lymphohistiocytic, diffuse, moderate, with gliosis 
and rare glial nodules. 
 
JPC comment: 
The contributor provides an excellent and well 
researched summary of bovine astrovirus, with 
important knowledge gaps identified, but still 
remaining. Since their first description in 1975, 
astroviruses have become an important cause of 
gastroenteritis in human children and some 
domestic species, but also encephalitis in cattle, 
mink, sheep, pigs, and humans, and hepatitis and 
nephritis in avians. Astroviruses are so named 
because when visualized on TEM, the surface of 
some virus particles has a distinct star-like 
shape.15 

Cerebrum, ox. The inflammatory infiltrate of lymphocytes, macrophages and fewer plasma cells and neutrophils are confined to 
the wall of the neocortical vessels. (HE, 458X). 



 

It was recently hypothesized that the respiratory 
or gastrointestinal tract may serve as a reservoir 
for encephalitis causing astroviruses in cattle in 
Switzerland. Nasal and fecal swabbing of study 
veal calves resulted in two positive animals using 
RT-qPCR protocols, infected with BoAstV-
CH13/NeuroS1. Additional research is required 
to determine whether the hypothesis is correct, 
but fecal samples may be a relatively simple 
method to determine infection status of specific 
animals.12 
 
A recent case of neurotropic astrovirus was 
reported in an alpaca in Switzerland. The patient 
presented for anorexia, trembling, two day 
duration of colic, and general ill thrift. After 
several days with progressive neurologic signs, 
the animal was euthanized. Histology identified 
non-suppurative polioencephalomyelitis, with 
prominent lymphohistiocytic perivascular cuffs, 
multifocal neuronal degeneration and necrosis, 
and multifocal glial nodules. RT-qPCR, Next 
Generation Sequencing, IHC, and in situ 
hybridization determined that the causative agent 
was a virus almost identical to BoAstV-
CH13/NeuroS1. In endemic areas, this virus 
should remain on the differential diagnosis list in 
cattle and other domestic species.13 
 
During the conference, the moderator 
emphasized the different between astrocytosis 
and astrogliosis. Astrocytosis indicates a raw 
increase in number of astrocytes, while 
astrogliosis indicates an increased in reactive 
astrocytes. The two terms are easily confused, but 

are often consistent with different pathologic 
processes. 
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1. The virus that causes ferret coronavirus-associated disease belongs in which category? 
a. Alphacoronavirus 
b. Betacoronavirus 
c. Gammacoronavirus 
d. Deltacoronavirus 

 
2. In addition to corvid bird, which other bird species is an amplifying host for West Nile virus 

a. Sparrows 
b. Pigeons 
c. Jays 
d. Robins 

 
3. Which of the following viral proteins is important to cellular entry by West Nile virus ? 

a. Hemagglutinin 
b. Glycoprotein E 
c. Fusogens 
d. S proteins 

 
4. Tickborne encephalitis is caused by which of the following? 

a. Flavivirus 
b. Arbovirus 
c. Paramyxovirus 
d. Bornavirus 

 
5. Which of the following is seen in birds infected with astrovirus ? 

A.  Myocarditis 
B.  Hepatitis 
C.  Encephalitis 
D.  Enteritis 

 

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 2020-2021 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 1: 1316/18 (4136811-00) 
 
Signalment: 
12 year old, female, worm-blooded, Equus 
caballus, horse 
 
History: 
A 12-year-old Warmblood mare was presented to 
the Surgery Clinic with a 5 month history of 
epistaxis and facial swelling. At admission, a 
swollen area size 5 x 3 cm proximal of crista 
facialis was obvious together with epiphora and 
blepharospasm on the right eye. A strong stertor 
could be heard during rest. Sinus centesis 
revealed the presence of a large volume of red-
yellow, viscous fluid.  
 
Radiography noted osteolytic processes with 
complete shading of maxillary and frontal sinuses 
and mild deviation of the nasal septum. 
Endoscopic findings included constriction of 
ventral nasal meatus of the affected side and the 
presence of reddish yellow mass within sinuses 
that started to bleed. A suspected diagnosis of 
sinus cysts was established. 
 
Standing surgery was attempted but due to mare 
temper, the surgery had to be performed in 
general anesthesia. A frontonasal flap was 
performed and a cavity with a red-yellow, smooth 
surface was observed. The cavity was stretching 
through all ipsilateral sinuses and it was not 

possible to differentiate between each sinus 
compartment. During the surgery the owner was 
contacted and due to poor prognosis, the animal 
was euthanized and submitted for necropsy.  
 
Gross Pathology: 
Necropsy just revealed the size of the cavity that 
stretched through the nasal cavity and all 
ipsilateral sinuses at the right side. Nasal conchae 
were completely destroyed. The cavity was filled 
with dark red to yellow, friable mass covered with 
fresh coagulated blood on the surface (the mass 
was partially removed by the surgery so we could 
not estimate the real size). 
 
Laboratory results: 
None. 
 
Microscopic description: 
Respiratory epithelium (paranasal sinus); at one 
side the section is covered by columnar or 

Nasal mucosa, horse. The submucosa is effaced by a dense 
cellular infiltrate and abundant hemorrhage and 
hemosiderin. (HE, 6X) 



cuboidal ciliated epithelium that is occasionally 
flattened or missing. Subepithelial connective 
tissue is edematous with dilated lymphatics and 
infiltrated with scant to moderate 
lymphoplasmacytic and histiocytic infiltrate. An 
edematous fibrous layer progress to the mass 
composed of numerous macrophages and 
multinucleated giant cells, moderate numbers of 

lymphocytes and plasma cells, admixed with 
hemorrhage, fibrin, and multifocal increased 
numbers of small to medium caliber vessels 
(neovascularization). Many giant cells and 
macrophages contain abundant golden-yellow 
granular pigment (hemosiderin/hematoidin) and 
there are large, extracellular globular aggregates 
of yellow hematoidin pigment (ceroid sequins). 

Nasal mucosa, horse. The submucosa is infiltrated by innumerable macrophages and multinucleated giant cell macrophages that 
contain hemosiderin granules. Hemosiderin deposition is more intense in areas of acute hemorrhage (right). (HE, 227X) 

Nasal mucosa, horse. There is haphazard fibrosis of the submucosa and collagen fibers are mineralized. (HE 361X) 



There are multifocal small aggregates of deeply 
basophilic, finely granular pigment 
(mineralization) that mostly accumulate in the 
basement membranes of capillaries. 
 
Contributor’s morphologic diagnosis: 
Paranasal sinus mucosa: granulomatous 
inflammation with hemorrhage, hemosiderosis, 
hematoidin and mineralization. 
 
Condition: Progressive ethmoid hematoma 
 
Contributor’s comment: 
The paranasal sinus system of horses is complex, 
comprising six pairs of sinuses: the frontal sinus, 
the conchal sinuses (dorsal and ventral), the 
maxillary sinus, and the sphenopalatine sinus. 
Disease processes that can develop in the sinuses 
include ethmoid hematomas, cysts, neoplasia, 
and bacterial and fungal infections. Horses that 
develop paranasal sinus disease vary widely in 
age. Because of the anatomic location of the 
paranasal sinuses and associated chronic 
conditions that affect many patients, many 
disease processes involving the paranasal sinuses 
require surgical correction for a favorable 
prognosis. Fungal and neoplastic processes have 
a less favorable prognosis than bacterial and other 
processes.12  

 
A progressive ethmoid hematoma (PEH) is a 
nonneoplastic, progressive, and locally 
destructive growth in the paranasal sinuses that 
resembles a tumor. Even though its etiology is 
unknown, it is hypothesized that PEH originates 
in the submucosa of the ethmoid labyrinths 
resulting from repeated episodes of hemorrhage 
which lead to formation of an angiomatous-like 
mass, covered by the respiratory epithelium. The 
mass grows slowly but progressively, protruding 

Nasal mucosa, horse. Multiple pigments are present in this section. Macrophages at lower left contain hematoidin (degraded 
hemoglobin without iron), hemosiderin (center) and there is mineralization of the wall of a large vessel at upper right. (HE, 300X) 

Nasal mucosa, horse. A totally unnecessary iron stain 
demonstrates the amount of iron in the section, largely in 
the form of intracellular hemosiderin. Hematoidin, as it 
lacks iron, will not stain. (Perl’s iron, 100X) 



ventrocaudally into the ipsilateral ethmoidal 
meatus and then into the nasopharynx, 
contralateral nasal cavity and adjacent paranasal 
sinuses. Clinical signs appear when the mass 
reaches a size big enough to induce severe local 
destructive effects, which are characterized by 
intermittent monolateral epistaxis, particularly 
during exercise.2,4,6 Histologically, the lesion is 
covered by pseudostratified columnar epithelium 
containing mucus cells, but focal ulceration, 
secondary infection, or focal squamous 
metaplasia of the mucosa may occur. A 
submucosal fibrous tissue pseudocapsule 
surrounds the central mass of hemorrhage, and 
there can be areas of loose vascular channels and 
sinuses lined by plump spindle-shaped cells with 
hyperchromatic nuclei. Foci of recent 
hemorrhages are accompanied by large 
macrophages and multinucleated foreign body-
type giant cells that usually contain large amounts 
of hemosiderin. The organization of the 
hemorrhage proceeds by the development of 
capillaries and fibrous tissue. Both the blood 
vessels, some of which may be thrombosed, and 
the collagen fibers, have calcareous deposits on 
them, along with globin-derived pigments and 
hemosiderin.6 

 
In the presented case, a sinus cyst with repeated 
chronic hemorrhage cannot be excluded. Sinus 
cysts are extensive lesions also of unknown 
etiology that are single or loculated, fluid-filled 
cavities with an epithelial lining. They develop in 
the maxillary sinuses and ventral conchae but can 
extend into the frontal sinus and nasal cavity. 
Abnormal development of embryonic germ tissue 
and cystic development caused by repeated 
submucosal hemorrhage have been proposed as 
etiologic factors.8,13,14 It is characterized by firm 
facial swellings and nasal airflow obstruction.4 
Histologic findings in sinus cysts include 
granulation tissue, neovascularization, 
ulceration, hemorrhage, fibroplasia, 
inflammatory cell infiltration, mineralization, and 
bony trabeculation in the cyst wall.12,13 Lane et al. 
(1987) suggested an association of sinus cyst with 
progressive ethmoidal hematoma based on the 
histological evidence of repeated hemorrhages 
within cysts wall and PEH. However, in one other 
study there was sufficient evidence to confirm 
such an association.12 In this study, recent and 

older hemorrhages were also observed in some 
cases of chronic sinusitis. Additionally, in this 
study, the double epithelial lining found in most 
sinus cysts was not found in any of the (solid) 
PEH. Moreover, unlike many sinus cysts, PEH 
sections examined in this study never contained 
bony spicules. Thinning and remodeling of the 
overlying bones was rare with PEH in contrast to 
sinus cysts, where this feature (and subsequent 
gross facial swelling) was common, indicating 
further significant differences in the nature of 
these lesions.12 Taking into consideration all of 
the above, in the presented case, macroscopic 
findings of facial swelling cannot exclude sinus 
cyst as underlying disease, but the presence of 
large hemorrhagic mass and histologic findings 
are more consistent with PEH. 
 
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: 
Nasal mucosa: Rhinitis (sinusitis acceptable), 
granulomatous, chronic, focally extensive, 
severe, with acute and subacute hemorrhage, 
hemosiderosis, and hematoidin deposition. 
 
JPC comment: 
Progressive ethmoid hematoma (PEH) usually 
occurs in older horses, not dissimilar to this case, 
and is more common in Thoroughbred, Arabian, 
and warmblood horses. Growth is progressive 
and can continue to grow until it extends to the 
external nares.1 
 
While survey radiography can be useful in 
identifying a sinus mass, endoscopy of the 
ethmoid conchae is required to confirm a 
diagnosis of PEH, with CT being the preferred 
diagnostic imaging modality. While they can 
arise unilaterally, approximately 30-50% of 
affected horses are affected bilaterally. There are 
several interventions to treat PEH, but regardless 
of treatment choice, PEH recurs in 17-50% of 



cases within months to years following 
treatment.11 
 
Other species also develop non-neoplastic 
proliferative sinus lesions, including the cat and 
dog. Feline mesenchymal nasal hamartoma is 
histologically distinct from the nasopharyngeal 
polyp and is most often composed of woven bone 
mixed with proliferating fibrous to myxomatous 
stroma and erythrocyte filled cavities, with a 
respiratory epithelial lining.5 Both respiratory 
epithelial adenomatoid hamartoma (REAH)9 and 
chondo-osseous respiratory epithelial 
adentomatoid hamartoma (COREAH) have been 
reported in the dog and are histologically similar 
to their human counterparts.3,10 REAH is 
composed of a proliferation of glandular spaces 
lined by respiratory epithelium, overlying a 
proliferative spindle cell background, with 
COREAH having an additional chondroid or 
osseous component.7 These described lesions are 
currently considered hamartomas, are not 
invasive, but may cause compression necrosis of 
adjacent tissues. 
 
The moderator reiterated that this condition has 
an unknown etiology but is potentially associated 
with chronic inflammation. During the 
conference, definitional differences between 
erosion and ulceration were debated. Erosion is 
typically described as a loss of mucosa without 
compromise of the underlying basement 
membrane. Ulceration has loss of mucosal 
epithelium and a break in the basement 
membrane. In human literature, their definition of 
ulceration requires break through the muscularis 
mucosa layer, which is not seen in this case. 
 
Also, of note for this entity, the deposits of 
hematoidin are commonly referred to as "ceroid 
sequins", though no part of the material is derived 
from ceroid. Ceroid is a material similar to 
lipofuscin, associated with peroxidation of fat 
deposits, and is also yellow. In this case, it is very 
likely hematoidin and not ceroid, in the context of 
chronic and acute hemorrhage, and extensive 
hemosiderin. 
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CASE 2: 143/16 (4085104-00) 
 
Signalment: 
2-month-old, male foal, Brazilian Sport Horse, 
Equus caballus, equine. 
 
History: 
The horse was presented at the Veterinary 
Hospital of the Universidade Federal de Minas 
Gerais with left hind limb lameness and swelling 
of the left stifle joint. Few days after admission at 
the Veterinary Hospital, it developed recurrent 
fever, lethargy, increased respiratory rate, 
swelling of the left shoulder joint, and fluid 
diarrhea. Antibiotics and anti-inflammatory 
drugs were administered but no clinical 
improvement was observed.  
Gross Pathology: 
The foal was in good body condition. The stifle 
joint of the left pelvic limb was moderately 
swollen. The subcutaneous tissue over the joint 
was expanded by moderate amounts of a 
yellowish and viscous fluid (purulent exudate), 
which also extended to and dissected adjacent 
muscles. The superficial lymph nodes (axillar and 
cervical superficial) were moderately enlarged, 
and their parenchyma was replaced by white to 
yellow and soft exudate. The joint capsule was 
markedly thickened, and the articular cartilage 
was irregular. There was a moderate amount of a 
yellowish and viscous fluid within the stifle joint 
(purulent arthritis). Scattered throughout all lung 
lobes 1.0 to 9.0 cm in diameter white to yellow, 
slightly salient soft nodules were observed. On 
cut surface, moderate amount of a creamy yellow 
material (purulent exudate) oozed from the 
nodules (pyogranulomatous pneumonia). Large 
colon mucosa was irregular and thickened with 
salient areas admixed with 2.0 to 10.0 cm in 
diameter, whitish to grayish depressed areas 
(ulcers). Within the intestinal wall there were 
multiple small, 0.5 to 2.0 cm in diameter, white 
to yellow soft nodules. Cecal, colonic, mesenteric 
and tracheobronchial lymph nodes were 
markedly enlarged (5.0-10.0 cm in diameter), 

white to yellow and soft. Nodal cut surfaces were 
irregular and yellowish, with loss of the 
corticomedullary distinction, due to 
accumulation of variable amounts of a creamy 
yellow material (purulent exudate). 
 
Laboratory results: 
Laboratory results are pending.  
 
Microscopic description: 
Large colon: locally extensive areas of the 
colonic submucosa, muscular layers and serosa 
are replaced and expanded by inflammatory 
nodules (pyogranulomas). These nodules are 
composed by a core of abundant eosinophilic 
cellular material and nuclear debris (necrosis), 
admixed with numerous degenerated and viable 
neutrophils, surrounded by a thick rim of 
moderate numbers of epithelioid macrophages 
and multinucleated giant cells (Langerhans type). 
Many of the macrophages contain 
intracytoplasmic bacteria (coccobacilli). These 
inflammatory nodules are further bounded by a 
thick layer of fibrous connective tissue admixed 
with numerous blood vessels (neovascularization 
- granulation tissue) infiltrated by moderate 
numbers of lymphocytes, plasma cells and 
macrophages. Collagen bundles in these areas 
and in the submucosa are separated by clear, non-
staining spaces (edema). Several medium sized 
caliber blood vessels (arteries and veins) in the 
submucosa and in the serosa are partial to 
completely occluded by dense aggregates of an 
eosinophilic fibrillar material intermingled with 

Colon, foal. Colonic lymph nodes are markedly enlarged, 
and the wall of the colon has multifocal areas of cellular 
infiltration. (Photo courtesy of: Veterinary School, 
Universidade Federal de Minas Gerais, www.vet.ufmg.br) 



small numbers of lymphocytes, neutrophils, 
erythrocytes and nuclear debris (fibrin thrombi). 
Rarely, the center of some thrombi is obscured by 
roughly granulated, hyperbasophilic and vitreous 
material (mineralization). Multifocally within the 
submucosa and serosa, there are prominent, 
dilated lymphatic vessels (lymphangiectasia), 
frequently filled with slight eosinophilic, fibrillar 
material (fibrin) with entrapped leukocytes. Few 
blood vessels present an irregularly shaped 
lumen, compressed by multifocal to diffuse 
subintimal deposits of granulated and 
hyperbasophilic material admixed with 
macrophages. 
 
Mesenteric lymph node (per contributor): 
diffusely, nodal architecture is completely 
effaced and replaced by abundant eosinophilic 
cellular material and nuclear debris admixed with 
numerous degenerated and viable neutrophils. 
Surrounding this core are moderate numbers of 
epithelioid macrophages, occasional 
multinucleated giant cells (Langerhans type) and 
fewer lymphocytes and plasma cells. Rare 
macrophages and multinucleated giant cells 

contain intracytoplasmic bacteria (coccobacilli). 
Scattered within the cortical area and extending 
to the adjacent capsule, there are moderate 
numbers of fibroblasts along with collagen fibers 
(fibrosis). Rarely, in the cortical region, small 
aggregates of remaining lymphoid follicles are 
compressed (not present in all slides). 
 
Tissues not submitted: 
Lung present multiple pyogranulomas similar to 
those described in the intestine.  
 
Contributor’s morphologic diagnosis: 
Large colon: Colitis, pyogranulomatous, 
multifocal to coalescing, transmural, marked, 
with fibrosis, thrombosis, lymphangiectasia and 
numerous intrahistiocytic coccobacilli 
 
Mesenteric lymph node (per contributor): 
Lymphadenitis, pyogranulomatous, diffuse, 
marked, with rare intrahistiocytic coccobacilli 
 
Contributor’s comment: 
The gross and histologic lesions in the lung, 
lymph nodes and intestine were typical of lesions 

Colon, lymph node, foal. A section of colonic lymph node (left) and colon (right) are submitted for examination. At low 
magnification, normal nodal architecture is effaced by extensive necrosis and a dense cellular infiltrate. The wall of the colon is 
markedly expanded (particularly the submucosa and serosa) by nodular pyogranulomas that centrally efface the muscular wall. 
(HE, 6X) 



caused by Rhodococcus equi. The confirmation 
of Gram-positive coccobacilli within the 
cytoplasm of macrophages corroborates the 
presumptive diagnosis. Laboratory results 
(molecular analysis) are still pending. 
Nevertheless, R. equi colonies were not observed 
in the first attempt to isolate this bacterium from 
lung and intestine samples. 
 
R. equi is a facultative, intracellular, Gram-
positive bacterium that preferentially infects 
macrophages.5 Virulent (and avirulent) isolates of 
this cosmopolitan pathogen may be found in the 
soil, air, equine feces and water, mainly in horse 
breeding farms. The disease occurs most 
commonly in foals up to 6 months of age and 
horses older than 1 year are rarely affected. When 
mature horses are affected, there is usually an 
accompanying immunodeficiency.1 There are 
sporadic reports of the disease in other species, 
including cattle, goats, pigs, dogs, cats, and 
humans. R. equi is an important cause of 
pneumonia in HIV-infected or otherwise 
seriously immunocompromised humans.5 
 
This pathogen has a pathogenicity island, likely 
acquired through horizontal gene transfer from a 
bacterial source of unknown origin, critical for 
virulence of the bacterium for foals. The 26 

coding sequences of this pathogenicity island 
include the virulence-associated protein (Vap 
family), which are exclusive to R. equi. There are 
6 full-length vap genes (vap A, -C, -D, -E, -G, -
H) and 3-truncated vap pseudogenes (vapF, -I and 
–X). VapA is the vap gene with demonstrated role 
in virulence and encodes an immunodominant 
temperature inducible and surface-expressed 
protein. Vaps C, D, E, F, G, I and X appear to be 
dispensable. VapA is required for intracellular 
growth in macrophages and for the establishment 
of a persistent infection in severely 
immunodeficient mice. In macrophages, it aids in 
preventing maturation of the phagosome to the 
stage of fusion of R. equi containing vacuoles 
with lysosomes.3 

Colon, foal. Within the edematous submucosa, there are multiple large pyogranulomas with necrotic centers (and some dropout), 
as well as fibrinocellular thrombi within dilated lymphatics. (HE, 15X) 

Colon, foal. At the edge of a pyogranuloma, there are 
numerous macrophages and fewer multinucleated giant 
cells whose cytoplasm contains numerous 1-2um 
coccobacilli. (HE, 400X) 



 

Early signs of the usual chronic and progressive 
pulmonary form of the disease are fever (up to 
41oC), lethargy, increased respiratory rate with 
bronchovesicular sounds over large airways and 
wheezing over small airways, cough and, 
sometimes, bilateral nasal discharge.1,3,4 As the 
lung lesions progress, foals present increases in 
respiratory rate and depth, and movement 
becomes increasingly distressful, leading to 
tachypnea, tachycardia and flared nostrils. Severe 
diarrhea might occur because of colonic mucosal 
invasion by the agent4 or secondarily to antibiotic 
treatment.1,3 Polysynovitis can occur in 40% or 
more of affected foals and result in no more than 
mild pain and decreased range of motion. Foals 
with septic polyarthritis are quite lame, as 
observed in this case. The most commonly 
affected sites include the tarsocrural, carpal, and 
fetlock joints.6 
 
Intestinal lesions caused by R. equi are 
characterized by ulcerative pyogranulomatous 
enterocolitis. In this case, ulcers were evidenced 
grossly but were not present in the submitted 
slides, which had mainly multifocal 
pyogranulomas throughout the layers of the large 
colon. Intestinal infection seems to occur after the 
penetration of the specialized epithelium over 
Peyer’s patches or intestinal lymphoid follicles 
by coughed up and swallowed bacteria. An initial 
neutrophilic response occurs leading to erosions 
of the epithelium (ulcers) with accumulation of 
macrophages and neutrophils in the lamina 
propria. The macrophages contain aggregates of 
R. equi but do not destroy them. Later necrosis of 
lymphoid follicles occurs with replacement by 
granulomatous inflammation, abscess formation 
and necrotic material. Infection then spreads to 

mesenteric lymph nodes with a similar result. 
Pyogranulomatous lymphangitis and mesenteric 
lymphadenitis characterize the chronic enteric 
disease.8 
 
Classic form of the disease is pyogranulomatous 
bronchopneumonia, however, there are many 
extrapulmonary manifestations of R. equi 
infection. Abdominal manifestations of the 
disease include mesenteric lymphadenopathy, 
ulcerative pyogranulomatous enterotyphlocolitis, 
peritonitis, splenic granulomas or abscesses and 
large intra-abdominal abscesses. Nonseptic 
polysynovitis characterized by synovial effusion 
without lameness has been identified for a 
multitude of foals with R. equi pneumonia. Septic 
arthritis and osteomyelitis also have been 
reported, both with or without signs of 
pneumonia. Other less commonly reported EPD’s 
include septic pleuritis, uveitis and hypopyon, 
pyogranulomatous hepatitis, intracranial 
abscesses, cellulitis and subcutaneous abscesses.6 
 
Contributing Institution: 
Veterinary School 
Universidade Federal de Minas Gerais 
www.vet.ufmg.br 
 
JPC diagnosis: 

1. Colon: Colitis, pyogranulomatous and 
necrotizing, chronic, multifocal to 
coalescing, severe, with 
pyogranulomatous lymphangitis and 
edema, and numerous intrahistiocytic 
coccobacilli. 

2. Lymph node (per contributor): 
Lymphadenitis, pyogranulomatous and 
necrotizing, diffuse, severe, with 
numerous intrahistiocytic coccobacilli. 

 
JPC comment: 
The contributor provides a concise summary of 
Rhodococcus equi. First described in 1923 as the 
causative agent of "purulent bronchopneumonic 
disease in foals" by H. Magnusson in Sweden, it 
is currently one of 57 species within the 
Rhodococcus genus. Interestingly, only two 
species are currently considered pathogenic: R. 
equi, a significant pathogen in domestic species, 
and R. fascians, the causative agent of leafy gall 
in plants.9 

Colon, foal. Throughout the submucosa (here) and serosa, 
lymphatics are dilated and contain non-occlusive 
fibrinocellular thrombi. (HE, 86X) 



 
As the contributor noted, the virulence associated 
proteins (vapA specifically) within the R. equi 
plasmid confer the ability to survive and replicate 
in macrophages. The full mechanism has not yet 
been discovered, but there is evidence that the 
bacterium shelters in an endosome within 
macrophages, called the R. equi-containing 
vacuole (RCV), the membrane of which has 
localized VapA.9 
 
Separate from discussion of the vap plasmid of R. 
equi, the core genome also confers traits that 
allow for survival and pathogenicity in animals. 
Genes on the core genome help protect against 
desiccation and oxidative stress, and encode b-
lactamases, aminoglycoside 
phosphotransferases, and multidrug efflux 
pumps. These genes augment this bacterium's 
ability to survive in the environment and resist 
antibiotic therapy and is highly conserved across 
strains.9 
 
A recent description of six cases of R. equi in 
goats further characterized disease in this species. 
VapN was previously described in cattle samples, 
and all goats carried vapN positive strains, using 
PCR on all samples. An additional avirulent 
VapN-/VapA- sample was found in one animal. 
VapB is more common in pig isolates and was not 
found in these samples. The VapN plasmid is 
linear and is necessary for R. equi's ability to 
replicate within macrophages.7 
 
Previous reports of R. equi in cats has failed to 
fully characterize the plasmid profile of isolates. 
A recent study of 200 cats in Brazil found 
approximately 3.5% had a single pathogen 
infection with R. equi, and approximately 4% had 
coinfection with R. equi and E. coli. Interestingly, 
none of the R. equi isolates contained the 
plasmids VapA, VapB, or VapN, and were 
considered avirulent. While this further 
characterizes R. equi in cats, further research is 
warranted to determine the public health impact 
this may represent for immunocompromised or 
immunosuppressed populations.2 
 
In the moderator's experience, this case varied 
from the typical presentation of colitis arising 
from R. equi, with the mucosa largely intact in 

these sections. Fibrin thrombi were noted by 
some conference participants but were not 
evident in all sections. Approximately 50% of 
foals with R. equi pneumonia will also have 
pyogranulomatous enterotyphlocolitis, 
pyogranulomatous lymphadenitis, intra-
abdominal abscesses, or peritonitis. The typical 
portal of entry is respiratory, but then expectorate 
is swallowed and enters the gastrointestinal tract. 
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CASE 3: S 106/18 (4119806-00) 
 
Signalment: 
Eight month old, intact, male Hanoverian horse 
(Equus ferus caballus)  
 
History: 
The horse originally came from Poland. The colt 
was diagnosed with pneumonia due to suspected 
infection with Rhodococcus equi and received 
azithromycin, tulathromycin and rifampicin as 
antibiotic treatment. Shortly after treatment the 
animal presented in the equine clinic with signs 
of colitis including fever, profuse diarrhea, 
dehydration and severe hypoproteinemia, which 
was nonresponding to any kind of treatment. The 
colt received intensive medical care including 
plasma transfusions, constant infusion therapy 
(e.g. glucose, sodium bicarbonate, Ringer’s 
solution), probiotic treatment. A fecal culture 
detected Klebsiella pneumoniae and Clostridium 
difficile. The colt was euthanized shortly 
afterwards due to therapeutic failure and with 
pure prognosis.  
 
Gross Pathology: 
The young stallion was in a very poor nutritional 
condition with signs of early serous atrophy of the 
cardiac, coronary, and the bone marrow fat. 
Severe subcutaneous edema affected the head, 
the ventral aspect of the neck and the ventral 
abdomen. 
 
Two focal abscesses were detectable in the lung, 
which measured about 0.5 cm and 0.8 cm in size 

respectively. In addition, there was severe acute 
diffuse alveolar edema and severe acute diffuse 
congestion of the lung. 
In the abdominal cavity there was moderate 
serofibrinous ascites (6 liters). 
 
The wall of the stomach was multifocal markedly 
thickened (1.8 cm) by a predominantly 
submucosal edema. The mucosa itself was 
hyperemic but revealed no signs of ulceration or 
erosion. 
 
A moderate number of adult nematodes, 
morphologically consistent with Strongylus spp., 
was detected in the small intestine. 
The large intestine was filled with green fluid 
with only little, finely structured particles. The 
intestinal wall was diffusely thickened and 
edematous (max. 1.8 cm) and there were 
multifocal mucosal erosions. In the mesocolon 
multifocal petechial and ecchymatous 
hemorrhage was present. The regional lymphatic 
tissue was moderately hyperplastic. 
The adrenal glands had multifocal to coalescing 
areas of pale (necrosis) and reddish (hemorrhage) 
discoloration. 
 
Laboratory results: 
Microbiology: 

Adrenal gland, foal. The adrenal gland had multifocal to 
coalescing areas of pallor (necrosis) and hemorrhage. 
(Photo courtesy of: Department of Veterinary Pathology, 
Freie Universität Berlin, http://www.vetmed.fu-
berlin.de/en/einrichtungen/institute/we12/index.html) 

Colon, foal. The colonic wall is edematous, and there are 
ecchymoses in the mesocolon. (Photo courtesy of: 
Department of Veterinary Pathology, Freie Universität 
Berlin, http://www.vetmed.fu-
berlin.de/en/einrichtungen/institute/we12/index.html) 



 

 
Microscopic description: 
Adrenal gland: Within the adrenal cortex there 
are multifocal widespread areas with loss of 
cellular detail and differential staining 
(coagulation necrosis) surrounded by a rim of 
high numbers of degenerated neutrophils. In 
neighbored areas there are widespread 
accumulations of extravasated erythrocytes 
(hemorrhage) as well as multifocal small vessels 
occluded by homogeneous, eosinophilic material 
(fibrin thrombi). The adrenal medulla was 
unchanged.  
 
Contributor’s morphologic diagnosis: 
Adrenal gland: Cortical necrosis, marked, 
multifocal to coalescent, acute with hemorrhage, 
moderate, multifocal, acute 
 

Contributor’s comment: 
Acute, severe adrenal hemorrhage is also termed 
adrenal apoplexy. It is a well- known condition in 
human and veterinary medicine and often 
associated with bacterial infections.4 The most 
frequent clinical condition associated with 
infectious adrenal hemorrhage in human patients 
is an endotoxin-mediated septic shock.3 Under 
the specific circumstances of adrenal hemorrhage 
in association with sepsis the condition is also 
named Waterhouse-Friderichsen Syndrome.8 The 
most common and first described pathogens 
leading to Waterhouse-Friderichsen Syndrome in 
children were meningococci, but other bacteria 
such as Streptococcus spp., Staphylococcus spp., 
Clostridium spp., Klebsiella spp. and others have 
been identified as possible agents.3 
 
Especially in the adult horse, adrenal hemorrhage 
is often associated with acute, severe 
gastrointestinal diseases.4 In this specific case of 
antibiotic-induced colitis, Klebsiella pneumoniae 
as well as Clostridium difficile were detected in 
different organs including the large intestine and 
intestinal lymph nodes. Within the adrenal gland, 
no bacterial structures were detectable using the 
Gram and the Giemsa stains, which supports the 

Gross Pathology:  
The young stallion was in a very poor nutritional condition with signs of early 
serous atrophy of the cardial coronary and the bone marrow fat.  
Severe subcutaneous edema affected the head, the ventral aspect of the neck and 
the ventral abdomen. 
Two focal abscesses were detectable in the lung, which measured about 0.5 cm 
and 0.8 cm in size respectively. In addition there was severe acute diffuse alveolar 
edema and severe acute diffuse congestion of the lung.  
In the abdominal cavity there was moderate serofibrinous ascites (6 liters).  
The wall of the stomach was multifocal markedly thickened (1.8 cm) by a 
predominantly submucosal edema. The mucosa itself was hyperemic, but revealed 
no signs of ulceration or erosion.   
A moderate amount of adult nematodes, morphologically consistent with 
Strongylus spp., was detected in the small intestine. 
The large intestine was filled with green fluid with only little, finely structured 
particles. The intestinal wall was diffusely thickened and edematous (max. 1.8 cm) 
and there were multifocal mucosal erosions. In the mesocolon multifocal petechial 
and ecchymatous hemorrhage was present. The regional lymphatic tissue was 
moderately hyperplastic.  
The adrenal glands had multifocal to coalescing areas of pale (necrosis) and reddish 
(hemorrhage) discoloration (Fig.1). 
 
Laboratory Results (clinical pathology, microbiology, PCR, ELISA, etc.): 
 
Microbiology: 
 
Tissue Bacteria  

Abscess, lung Klebsiella pneumoniae       
Clostridium perfringens 
Enterobacter cloacae 
Clostridium sordellii 

+++ 
+++ 
++ 
+ 

Large intestine Klebsiella pneumoniae       
Escherichia coli   
Escherichia fergusonii                

+++ 
+++ 
+++ 

Instestinal lymphnode Clostridium perfringens 
Klebsiella pneumoniae 
Escherichia coli 
Escherichia fergusonii 

++ 
+ 
+ 
+ 

 
 
 
 

Adrenal gland, foal. There are multifocal well-delineated areas of coagulative necrosis within the adrenal cortex. (Photo courtesy 
of: Department of Veterinary Pathology, Freie Universität Berlin, http://www.vetmed.fu-
berlin.de/en/einrichtungen/institute/we12/index.html) (HE, 1X) 



hypothesis of endotoxin-induced adrenal 
hemorrhage. 
 
In humans the arteries supplying the adrenal 
gland are branched 50-60 times. These smaller 
arteries open into relatively straight capillaries 
which are only passing through the zona 
fasciculata and abruptly form a vascular plexus 
around the zona reticularis.2 This plexus seems 
predisposed to vascular damage, and the pattern 
of necrosis and the localization of the fibrin 
thrombi make such a pathogenesis probable, even 
in the present case. 
 
Another predisposing factor, mentioned by 
several authors, is the hyperactivity of the adrenal 
cortex, particularly the increased synthesis of 
corticosteroids or at least an increased level of 
adrenocorticotropic hormone (ACTH) seems to 
raise the susceptibility of the adrenal cortex to 
endotoxin-induced hemorrhage.3,8 
 
Contributing Institution: 
Department of Veterinary Pathology  
Freie Universität Berlin 
http://www.vetmed.fu-
berlin.de/en/einrichtungen/institute/we12/index.
html  
 
JPC diagnosis: 
Adrenal gland, cortex: Necrosis, coagulative and 
lytic, multifocal to coalescing, with venous 
thrombosis and hemorrhage. 
 
JPC comment: 
This condition was described in calves more than 
40 years ago, most often as sequela from bacterial 
sepsis. In these cases, there was multifocal 
hemorrhage and necrosis in the cortex, 

specifically in the zona glomerulosa and the inner 
parts of the zona fasciculata. In most cases, fibrin 
thrombi and platelet aggregates were observed in 
capillaries and sinusoid veins of the zona 
glomerulosa and the zona fasciculata. In areas of 
necrosis, large, individualized globules (10-20 
µm) of fibrin were observed between cortical 
cells.5 
 
In humans, this condition occurs most frequently 
in children, though this lesion is seen in 
approximately 1% of routine autopsies.7 This 
syndrome has also been reported in nonhuman 
primates, including a female gang-housed 
baboon1, as well as in a cynomolgus monkey with 
staphylococcal meningitis.9 A recent 
investigation of systemic inflammatory response 
syndrome (SIRS) in pig tailed macaques (Macaca 
nemestrina) and yellow baboons (Papio 
cynocephalus) found bilateral adrenal 
hemorrhage (Waterhouse-Friderich syndrome) 
was a common sequela, in addition to multi-organ 
dysfunction (MOD) or failure, acute respiratory 
distress syndrome (ARDS), and disseminated 
intravascular coagulation (DIC).6 
 
The adrenal lesion presented here may be 
frequent in humans but is not a common 
diagnosis in horses. This case bears similarities 
with human cases but may have a slightly 
different pathogenesis. This syndrome was 
observed in nonhuman primates as a sequela to 
septicemia and did not develop during the initial 
insult. The fibrin thrombi observed in this case 
appear to be in veins, with no arteries in section 
occluded. While this appears to largely be the 
result of arteriolar compromise and ischemia, it is 
not evident in this section. With respect to the 

Adrenal gland, foal. Areas of cortical coagulative necrosis 
(infarction) are surrounded by a dense band of cellular 
debris and hemorrhage. (HE, 51X) 

Adrenal gland, foal. Smaller areas of necrosis contain 
individualized adrenocortical cells with granular 
eosinophilic cytoplasm and loss of nuclei admixed with 
hemorrhage. (HE, 380X) 



laboratory test results, the pattern of necrosis is 
considered less likely to be the result of C. 
difficile but may be consistent with the detected 
Klebsiella pneumoniae. 
 
Accessory adrenal cortical tissue is an incidental 
finding seen in a large proportion of horses and 
does not play a role in the pathogenesis of this 
disease. 
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CASE 4: N13-1267 (4048726-00) 
 
Signalment: 
1 year old male Arabian horse (Equus caballus) 
 
History: 
This colt presented with a 24 hour history of 
watery diarrhea, fever, and colic with worsening 
signs as time went on despite Banamine therapy. 
The colt arrived down and thrashing within the 
trailer, with large amounts of diarrhea present. 
Physical exam showed severe dehydration, 
purple mucous membranes, CRT >3 seconds, 
heart rate 90 bpm, and no gastrointestinal sounds. 
This colt was sedated, an IV catheter was placed, 
and he was anesthetized with Valium for 
transportation into the veterinary medical 
teaching hospital. A quick scan of the abdomen 
showed very large, stacked loops of non-motile 
small intestine. Humane euthanasia was elected 
due to worsening signs and poor prognosis. There 
was a postmortem interval of 2 days before 
necropsy was performed. 

Adrenal gland, foal. Fibrin thrombi are seen within vessels 
and sinuses throughout the gland (HE, 400X) 

Right ventral colon, horse. The right ventral colon is 
markedly thickened and the serosa is diffusely red-purple to 
black. The mucosa is thrown into markedly thickened folds 
and is necrotic. (Photo courtesy of: Department of 
Pathobiological Sciences, University of Wisconsin-
Madison, School of Veterinary Medicine, 2015 Linden Drive 
West, Madison, WI 53706, http://www.vetmed.wisc.edu/) 



 
Gross Pathology: 
There is approximately 2 liters of non-clotting 
serosanguineous fluid in the abdomen. The right 
ventral colon is markedly thickened, and the 
serosa is diffusely red-purple to black. The 
mucosa of the right ventral colon is thrown into 
markedly thickened and edematous, polypoid to 
nodular folds each measuring approximately 5 
cm x 3.5 cm x 4 cm and are multifocally black 
mottled white (necrotic). The left ventral colon is 
also severely edematous (approximately 1 cm 
thick). The left ventral colon and cecum contain 
small numbers of tapeworms (Anoplocephala 
perfoliata) and approximately 10-15 proglottids. 
The serosa of the cecal apex is diffusely red-
purple but is unremarkable on cut section. The 
colonic lymph nodes are moderately enlarged. 
There are two ulcers in the stomach located at the 
Margo plicatus. One is circular (approximately 5 
cm x 3 cm) while the other is linear 
(approximately 9 cm x 0.5 cm). 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Right ventral colon: The submucosa is markedly 
thickened (up to 1.8 cm) by clear space (edema), 
abundant extracellular eosinophilic fibrillar 
material (fibrin), and multifocal areas of 
eosinophilic cellular and karyorrhectic debris 
(necrosis). Many macrophages intermixed with 
and surrounding large nodules to vast coalescing 

sheets of numerous of degenerate and non-
degenerate neutrophils densely infiltrate the 
submucosa. The submucosal and tunica 
muscularis blood vessels are largely intact and 
congested, with a few scattered blood vessels 
containing partially occlusive fibrin thrombi. 
Often the thrombosed blood vessel walls 
segmentally contain brightly eosinophilic 
smudgy material with a loss of distinct wall layers 
(fibrinoid vascular necrosis). Incidentally, the 
tunica intima of muscular arteries often contains 
multiple irregular mineralized nodules that 
protrude into the lumen and are lined by 
endothelial cells (intimal bodies). There are 
multifocal foci of moderate amounts of 
hemorrhage, necrotic debris and inflammatory 
cells within the serosa. There is infiltration by 
numerous short and long bacilli bacteria, 
predominately in the mucosa but also scattered 
throughout the submucosa, tunica media, and 
serosa. 
 
The overlying mucosa is multifocally elevated 
into wide polypoid folds. Diffusely the surface 
epithelium and multifocally the muscularis 
mucosa are effaced by necrotic material, with a 
few scattered remaining glands sometimes 
outlined by deeply basophilic granular material 
(mineralization). The mucosa is also diffusely 
infiltrated by numerous cavitated spaces 
containing 1-4 cross and longitudinal sections of 
larval nematode parasites. These larvae are ~200 
um in diameter and up to 1.5 mm in length, have 
a thin to thick eosinophilic cuticle, platymyarian 
musculature, vacuolated lateral cords, and a large 
diameter intestine composed of a few 
multinucleated cells that occasionally contains 
brown iron pigment and are lined by a brush 
border. Rarely a muscular esophagus and part of 

Right ventral colon, horse. The incised necrotic mucosa has 
cystic spaces scattered throughout. (Photo courtesy of: 
Department of Pathobiological Sciences, University of 
Wisconsin-Madison, School of Veterinary Medicine, 2015 
Linden Drive West, Madison, WI 53706, 
http://www.vetmed.wisc.edu/) 

Colon, horse. A single section of markedly thickened colon is 
submitted for examination. (HE, 5X) 



a cuticularized buccal capsule are visible in 
longitudinal sections. 
 
Similar, though less severe changes were found 
in the left ventral colon and the cecum (tissues not 
submitted). The colonic lymph node (tissue not 
submitted) showed moderate numbers of 
lymphoid follicles in the cortex and extending 
down into the medulla, as well as numerous 
degenerate and non-degenerate neutrophils and 
many macrophages occasionally exhibiting 
erythrophagocytosis expanding the subcapsular 
and medullary sinuses. 
 
Contributor’s morphologic diagnosis: 
Right ventral colon: Severe necrosuppurative 
fibrinous colitis with submucosal edema, 
vascular thrombosis, and numerous intramucosal 
larval strongyles. 
 
Contributor’s comment: 
The small strongyles of horses, also known as 
cyathostomins, are considered to be one of the 
most important pathogenic parasites in horses 
today. Over 40 species of cyasthostomins 
parasitize the cecum and colon of horses and 
individual hosts often are infected by 15 to 20 
species at once during times of disease.1 Clinical 
disease is often negligible in cases with a few 

worms; however, when there is infection by large 
numbers of hypobiotic larvae significant disease 
sometimes leading to death can occur as a result 
of mass emergence.1,2 Emergence of larvae 
causes rupture of the muscularis mucosa and 
intense inflammation and edema.2 This clinical 
syndrome is most commonly observed during late 
fall, winter, or early spring.1 Clinical signs can be 
variable, but most commonly consist of persistent 
diarrhea, decreased levels of performance, ill 
thrift, edema, pyrexia, weight loss (sometimes to 
the point of emaciation), and colic.1,6 There is 
often a marked hypoalbuminemia with a 
neutrophilia, and hyperglobulinemia.1,4 Necropsy 
findings show inflammation of colon and/or 
cecum with mucosal hyperemia, hemorrhage, 

Colon, horse. The submucosa is markedly expanded by edema and Peyer’s patches are effaced by necrotic neutrophils and cellular 
debris. Tangential and cross-sections of larval nematodes are present within the overlying autolytic mucosa. (HE, 35X) 

Colon, horse. Cross sections of 4th stage larval cyathostomes 
have a thick cuticle, polymyarian-coelomyarian 
musculature, large lateral cords, and a uninucleate intestine 
which often contains blood pigment within epithelium. (HE 
268X) 



ulceration, or necrosis in the acute stages. More 
chronic cases sometimes only have mucosal 
thickening due to edema, and irregular areas of 
congestion.4 On close examination, there may be 
numerous mucosal nodules often only a few 
millimeters in diameter, which are raised red to 
black and can be umbilicated.2 The nodules 
within the cecum and colon within the submitted 
horse are much larger than commonly reported 
with cyathostomins, likely due to the intense 
inflammation and edema. 
 
Cyathostomins have a direct life cycle. Eggs 
containing embryos in the morula stage of 
development are shed within the feces of an 
infected animal. Within the feces the egg hatches 
into the 1st larval stage (L1). The 1st and 2nd 
larval stages (L1 & L2) stay in the feces feeding 
on bacteria. The 3rd larval stage (L3), the 
infective stage, migrates from the feces into the 
soil and is ingested by a host. Next, larva migrate 
and develop in the deep mucosa or submucosa of 
large intestines (mainly cecum and ventral 
colon). L3 larvae can remain within the intestinal 
wall for periods ranging from about 4 months to 
as long as 2 years.4 Finally, they emerge to the 
lumen to develop into adults. Adults are mainly 
found in the dorsal and ventral colon and tend to 
cause few clinical problems.1 New eggs may be 
passed in the feces onto the pasture within 5-6 
weeks.4 
 
There is debate about the significance of 
increased resistance to anthelmintics causing 
increased cases of cyathostominosis. Currently, 
there is widespread resistance to benzimidazoles, 
and to a lesser extent pyrantel, as well as an 
emerging resistance to macrocyclic lactones.6 

Anthelmintic treatment and specific husbandry 
were not reported in this case. 
 
In the sections examined, there are large numbers 
of short and long bacilli bacteria that infiltrate the 
mucosa and submucosa. Given the extensive 
damage and inflammation within the intestinal 
wall, these may be opportunistic gastrointestinal 
flora causing a secondary bacterial infection or 
they may represent postmortem overgrowth 
given the 2 day postmortem interval. 
 
Contributing Institution: 
Department of Pathobiological Sciences 
University of Wisconsin-Madison 
School of Veterinary Medicine 
2015 Linden Drive West 
Madison, WI 53706 
http://www.vetmed.wisc.edu 
 
JPC diagnosis: 

1. Colon: Colitis, necrosuppurative, 
multifocal to coalescing, with Peyer’s 
patch necrosis, necrotizing vasculitis, 
fibrin thrombi, and severe submucosal 
edema.  

2. Colon, mucosa: Cyathostome larvae, 
numerous. 

3. Mesenteric and serosal arteries: Intimal 
bodies, multiple. 

 
JPC comment: 
The contributor provides a good review of 
cyathostomins in the horse. In addition to the 
horse, different species within the 
Cyathostominae subfamily parasitize the large 
intestine of elephants, pigs, marsupials, and 
turtles. While large strongyles may migrate 
beyond the mucosa of the cecum and colon, 
cyathostomin do not.3 A heavy cyathostomin 
larval burden, along with tapeworms, has been 
associated with cecocolic intussusception.5 
 
As stated by the contributor, a number of 
anthelminthics are no longer effective against 
cyathostomin, such as phenothiazine, 
thiabendazole, cambendazole, mebendazole, 
fenbendazole, oxfendazole, and febantel. There 
are rare reports of treatment success by 
combining anthelminthic treatment with 
corticosteroids to target inflammation.3  

Colon horse. Peyer patches are effaced by necrotic 
neutrophils and cellular debris, and there is submucosal 
vasculitis and thrombosis. (HE, 110X) 



 
Intimal bodies occur primarily in the small 
arteries and arterioles of horses, most often in the 
brain, placenta, and submucosa of the intestine. 
All age horses are affected and arise from 
degeneration and mineralization of 
subendothelial smooth muscle cells and 
intercellular material. They are considered a 
background lesion and have no functional 
significance.7 
 
Small cyathostomes rarely cause this severity of 
pathology, and there are extensive areas of 
inflammation not centered on larvae. We 
speculate that a component of the colitis may be 
due to pathogenic bacteria, such as Clostridium 
spp or Salmonella spp. The reported clinical 
history of colic and diarrhea may support an acute 
insult on top of the cyathostome burden. A culture 
of the gastrointestinal contents may have 
provided additional information in this case. This 
horse was also administered flunixin meglumine 
(Banamine) non-steroidal anti-inflammatory 
therapy. This section of tissue is from the right 
ventral colon, but NSAID injuries may present in 
locations other than the right dorsal colon. 
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1. Which of the following horses is not overrepresented in studies of progressive ethmoid 
hematoma ? 

a. Thoroughbred 
b. Appaloosa 
c. Warmblood 
d. Arabian 

 
2. Which of the of the following pathogenic factors in Rhodococcus equi  is indispensable in the 

permissive growth of the bacterium in macrophages? 
a. VapA 
b. VapC 
c. VapF 
d. VapX 

 
3. A recent report in which of the following species identified avirulent R. equi as a cause of 

infection ? 
a. Dogs 
b. Cats 
c. Goats 
d. Cattle 

 
4. Which of the following is another term for the Waterhouse-Friedrichsen syndrome? 

a. Adrenal apoplexy 
b. Adrenal epilepsy 
c. Adrenal retroflexy 
d. Adrenal terminexy 

 
5. Which of the following larval stages of cyathostomes is considered infective ? 

A.  L1 
B.  L2 
C.  L3 
D. L4 

 

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 2020-2021 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 1: 20-003333 (4155466-00) 
 
Signalment: 
8 month old, male-intact, Huacaya, Vicugna 
pacos, alpaca 
 
History: 
The cria presented for a simple, closed, spiral 
fracture of the distal left humerus which was 
repaired with surgical intervention. Following 
surgery, the cria was severely hypoglycemic and 
seizing. Despite intensive therapy, the cria died a 
few days later. 
 
Gross Pathology: 
The alpaca presented to necropsy with a body 
condition score of 1/5. The fiber of the cria was 
black. The diaphysis of the left humerus was 
fractured without obvious formation of a fibrous 
callus and held in place with a metal plate. The 
cortical bone of the left humerus thin to 
segmentally non-discernable. The humeral fascia 
and skeletal muscles, extending to the proximal 
humerus to just distal the cubital joint, were 
edematous and hemorrhagic. Many transverse 
fractures with hard, bony fracture calluses were 
through the mid bodies of the right 5th – 10th ribs. 
Subjectively, the ribs were easily broken. On 
longitudinal section of the left femur, the 
proximal physis was irregularly thickened. The 
epicardial fat was clear and gelatinous (serous 
atrophy). 

 

Proximal humerus, alpaca. The cortical bone of the left 
humerus markedly thinned. There is a screw hole within the 
metaphysis due to previous attempts at fracture repair. 
(Photo courtesy of: Auburn University - Department of 
Pathobiology https://www.vetmed.auburn.edu/academic-
departments/dept-of-pathobiology/) 



Laboratory results: 
A serum biochemistry was performed the day of 
death. Reference intervals are based on values 
published by UC Davis Veterinary Medical 
Teaching Hospital.8 
 
SDH: 52.1 U/L (reference interval [RI]: 2 – 5) 
AST: 3249 U/L (RI: 107 - 199) 
CK2: 13405 U/L (RI: 37 – 108) 
Total bilirubin: 0.36 mg/dL (RI: 0.0 – 0.1) 
BUN: 39.9 mg/dL (RI: 7 – 22) 
Calcium: 8.4 mg/dL (RI: 9.0 – 9.9) 
Phosphorous: 5.9 mg/dL (RI: 4.3 – 8.3) 
 
Microscopic description: 
Left proximal humerus: The segmentally and 
irregularly thickened physeal cartilage has 
persistent tongues and disorganized clusters of 
hypertrophic, degenerate and necrotic 
chondrocytes that extend into the ill-defined 
primary and secondary spongiosa. The slender 
and frequently fragmented trabecular bony 
spicules have central cartilage, surrounded by 
woven and lamellar bone. The intertrabecular 
space is composed of a loose fibrovascular 
meshwork with intermixed rare, mature 
adipocytes and predominately later-stage 
hematopoietic elements. The metaphyseal cortex 
is flared, and the markedly attenuated to absent 
cortical bone is covered by an approximately 150 
µm thick layer of fibrous periosteum. A focus of 
moderate hemorrhage is within the periosteum 
and the adjacent endomysium and perimysium. A 
cleft in the proximal diaphysis (previous location 

of screw) is surrounded by hemorrhage and 
displaces the bony spicules to the periphery. 
 
Contributor’s morphologic diagnosis: 
Left proximal humerus: Physeal 
chondrodystrophy and delayed endochondral 
ossification (rickets). 
 
Left proximal humerus: Fibrous osteodystrophy 
with osteopenia. 
 
Contributor’s comment: 
Randomly distributed, moderate, neutrophilic 
acute hepatitis and minimal, acute, neutrophilic, 
interstitial pneumonia were diagnosed with 
histological examination of the standard tissues. 
These findings, along with the history of 
profound hypoglycemia, pointing to likely 
peracute septicemia as the cause of death. The 
emaciation (supported by a poor body condition 
and serous atrophy of epicardial fat) is considered 
to be a contributing cause of death for this case 
leading to an inability to mount a sufficient 
immune response. 
 
Ultraviolet B dermal radiation converts 7-
dehydrocholesterol (7-DHC) to pre-vitamin D3 in 
keratinocytes, which then undergoes thermal 
isomerization to vitamin D3. Vitamin D3, as well 
as dietary vitamin D2, are bound to vitamin D-
binding protein and transported to the liver. In the 
liver, hepatic cytochrome 450 enzymes (such as 
CYP27A1, CYP3A4, CYP2R1, and CYP2J3) 
carry out 25-hydroxylation of vitamin D, 
converting it to 25-hydroxyvitamin D. Under the 
tight regulation of parathyroid hormone and 

Thoracic plate, alpaca: Ribs 4-10 exhibit calluses from 
diaphyseal fracture. (Photo courtesy of: Auburn University - 
Department of Pathobiology 
https://www.vetmed.auburn.edu/academic-
departments/dept-of-pathobiology/ 

Proximal humerus, alpaca. At subgross magnification, the 
physis is irregular and there are segmental areas of retained 
cartilage projecting into the metaphysis. A screw hole from 
a prior attempt at fracture fixation is present at the 
diaphyseal edge land secondary spongiosa is remodeled 
concentrically around it. (HE, 5X) 



plasma phosphorous, the kidney produces either 
the most active form of vitamin D, 1,25-
dihydroxyvitamin D, or the inert metabolites, 
24,25-dihydroxyvitamin D or 1,24,25-
trihydroxyvitamin D.1,2 
 
Melanin in the skin competes with 7-DHC for 
ultraviolet photons, so animals with pigmented 
skin require more UVB exposure for previtamin 
D3 formation. Animals at higher altitudes are 
exposed to higher levels of UVB and, therefore, 
may not need prolonged exposure to the sun for 
sufficient previtamin D3.2 
  
Vitamin D targets, indirectly or directly, the 
kidneys, parathyroid glands, intestine, and bone. 
In the intestine, vitamin D promotes the uptake of 
calcium and increase active phosphate 
absorption. Transient receptor potential vallinoid 
6 (TRPV6) transports calcium into the intestinal 
enterocyte to bind to calbindin D. Calbindin D 
transports calcium to PMCA1b and NCX1 to 
excrete calcium into the bloodstream. Both 
TRPV6 and calbindin D are upregulated by 
vitamin D.2 
  
Vitamin D maintains the ionized blood calcium 
concentration by mobilizing calcium from bone 

stores. Vitamin D likely stimulates RANKL, 
thereby increasing binding to RANK on 
osteoclasts and stimulates the maturation of 
osteoclast progenitor cells to osteoclasts 
(osteoclastogenesis). The decoy receptor 
osteoprotegerin (OPG) is downregulated by 
vitamin D. Binding of RANLK to OPG inhibits 
osteoclastogenesis.  
 
Vitamin D is partially balanced by parathyroid 
hormone. Vitamin D deficiencies result in 
hypocalcemia, stimulating the parathyroid gland 
to secrete parathyroid hormone. Excess vitamin 
D can suppress the parathyroid gland by 

Proximal humerus, alpaca. The physis is irregularly thickened by tongues of unremodeled cartilage extending downward into the 
metaphysis. Hematopoietic cells are absent and intratrabecular spaces are filled with loosely arrange fibrous connective tissue. 
Focal dark staining of physeal cartilage is artifactual. (HE, 19X) 

Proximal humerus, alpaca. Chondrocytes in the 
hypertrophic zones in retained cartilage lose their vertical 
orientation, forming disordered chondrones and impairing 
vascular invasion. (HE, 334X) 



decreasing growth factors, inhibit cell growth, 
and increasing ionized calcium sensitivity of the 
parathyroid gland.2 
 
Black-coated alpacas are predisposed to 
developing vitamin D deficiency. Previous 
research has demonstrated that black-coated 
alpacas have lower serum vitamin D3 all year, 
with vitamin D3 levels that do not fluctuate with 
yearly solar radiation levels, unlike lighter-coated 
alpacas.6 Bone density in light-coated alpacas, 
along with serum vitamin D3 and phosphorous 
concentrations, does fluctuate with, but lags 
behind, seasonal levels of solar radiation. Due to 
this lag, the nadir of bone density and vitamin D3 
in the northern hemisphere is from January to 
May despite solar irradiation being lowest in 
December.5 
  
Rickets is a disease in immature and growing 
animals, such as in this case of an 8-month-old 
animal, caused by a deficiency in vitamin D 
and/or phosphorous. Affected animals with 
rickets will fail to mineralize their bone and have 
subsequent deformities, pathological fractures, 
and bone pain. In rickets, this failure of 
mineralization and endochondral ossification 
causes the growth plates to be irregularly 
thickened. This thickening of the growth plates is 
especially prominent in the costochondral 
junctions, forming a row of nodular thickenings – 
classically termed ‘rachitic rosary’ due to the 
string of beads-like appearance.4 
 
Vitamin D deficiency histologically differs from 
phosphorous deficiency rickets in bone. Both 
forms will develop the characteristic physeal 

failure of endochondral ossification. However, 
lack of vitamin D impairs the absorption of 
calcium from the intestine and the reabsorption of 
calcium from bone, leading to hypocalcemia and 
secondary hyperparathyroidism. Because of the 
hypocalcemia, younger animals with vitamin D 
deficiency have lesions that overlap with rickets 
and fibrous osteodystrophy.1 This is most notable 
in the cortical and trabecular bone. With 
phosphorous deficiency, the trabecular and 
cortical bone contains excess unmineralized 
osteoid leading to failed osteoclast resorption and 
impaired bone modeling/remodeling. With 
vitamin D deficiency, there is extensive 
resorption and replacement of the trabecular and 
cortical bone with fibrous connective tissue 
(features of fibrous osteodystrophy).4 
 
Contributing Institution: 
Auburn University - Department of Pathobiology 
https://www.vetmed.auburn.edu/academic-
departments/dept-of-pathobiology/ 
 
JPC diagnosis: 

1. Long bone: Physeal and epiphyseal 
osteodysplasia, diffuse, with regional 
delayed endochondral ossification 
(rickets). 

2. Long bone: Osteopenia, trabecular and 
cortical, diffuse. 

3. Long bone: Serous atrophy of fat, 
diffuse, marked. 

 
JPC comment: 
The moderator emphasized that these lesions may 
be due, in part, to rickets. Other portions of the 
bone, such as the fewer and thinner bony 
trabeculae, are features of osteopenia. The 
clinical history and gross findings may also 
support malnourishment in this animal, 
contributing to the lesions observed in this 
animal. The moderator described three features 
likely occurring concurrently in this animal: 
fibrous osteodystrophy, delayed endochondral 
ossification, and chondrodystrophy. Contributing 
factors may have been protein and caloric 
restriction, hypocalcemia, and vitamin D 
deficiency. 
 
Vitamin D balance is crucial for calcium and 
phosphorus homeostasis, and its deficiencies are 

Proximal humerus, alpaca. Metaphyseal trabeculae have 
wide osteoid seams, dense cartilaginous cores, and few 
lining osteoclasts indicating active remodeling. 
Hematopoietic precursors are sparse. (HE, 118X) 



well illustrated by this case. Different species 
depend on vitamin D for this balance to different 
degrees, and it has been hypothesized that these 
differences can be attributed to evolutionary 
adaptation to different environments. The 
movement of animal life from aquatic 
environments, which is relatively higher in 
calcium and lower in phosphorus than land 
environments, necessitated new mechanisms to 
absorb calcium and regulate the balance with 
phosphorus needs. Successful adaptations 
included the increased absorption of calcium 
from the gastrointestinal system, more flexible 
bone remodeling which acts as a calcium 
reservoir, and the maturation of three intertwined 
hormones that regulate the calcium and 
phosphorus balance. Parathyroid hormone, 
vitamin D, and fibroblast growth factor 23 
(FGF23) all act together to provide feedback to 
the absorption, reservoir, and elimination 
mechanisms within the body to provide an 
optimum balance for life.7 
 
While the effects of PTH and vitamin D are 
regularly described and detailed, FGF23 is more 
recently characterized. FGF23 is secreted by 
osteoblasts and osteocytes when stimulated by 
1,25(OH)2D3, PTH, or chronically elevated levels 
of serum calcium and phosphorus. The 
elaboration of FGF23 provides negative feedback 
to PTH secretion, inhibits renal absorption of 
phosphorus, and reduces the capacity of the 
kidney to activate vitamin D.7 
 
The moderator emphasized that FGF23 sits at an 
interesting intersection of rickets and fibrous 
osteodystrophy/osteopenia, providing critical 
feedback to the systems regulating these 
processes. In this case, it is not immediately clear 
whether FGF23 is implicated in the development 
of disease, or might be a useful target for therapy. 
 
Defects in renal 1-α-hydroxylase results in 
vitamin D-dependent rickets, Type 1, where 
25(OH)D3 cannot be transformed to 
1,25(OH)2D3. This key enzyme is encoded by the 
gene CYP27B1 (type 1a), or CYP27R1 (type 1b), 
and mutations have been documented as 
autosomal recessive disease in humans, 
Hannover pigs, a few cats, and one Saint Bernard 
dog.1 This disease manifestation in cats is due to 

mutated CYP27B1 genes, but there have been 
different mutation locations and types, indicating 
non-specific initiating events. Additional 
research may focus on interactions in non-coding 
regions supporting these exons.3 
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CASE 2: MW19-0351 (4152807-00) 
 
Signalment: 
6 year old, male castrated, Arabian cross, Equus 
caballus, equine 
 
History: 
A 6-year-old Arabian gelding presented initially 
with a history of reduced appetite, and low-grade 
fever. CBC revealed anemia and leukopenia and 
chemistry revealed azotemia, hypoglobulinemia, 



hyperphosphatemia and hyperkalemia. 
Urinalysis was in the isosthenuric range 
indicating renal failure. Ultimately, the patient 
became depressed and tachychardic, and then had 
a neurologic episode that consisted of seizure, 
recumbency, nystagmus from which he never 
recovered. Due to the poor prognosis, euthanasia 
was elected.  
 
Gross Pathology: 
The carcass was in fair body condition and good 
postmortem condition. The left kidney was 
severely enlarged, weighing 7.15 kg. On cross 
section, approximately 95% of the renal 
parenchyma of the left kidney is effaced by a soft, 
yellow to tan mass. Similarly, there is a soft, 
yellow to tan, peripherally expansile, spherical 
mass obliterating approximately 20% of the renal 
parenchyma of the right kidney. Three lymph 
nodes were enlarged in the immediate vicinity of 
the right kidney and adrenal gland. These lymph 
nodes ranged in size from 2.5 cm to 3.5 cm in 
diameter and on cut section, the corticomedullary 

distinction was completely obscured by firm, tan, 
soft, tan to white, variably sized (4-7 mm in 
diameter) coalescing nodules. The brain was 
grossly unremarkable. 
 
Laboratory results: 
No additional testing performed 
 
Microscopic description: 
Obliterating approximately 90% of the renal 
parenchyma within the section are multifocal to 
coalescing, variably sized, moderately to densely 
cellular aggregates of inflammatory cells 
composed predominately of epithelioid 
macrophages that are often multinucleated 
(Langhans-type) admixed with moderate 
numbers of lymphocytes and plasma cells and 
fewer eosinophils separated by abundant, 
variably mature, fibrous connective tissue. The 
described inflammatory cells are variably 
centered on and around large numbers of 
randomly distributed, tangential and cross-
sections of adult and larval nematodes as well as 
numerous nematode eggs. The adult nematodes 
are approximately 15-20 microns in diameter and 
up to 300-400 microns in length, and have a thin 
cuticle, platymyarian-meromyarian musculature, 
intestinal tract, and characteristic rhabditiform 
esophagus with a corpus, isthmus and terminal 
bulb. A uterus containing a dorsoflexed ovary is 
also occasionally identified within the adult 
nematodes. Larval nematodes are also present 
and typically measure 10-15 microns in diameter 
and 150-250 microns in length and have the 
characteristic rhabditiform esophagus. Parasitic 
eggs are 10 x 25-40 microns, ovoid, and both 
embryonated and larvated. 

Kidney, horse. Approximately 95% of the parenchyma and 
of the left kidney and 25% of the right kidney is effaced by a 
soft, tan mass. (Photo courtesy of: Midwestern University 
College of Veterinary Medicine, Diagnostic Pathology 
Center, 5725 West Utopia Rd., Glendale, AZ 85308 
https://www.mwuanimalhealth.com/diagnostic-
pathology-center) 

Kidney, horse. A single section of kidney (capsule at left) is 
submitted for examination. 80% of the cortex and medulla 
in this section are effaced by multifocal to coalescing areas 
of granulomatous inflammation. (HE, 5X) 



 
Contributor’s morphologic diagnosis: 
Kidney: Nephritis, granulomatous, 
lymphoplasmacytic, multifocal to coalescing, 
severe, with myriad intralesional rhabditoid 
nematode adults, larvae, and eggs, etiology 
presumptive Halicephalobus gingivalis 
 
Contributor’s comment: 
In addition to nephritis, microscopic examination 
of the brain and lymph node from this horse 
identified both meningoencephalitis and 
lymphadenitis with intralesional rhabditoid 
nematodes that were consistent with 
Halicephalobus gingivalis.  
 
Halicephalobus gingivalis is a facultative, 
opportunistic nematode of the order Rhabditidia, 
family Panagrolaimidae. The life cycle and 
pathogenesis of this opportunistic pathogen is 
still poorly understood. Halicephalobus 
nematodes are found free-living in association 
with water, soil, and decaying organic matter and 
it is thought that transmission occurs primarily 
via wounds in the skin or mucous membranes.7,9 
Rarely, other routes of infections have been 
suggested, including transmammary.12 Upon 
infection, dissemination of the infection is then 

thought to occur hematogenously.6 Although 
both males and females exist in the environment, 
only female nematodes have been observed 
within microscopic lesions, suggesting that 
within a host, reproduction occurs asexually via 
parthenogenesis.7,9  
 
In veterinary species, this parasitic infection is 
considered uncommon and sporadic, however 
when described, has been most commonly 
reported in horses. To date, only a single case 
series of H. gingivalis infection in cattle has been 
published.4 Cases in domestic horses have been 
identified worldwide, including the Southwestern 
United States, which is where this horse 
originated (specifically was from New Mexico). 
The most commonly reported sites of infection in 
horses are the brain, kidneys, lymph nodes, oral 
and nasal mucosa, and adrenal glands.3,6,7,11 Very 
rare cases of meningoencephalitis and myelitis 
associated with H. gingivalis infection have been 
described in humans.9-10 
 
 
 
 

Kidney, horse. Areas of granulomatous inflammation contain variable combinations and concentrations of macrophages (uni- 
and multinucleated), lymphocytes, and plasma cells on moderately dense fibrous matrix. There are numerous cross and tangential 
sections of larval nematodes and a cross section of an adult female with a prominent esophagus (lower right). (HE, 380X) 



Contributing Institution: 
Midwestern University College of Veterinary 
Medicine  
Diagnostic Pathology Center 
https://www.mwuanimalhealth.com/diagnostic-
pathology-center 
 
JPC diagnosis: 
Kidney: Nephritis, granulomatous, chronic, 
focally extensive, severe, with adult and larval 
rhabditid nematodes and eggs. 
 
JPC comment: 
This rhabditoid nematode was previously known 
as Micronema deletrix, and while primarily 
affecting equids, it has been described in other 
species as well. Numerous cases of fatal 
encephalitides have occurred in humans8 and 
horses, with several cases observing larva in CSF 
fluid collected either antemortem or postmortem. 
The migrating larva induced a sterile neutrophilic 
and mononuclear pleocytosis.1  

 
These are free living nematodes, that thrive in 
soil, compost, manure, even deep within the core 
of the Earth. A facultative parasite, it infects 
horses more frequently than humans, and even 
less frequently cattle. In cases where 
disseminated disease occurs, they may be seen in 
kidneys, the brain or spinal cord, lymph nodes, 
oronasal mucosa, adrenal glands, the heart, and 
even bone (mandibular and maxillary infections 
reported). 
 
Descriptive features of H. gingivalis include a 
diameter of approximately 15-25µm, a smooth 
cuticle, platymarian-meromyarian musculature, a 
rhabditiform esophagus composed of a corpus, 
isthmus, and bulb, a gastrointestinal tract lined by 
uninucleate cuboidal cells, and a single genital 
tract. Within well-developed lesions, tangential 
and cross sections of adults as well as larva are 
easily visualized, with intermixed 10-15µm 
diameter, ovoid, embryonated eggs.5 

Colon, foal. Adult female Halicephalobus gingivalis have a prominent tripartite esophagus with a corpus, isthmus, and bulb. (HE, 
400X). (Photo courtesy of: Midwestern University College of Veterinary Medicine, Diagnostic Pathology Center, 5725 West Utopia 
Rd., Glendale, AZ 85308 https://www.mwuanimalhealth.com/diagnostic-pathology-center) 



 
From its first description in a nasal swelling of a 
horse in 1965, it has enjoyed broad spread across 
the world into diverse environments. Cases of H. 
gingivalis infection in horses have been reported 
in the United States, Canada, Brazil, the United 
Kingdom, France, Austria, and Turkey. The 
nematode's ability to survive in varied 
environmental conditions allows infection of 
horses, and humans in infrequent cases.2 
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CASE 3: N19-187 (4152932-00) 
 
Signalment: 
Adult male Virginia opossum (Didelphis 
virginiana) 
 
History: 
The patient was a wild opossum and presented to 
the wildlife clinic by a concerned member of the 
community for ill-thrift. On physical 
examination, the patient was severely dehydrated 
and emaciated. On full body radiographs, 
numerous radiolucent, pinpoint foci were 
identified throughout all bones in the axial and 
appendicular skeleton (Radiograph 1; 
Radiograph 2). The patient was euthanized due to 
poor prognosis.  
 
Gross Pathology: 
On gross postmortem examination, the patient 
was severely emaciated and dehydrated. The 
pericardial and bone marrow pericardial adipose 
were translucent, gelatinous, and pale yellow 
(serous atrophy of fat). Randomly distributed 

Presentation, opossum. Scattered throughout the skeletal 
muscle, there are numerous 1mm apicomplexan cysts. 
(Photo courtesy of: Cummings School of Veterinary 
Medicine at Tufts University, Pathology department, 200 
Westboro Rd, North Grafton, MA 01536, 
https://vetmed.tufts.edu/pathology-service/) 



throughout the skeletal muscle, visceral organs, 
axial and appendicular skeleton, eyes, and within 
the lumen of large veins were thousands of 
pinpoint, spherical, firm, off-white foci.  
 
The stomach was void of ingesta, but contained 
30 to 40 round, off-white, 1.25 cm long and 0.1 
cm in diameter nematodes with tapered ends.  
 
Laboratory results: 
None. 
 
Microscopic description: 
Long bone: Randomly distributed throughout the 
cortical bone, and within the medullary cavity, 

are numerous, round, protozoal cysts, ranging in 
size from 120 to 300 um in diameter. The cyst 
wall is 15 µm wide and amphophilic and the cyst 
contains thousands of spindloid, eosinophilic 
bradyzoites with a single, basophilic nucleus. A 
moderate number of cysts are necrotic, 
characterized by a round lightly eosinophilic 
structure with a fragmented, discontinuous cyst 
wall and lack of bradyzoites. Necrotic cysts are 
encircled by a moderate, dense band of 
macrophages and degenerate leukocytes that 
occasionally infiltrate the cyst remnant. The 
medullary cavity is hypercellular with 
granulocytic hyperplasia. Bone marrow 
adipocytes are decreased in number and size and 
frequently replaced by lightly basophilic, wispy 
material (serous atrophy of fat).  
 
Contributor’s morphologic diagnosis: 
Long bone, bone marrow: disseminated 
coccidiosis (consistent with Besnoitia darlingi 
cysts) with marked medullary granulocytic 
hyperplasia and serous atrophy of fat. 
 
Stomach (not submitted): moderate, focally 
extensive gastritis with intraluminal nematodes. 
 
 
 

Long bones, opossum. Two section of a long bone 
(presumptively distal ulna) are submitted for examination. 
At subgross magnification, apicomplexan cysts are visible 
both within the marrow cavity, as well as within cortical 
Haversian canals. (HE, 5X) 

Long bone, opossum. Typical Besnoitia darlingi schizont with a 10um exterior hyaline capsule, a thin rim of basophilic host cell 
cytoplasm with multiple nuclei, and numerous small zoites. The collapsed capsule of a necrotic schizont is adjacent at right. (HE, 
98X) 



Contributor’s comment: 
The combination of patient signalment, gross 
findings, and the morphology of the protozoan 
cysts were deemed consistent with Besnoitia spp, 
likely Besnoitia darlingi. Besnoitia are 
Apicomplexan protozoa, within the 
Sarcocystidae family, and infect a number of wild 
and domestic mammals, as well as reptiles.2,7 
Felids have been identified experimentally and 
naturally as the definitive host for a number of 
Besnoitia spp, including Besnoitia darlingi.7,8 
Opossums serve as an intermediate host.5 
Diagnosis is based on anatomic lesions, 
histopathology, immunofluorescence, and 
electron microscopy.7 
 
The pathogenicity of Besnoitia is variable and 
while the underlying causes have not been fully 
elucidated, young age, immunosuppression, and 
stress have been suggested as predisposing 
factors for clinical disease.2 Infection frequently 
causes no adverse effects, although animals may 
have numerous cysts in the skin, striated muscle, 
and visceral organs.2 In cattle, Besnoitia besnoitti 
is an economically important disease; in severe 
infections, it can result in reduced fertility in 
females and reduced reproductive efficacy in 
breeding bulls, secondary to orchitis.3  
 
In opossums, Besnoitia darlingi has historically 
been considered non-pathogenic, with numerous 
cysts in the skin, striated muscle and/or visceral 
organs with lack of an inflammatory response. 
However, there are reports of severe disease, 
debilitation, or death.2 In cattle, 
immunosuppression has been implicated as a 
factor in the development of severe cases and skin 
lesions.5 Previous reports of disseminated 
Besnoitia in opossums have been associated with 
immunosuppression in the form of recent 

parturition, poor body condition, and 
gastrointestinal and respiratory parasitism.5 In 
this case, the high parasite load may have 
predisposed the patient to severe emaciation and 
stress, allowing dissemination of Besnoitia 
darlingi. However, it is difficult to determine if 
the Besnoitia dissemination is cause or effect of 
emaciation. Another contributing factor was the 
presence of cysts within the anterior chamber of 
both eyes, which may have compromised 
eyesight, making foraging difficult.  
 
Contributing Institution: 
Cummings School of Veterinary Medicine at 
Tufts University 
Pathology department 
200 Westboro Rd 
North Grafton, MA 01536 
https://vetmed.tufts.edu/pathology-service/ 
 
JPC diagnosis: 

1. Long bone, medullary cavity, Haversian 
canals and periosteum: Apicomplexan 
cysts, disseminated, with mild 
granulomatous osteomyelitis. 

2. Long bone: Serous atrophy of fat, 
diffuse, marked.  

3. Long bone: Myeloid hyperplasia, diffuse, 
marked. 

 
JPC comment: 
The contributor summarizes this entity in 
opossums concisely. Within the Besnoitia genus, 
species of importance include this B. darlingi and 
B. tarandi in opossums, B. besnoitia in cattle, B. 
bennetti in donkeys, B. caprae in goats, B. 
wallacei in rats, B. neotomofelis in woodrats, B. 
oryctofelisi in rabbits, and B. jellisoni in mice. As 
stated by the contributor, for several species for 

Long bone, opossum. Besnoitia darlingi schizont within a 
Haversian canal in the cortex. (HE, 47X) 

Long bone, opossum. There is diffuse hyperplasia of the 
granulocytic compartment of the bone marrow. (HE, 381X) 



which the life cycle has been described, the cat is 
the definitive host, shedding viable oocysts in 
feces that are morphologically similar to those of 
Toxoplasma gondii.1 
 
Despite understanding the life cycle of 4 of the 10 
species of Besnoitia, the exact mode of 
transmission remains undetermined. It is 
currently thought that mechanical transmission 
by blood-sucking insects is a primary route of 
transmission, but other routes may exist. In the 
early stages of disease, tachyzoites in 
intermediate hosts proliferate in host endothelial 
cells, monocytes, and neutrophils. As the 
infection progresses, tissue cysts form, as seen in 
this case. Each cyst represents a parasitized host 
cell, with the growing bradyzoites inducing 
hyperplastic and hypertrophic changes.6 
 
The Virginia opossum also has other host adapted 
parasites that cause little disease in this definitive 
host. When considering potential disease in 
horses kept near natural surroundings, it is 
important to remember that Didelphis virginiana 
is the definitive host for Sarcocystis falcatula, 
and possibly also the definitive host for S. 
neurona. These noble animals are also a reservoir 
host for Leishmania brasiliensis, an important 
agent that causes human and animal 
mucocutaneous leishmaniasis.1,4 
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CASE 4: 933-17 (4116933-00) 
 
Signalment: 
14yo female spayed German Shepherd dog 
(Canis lupus familiaris)  
 
History: 
Presented anorexic for 5 days with polydipsia and 
intermittent vomiting over the previous week. 
The animal had lost 3.5kg in the past 3 months. 
The dog had previously been diagnosed with 
degenerative joint disease that was being treated 
with robenacoxib, amantadine, gabapentin, 
pentosane and fish oil supplementation. On 
clinical examination, the dog was tachycardiac 
and tachypneic with harsh lungs sounds. A 
marked azotemia was noted on a biochemistry 
profile with moderate elevation in ALT/ALKP 
(see laboratory results below). The dog was 
euthanized at the owner’s request and submitted 
for post-mortem examination. 
 
 
 

Flat bone, dog. A large polypoid mass composed of 
repeating lobules of cartilage and bone extends outward 
from and infiltrates the cortex of the adjacent flat bone. (HE, 
5X) 



Gross Pathology: 
The lungs were discolored red/purple with a 
slightly rubbery texture. Both kidneys were 
irregular in shape with expansion of the renal 
pelvis and bilaterally the renal papillae were 
overlayed by friable yellow material. Radiating 
yellow streaks were present in the renal medullae. 
Arising from the caudal left parietal and occipital 
bones of the skull, there was an irregularly 
shaped, moderately defined, multilobulated, hard 
mass approximately 6 cm x 4cm x 5cm which 
protruded from the exterior and interior surface of 
the skull. The underlying cerebellum was 
indented at the site of the mass. 

 
Laboratory results: 
See inset tables. 
 
Red cell morphology: Unremarkable. 
White cell morphology: Unremarkable. 
Platelet morphology: Unremarkable. 
 
Microscopic description: 
The mass is composed of irregular islands of 
hypercellular bone intermixed with a variable 
quantity of chondroid matrix containing cells 
within lacunae. Surrounding these islands there is 
a population of pleomorphic spindloid cells 
which have indistinct margins and lacy chromatin 
with a single central nucleolus. Occasionally 

Hematology results. 

Chemistry results. 



there are giant cells within the population, but 
mitoses are rare. Dissecting between these 
regions there are septae of dense fibrous 
connective tissue. There is complete and active 
lysis of the adjacent calvarium, but the mass is 
well-circumscribed with no evidence of invasion. 
 
Contributor’s morphologic diagnosis: 
Skull, parietal bone: Multilobular tumor of bone 
 
Contributor’s comment: 
Multilobular tumor of bone (MTB, also known as 
multilobular osteochondrosarcoma, chondroma 
rodens, canine multilobular osteoma and 
chondroma, and calcifying aponeurotic fibroma) 
is an uncommon neoplasm that occurs most 
frequently in medium to large breed dogs, though 
it has also been reported in cats,1,7 a horse,6 and a 
ferret.3 Almost all MTB arise from the flat bones 
of the skull, but tumors arising from the chest 
have also been reported.5,7 MTB is typically slow-
growing but locally invasive, and despite 
anecdotal reports of low metastatic potential, 
metastases were identified in 56% of cases in one 
study2, predominantly distributed within the lung, 
bone and soft tissues. Local recurrence is also 
common following excision. 
 

MTB typically presents as a hard, well-defined 
and irregular nodule that arise from the external 
or internal surface of the skull, with a 
heterogenous gritty texture on incision that has 
been described as reminiscent of popcorn balls.2 
The gross appearance is often suggestive of 
MTB, but differential diagnoses include osteoma, 
osteosarcoma, chondroma, chondrosarcoma, 
osteochondroma, osteochondromatosis, ossifying 
fibroma, meningioma, and craniomandibular 
osteopathy. The histological appearance of MTB 
is distinctive, characterized by a mosaic of well-
differentiated mineralized and unmineralized 
cartilaginous and osseous tissue organized into 
discrete lobules separated by septa of fibrous 
connective tissue. A three-tier grading system has 
been developed for MTB8 based on the criteria of 
marginal invasion, lobular size, tissue 
organization, mitotic rate, cellular pleomorphism, 
and presence of necrosis. Grade III tumors were 
associated with faster metastasis and local 
recurrence following excision, as well as shorter 
survival time. 
 
The tumor in this case was identified as an 
incidental finding, with the animal’s clinical 
presentation relating to renal failure. Histological 
assessment of the kidneys identified severe 
chronic membranomesangial glomerulonephritis 

Flat bone, dog. The neoplasm is composed of numerous islands of cartilage, bone, and spindle cells enmeshed in dense 
homogenous eosinophilic matrix. (HE, 43X) 



with interstitial fibrosis and acute renal papillary 
necrosis, potentially caused by NSAID therapy.  
 
Contributing Institution: 
Faculty of Veterinary and Agricultural Sciences, 
The University of Melbourne, Werribee, 
Victoria, Australia  
http://fvas.unimelb.edu.au 
 
JPC diagnosis: 
Flat bone: Multilobular tumor of bone. 
 
JPC comment: 
As indicated by the contributor, multilobular 
tumor of bone is the preferred nomenclature, and 
these neoplasms may be either benign or 
malignant. The precise histogenesis of this 
neoplasm is yet to be determined, but research has 
provided a few clues. Most reported multilobular 
tumors of bone arise from either dermatocranium 
or viscerocranium, both of which are of 
intramembranous origin. Calvarial periosteal 
cambium cells grown in cell cultures have 
chondrogenic potential and may be the source of 
these tumors. There is also some evidence that the 
periosteal cambium layer of the calvarium has a 
different regulation mechanism than cambium 
cells in the axial and appendicular skeletal 
bones.9 
 

Typical features of these neoplasms include 
irregular islands of hypercellular, disorganized 
bone with bland morphology. An outer fibrous 
septum surrounds an inner cambium-like cell 
layer, with a central core of cartilage and/or bone. 
They often have a gritty, nodular texture, and are 
well circumscribed. They are most often locally 
aggressive and invasive, with, as the contributor 
states, ~56% metastatic rate. When discovered, 
most metastatic disease is located in lung, bone, 
and soft tissue. 
 
A recently described case of multilobular tumor 
of bone in a guinea pig was the first reported 
occurrence in a rodent. Similar to previously 
reported cases in other species, the affected 
guinea pig had an exophytic mass arising from 
the frontal bone, maxilla, and nasal bone. CT was 
performed to assist in determining surgical 
margins, which should be considered prior to 
antemortem surgical excision.4 
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1. Which of the following is true? 
a. Animals with darkly pigmented skin need more ultraviolet B light to create pre-vitamin 

D3. 
b. Calbindin D is a transient membrane potential that allows calcium to enter enterocytes.  
c. Calbindin is downregulated by vitamin D2. 
d. Vitamin D downregulates RANKL, decreasing osteoclast maturation from precursors. 

 
2. True or false?  Black coated alpacas are more prone to rickets than light-coated alpacas. 

a. True 
b. False 

 
3. Which is the presumed most common method of infection by Halicephalobus gingivalis ? 

a. Ingestion 
b. Transmammary 
c. Transplacental 
d. Wound infection 

 
4. True or false?  The opossum is the definitive host for Besnoitia darlingi. 

a. True 
b. False 

 
5. Which of the following larval stages of cyathostomes is considered infective ? 

A.  L1 
B.  L2 
C.  L3 
D. L4 

 

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 2020-2021 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 1: MS1401949 (JPC 4052879-00) 
 
Signalment: 
3 month old male C57BL/6N mouse 
 
History: 
A 3 month old male C57BL/6N mouse received 
total body irradiation of 900 rads and 
subsequently received 5 x 106 syngeneic bone 
marrow cells. Two months later the mouse was 
infected with 1.5x104 Listeria monocytogenes IV 
via tail vein injection. The mouse became morbid 
within days and was submitted for necropsy 
following euthanasia. 
 
Gross Pathology: 
The mouse was thin and contained a small 
amount of body fat. The spleen was of normal 
size but moderately pale and mottled. The liver 
was mildly enlarged uniformly. The heart, lungs, 
kidneys, GI tract, testes and brain appeared 
normal. 
 
Laboratory results: 
A sample of spleen was collected for bacterial 
culture and yielded a pure growth of Listeria 
monocytogenes. 
 
Microscopic description: 
Liver - There is multifocal, random acute 
coagulative necrosis throughout the section. 
Small numbers of degenerative neutrophils are 

present along the margins of the necrotic foci. 
Intracellular bacilli are evident within 
hepatocytes at the margins of the necrotic foci. 
Mild to moderate intracellular lipidosis is present 
with the lipidosis being more prominent in 
hepatocytes at the margins of the necrotic foci. 
 
Spleen - Multiple foci of necrosis are evident 
which appear to correspond primarily with 
lymphoid follicles. Degenerative neutrophils are 
evident adjacent to necrotic foci, within sinusoids 
and the capsule of the spleen. Short gram positive 
bacilli consistent with Listeria monocytogenes 
are evident within the spleen. Minimal 
extramedullary hematopoiesis is noted in the 
spleen.  
 

Liver, spleen, mouse. A section of liver and spleen are 
submitted for examination. Multifocal to coalescing areas 
of pallor corresponding to necrosis are seen in both sections. 
(HE, 9X) 



Lesions were not noted in other organs/tissues. 
 
Contributor’s morphologic diagnosis: 
Spleen - splenitis, necrotizing, acute, severe 
Liver - hepatitis, multifocal, necrotizing, acute, 
severe 
 
Contributor’s comment: 
Listeria monocytogenes is a gram positive, 
facultative, intracellular bacillus. It is a 
ubiquitous agent found in the soil which can 
survive in the environment for months or longer. 
The agent is one of the leading causes of food- 
borne disease. 
 
Listeria was first discovered by E.G.D. Murray in 
1926 associated with outbreaks affecting rabbits 
and guinea pigs. The first human case was 
reported in 1929, with the first human epidemic 
associated with ingestion of contaminated food in 
1983.2 The organism grows best at -18° to 10° C. 
The ability to grow at these temperatures allows 
for transmission from foodstuffs which have been 
properly refrigerated. The agent has been isolated 
from raw and undercooked meat and poultry, 
processed meats, vegetables, soft cheeses, ice 
cream and unpasteurized milk. Vegetables can be 

contaminated from soil or manure used as 
fertilizer.8 
 
Human infections in the United States occur at 
approximately 2500 per year with a mortality rate 
of 20 to 30%. High risk groups include the 
elderly, infants, pregnant women, fetuses, and 
immunocompromised individuals. Infection of 
humans and animals is typically via ingestion of 
contaminated foodstuffs. The bacterium typically 
causes a self-limiting gastroenteritis and can 
reside in the intestinal tract for long periods 
without inducing disease.4 
 
Infection beyond the gastrointestinal tract 
generally leads to one of three significant clinical 
syndromes - meningitis/meningoencephalitis, 
septicemia, and third trimester abortion. In 
humans, disease is typically manifested as a 
meningitis and/or meningoencephalitis. In 
animals listeriosis is primarily a disease of 
ruminants affecting sheep, cattle and goats and 
has also been reported in llamas, alpacas, deer, 
reindeer, antelope, water buffalo, moose and 
captive giraffe. Infection is often associated with 
ingestion of spoiled silage. The disease in 
ruminants is typically a CNS disorder with 
suppurative meningitis or meningoencephalitis 

Liver, mouse. There are multifocal areas of lytic necrosis scattered randomly throughout the parenchyma, which begin as areas 
of coagulative necrosis which are then infiltrated by large numbers of neutrophils which become necrotic and add to the cellular 
debris. (HE, 212X) 



and cerebral microabscesses, with clinical signs 
including circling, ataxia, opisthotonos and 
possible cranial nerve paralysis. The CNS signs 
are due to centripetal migration along cranial 
nerves particularly the trigeminal nerve, with 
lesions commonly involving the brainstem, with 
gross evidence of meningitis along the ventral 
midbrain, pons and medulla oblongata. In 
ruminants, particularly sheep, infection may also 
be caused by L. ivanovii.6 In monogastric animals 
the disease is primarily a septicemia and has been 
reported in rodents and lagomorphs and rarely in 
dogs, cats, horse and swine. In nonhuman 
primates disease is rare and has been reported in 
chimpanzees, baboons, and Celebese black apes. 
Disease has also been reported in avian species 
including chickens, turkeys, ducks, geese, 
pigeons, canaries, parrots, eagles, owls and 
partridges.5 Mice are susceptible to experimental 
infection but are relatively resistant to infection 
orally and require administration by a parenteral 
route. Susceptibility to infection varies by strain 
with A/J and BALB/c being more sensitive to 
infection than C57BL/6.5 
 
Infection follows invasion of the intestinal 
epithelium with replication in the lamina propria 
and extension to the mesenteric lymph nodes with 
dissemination to the liver and spleen. Secondary 

viremia can lead to dissemination to the cranial 
nerves and the meninges and to the placenta in 
pregnant females. Invasion of epithelial cells is 
receptor mediated and involves expression of 
internalin genes in1A, in1B, and ami on the 
surface of the bacterium which bind E-cadherin 
inducing adhesion. Following multiplication in 
the cytosol the bacteria induce actin 
polymerization to aid in direct transfer to adjacent 
cells. Listeria monocytogenes can enter dendritic 
cells and histiocytes via phagocytosis. 
Listeriolysin O, a secreted cholesterol induced 
cytolysin, mediates escape from the phagocytic 
vacuoles into the cytosol. Protection against the 
bacterium is mediated primarily by interferon 
gamma produced by NK and T cells.5 
 
Contributing Institution: 
National Institutes of Health 
Division of Veterinary Resources 
Diagnostic and Research Services Branch 
 
JPC diagnosis: 

1. Liver: Hepatitis, necrotizing, random, 
multifocal, marked, with numerous 
intracellular and extracellular bacilli. 

2. Spleen: Splenitis, necrotizing, multifocal 
to coalescing, severe, with thrombosis 
and lymphocytolysis. 

Spleen, mouse. Coalescing areas of lytic necrosis efface both red and white pulp. (HE, 203X) 



 

JPC comment: 
The contributor provides an excellent summary 
of Listeria monocytogenes. Because this 
bacterium causes significant disease in human 
populations, as well as animal populations, there 
is utility in tracking outbreaks and potentially 
drawing conclusions about patterns of infection. 
ProMED is an organization that aggregates 
official and unofficial data and provides 
resources and updates regarding disease 
outbreaks for a number of entities. Importantly, 
this data aggregation is publicly available, which 
can help inform the allocation of resources, 
evaluation of intervention efficacy, and novel 
aspects of the disease. A study of human L. 
monocytogenes cases from 1996-2018 covered 
the largest outbreak recorded, in South Africa, 
where there were more than 1000 laboratory 
confirmed cases, and more than 200 deaths. In the 
analyzed time period, there was also a marked 
increase in outbreaks involving novel foods not 
previously associated with L. monocytogenes. 
The increases are hypothesized to be due to 
changing food distribution methods and 
government regulation, the complexity of the 
global food distribution system, and the 
widespread consumption of ready to eat 
products.3 
 
 While to a great degree, L. monocytogenes is 
considered one entity, in reality, there are four 
evolutionary lineages, 13 serotypes, and four 
PCR groups within the species. Using multilocus 

sequence typing (MLST), there are further 
subdivisions into clones. These distinctions come 
with varying pathogenicity, and variable 
expression of virulence factors. In addition to 
In1A (listeriolysin S cluster) and genes 
responsible for synthesis of teichoic acid, a 
collection of six genes that encode a cellobiose-
family PTS system, which impacts sugar and 
carbon metabolism and confers increased 
neurovirulence and maternal-neonatal infection 
virulence. The collection of six genes has a 
proposed name of Listeria pathogenicity island 4 
(LIPI-4). Other clones of L. monocytogenes lack 
LIPI-4, but are capable of causing disease, 
indicating that additional factors contributing to 
their virulence remain to be discovered.7 
 
Investigation into extracellular vesicles secreted 
by Gram positive bacteria was neglected until 
recently, as it was erroneously considered 
unlikely given their thick peptidoglycan cell 
walls. However, biologically active extracellular 
vesicles have now been described for a variety of 
fungi and Gram positive bacteria, in addition to 
the previous body of knowledge for Gram 
negative bacteria. L. monocytogenes secretes 
vesicles 20-200 nm in diameter containing 
listeriolysin O and phosphatidylinositol-specific 
phospholipase C. When tested, cell-free 
preparations of extracellular vesicles were toxic 
to murine macrophage cells, helping L. 
monocytogenes to survive intracellularly within 
hosts. By packaging virulence factors in a vesicle, 
it allows for concentrated delivery, without 
dilution as a function of distance.1 
 
The moderator emphasized that while L. 
monocytogenes is relatively uncommon in mice, 
it is associated with abortion in rabbits. Other 
clinical manifestations include gastroenteritis, 
sepsis, and meningoencephalitis. As illustrated in 
this case, the experimental inoculation was 
performed as an intravenous injection, which has 
a higher degree of reproducibility in experimental 
models than oral infection. 
 
References: 
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Listeria monocytogenes virulence factors, 
including listeriolysin O, are secreted in 

Liver, mouse. Numerous short gram-positive bacilli 
consistent with Listeria monocytogenes are concentrated at 
the perimeter of necrotic foci. (Brown-Brenn, 1000X) 
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CASE 2: 17-0367-2-3 (JPC 4101224-00) 
 
Signalment: 
Twelve-month-old, intact male Sprague-Dawley 
rat, Rattus norvegicus. 
 
History: 
The animal was part of a group of training rats; 
however, it had never been used for this purpose 
and was considered experimentally naïve. Health 
records indicated that the animal was reported 
clinically normal. During a recent regular check-
up, a large ovoid mass was found slightly 
protruding from the right flank. The animal was 
euthanized and submitted for necropsy. 
 
Gross Pathology: 
The right kidney was completely effaced by a 3 
cm x 2.5 cm, white to grayish, firm multinodular 
mass with multifocal areas of hemorrhages and 

necrosis. A similar but smaller (1.2 cm in 
diameter) round white firm mass was also present 
on the caudal pole of the left kidney. 
 
Laboratory results: 
Not applicable. 
 
Microscopic description: 
Left kidney. Partially effacing the right kidney 
and compressing the adjacent normal 
parenchyma, there is a well demarcated, 
unencapsulated, expansile multinodular 
epithelial neoplasm characterized by a diffuse 
lobular pattern in which lobules are separated by 
thin bands of fibrovascular stroma. Lobules are 
composed of large, round to polygonal cells, with 
abundant amphophilic to eosinophilic cytoplasm. 
Neoplastic cells frequently display multiple small 
clear vacuoles within their cytoplasm or contain 
large clear intracytoplasmic vacuoles. Nuclei are 
round to oval with finely granular chromatin and 
1 occasionally evident central magenta nucleolus. 
There is moderate cellular and nuclear 
pleomorphism with karyomegaly, and mitoses 
are rare. Scattered throughout the neoplasm, there 
are multifocal areas of coagulative necrosis 
within the center of the lobules, mineral 
deposition is seen. In the adjacent section of 
preserved kidney, tubules are occasionally 
dilated, lined by flattened tubular epithelial cells, 
and contain a moderate to abundant amount of 
eosinophilic homogeneous proteinaceous 
material. Occasional tubular basophilia is seen 

Kidney, rat. The caudal pole of the kidney is effaced by a 
1.4cm diameter pale white soft nodular mass. (Photo 
courtesy of: Laboratory of Comparative Pathology; Hospital 
for Special Surgery, Memorial Sloan Kettering Cancer 
Center, The Rockefeller University, Weill Cornell Medicine.) 



with mild thickening of the peritubular basement 
membrane. Small clusters of lymphocytes and 
plasma cells are rarely seen in the fibrovascular 
stroma adjacent to the neoplastic cells of within 
the preserved renal interstitium. 
 
Contributor’s morphologic diagnosis: 
Kidneys: Amphophilic-vacuolar renal tubule 
carcinoma, bilateral. 
 
Kidney, left: Mild multifocal tubular dilation 
with intraluminal hyaline casts and peritubular 
basophilia; minimal multifocal interstitial 
lymphoplasmacytic infiltrates. 
 
Contributor’s comment: 
Amphophilic-vacuolar (AV) tumors are a variant 
of renal tubule tumors (RTTs) exhibiting 
morphologic features that are different from the 
conventional RTTs.1,7,8,9 Specifically, AV tumors 
have a diffuse multilobular appearance in which 
lobules are separated by thin bands of 
fibrovascular stroma.1 Lobules consist of tightly 
packed polygonal cells with distinct cell borders, 
abundant amphophilic to eosinophilic cytoplasm 
frequently containing numerous large clear 
vacuoles.1,9  
 
Tumors with AV phenotype can be seen in rats as 
part of the spectrum of hyperplasia, adenoma, and 
carcinoma identified for renal tumors.8 As 
reported in the present case, AV tumors are often 
multiple and/or bilateral.4 Furthermore, regions 
of atypical tubular hyperplasia characterized by 
more than a single cell layer forming a solid 
tubule or papillary projections can also be seen 
associated with it.1,5 The first report of 
spontaneous RTTs with AV features in rats 

occurred nearly 60 years ago,2 and it represented 
an example of a Mendelian inherited 
predisposition (autosomal dominant pattern) in 
which all heterozygous animals develop 
tumors).3,4 It is now known that its spontaneous 
occurrence in the Long-Evans (Eker) rat is due to 
mutations in the tuberous sclerosis gene (Tsc2).10 
A tumor exhibiting similar morphologic features 
has also been observed in SD (Nihon) rats, and it 
is attributable to mutations in the Birt-Hogg-
Dube´ (Bhd) tumor suppressor gene.11 Germline 
mutations in either of these 2 tumor suppressor 
genes predispose the rats to multicentric, bilateral 
renal tubular neoplasia and hyperplasia.6 In the 
Eker rat, tumors have a later onset and appear 
vacuolated and chromophilic; conversely, 
neoplasms in rats harboring the Bhd mutation 
exhibit an early onset and may have a clear cell, 
cystic, papillary, chromophobe, or eosinophilic 
appearance.11  
 
A previous report identified a low incidence of 
spontaneous AV tumors in one group of F344 
littermates.16 AV tumors have been reported 
sporadically in several strains of young rats used 
in subchronic toxicity (90-days) studies,6,7,13 as 
well as in two-year carcinogenicity bioassays.8 
Interestingly, they have been observed in control 
and treated groups,8 and have previously been 
demonstrated to be spontaneous, nontreatment-
related.1,8,9 Additionally, their distinct 
histological profile clearly helped differentiating 
them from the conventional chemically induced 
RTTs.1 Furthermore, in support of the familial 
nature of these neoplasms, it was not uncommon 
for multiple tumors to appear within the same 
toxicologic study where the animals are often 
littermates,1 in the absence of underlying 
toxic/proliferative changes.6 Metastases of AV 

Kidney, rat. Subgross magnification of the kidney and 
neoplasm at the caudal pole. (HE, 6X) 

Kidney, rat. Neoplastic cells are arranged in cords, and 
occasionally, smaller nests and packets. (HE, 103X) 



tumors were not reported in the previous studies, 
at least in the lungs,8 and were not found in the 
present case. Complete blood count (CBC), 
serum chemistry and urinalysis were not 
performed prior to euthanasia. Minimal tubular 
ectasia accompanied by hyaline casts and 
multifocal tubular basophilia were noted 
histologically, and no other changes were found 
in the organs examined. These findings are 
compatible with an early stage of chronic 
progressive nephropathy (or CPN), which is one 
of the most common spontaneous lesions in rats 
and mice and it is commonly observed in nearly 
all male rats.5 Although no association with 
chronic progressive nephropathy was previously 
reported,8 the animal in the present case was older 
compared other animals diagnosed with AV 
tumors.1,6,11 
 
Given its aforementioned features, it has been 
proposed to record this distinctive renal tumor 
phenotype separately from conventional RTTs 
and allow for appropriate interpretation of the 
carcinogenic potential of a test article on the 
kidneys.1,8  
 
Contributing Institution: 
Laboratory of Comparative Pathology; Hospital 
for Special Surgery, Memorial Sloan Kettering 

Cancer Center, The Rockefeller University, Weill 
Cornell Medicine.  
https://www.mskcc.org/research-
areas/programs-centers/comparative-medicine-
pathology 
 
JPC diagnosis: 
Kidney: Renal cell carcinoma, amphophilic-
vacuolar type. 
 
JPC comment: 
The contributor provides a concise summary of 
this infrequently encountered renal tumor. A 
number of rats have been used as animal models 
of autosomal dominant gene associated renal 
tumors, including the Eker and Nihon rats. 
Others, such as Sprague-Dawley, Fischer 344, 
and Wistar rats also experience spontaneous 
proliferative renal lesions. As of this writing, 
there have been no reports of metastasis, or 
chemical induction of these tumors.15 
 
In rats, basophilic carcinomas with well 
organized lobules are the most common 
carcinomas. While clear cell and papillary 
carcinomas occur in the rat, they are much less 
frequent, and anaplastic and sarcomatoid variants 
are rare. For purposes of classification, both 
amphophilic vacuolar type neoplasms and 

Kidney, rat. Neoplastic cells often contain a large 
cytoplasmic vacuole with flocculent amphophilic debris. 
(Photo courtesy of: Laboratory of Comparative Pathology; 
Hospital for Special Surgery, Memorial Sloan Kettering 
Cancer Center, The Rockefeller University, Weill Cornell 
Medicine. )(HE, 200X) 

Kidney, rat. Occasional karyomegalic cells are scattered 
throughout the neoplasm, and nests of neoplastic cells often 
demonstrate areas of central necrosis (lower left). (Photo 
courtesy of: Laboratory of Comparative Pathology; Hospital 
for Special Surgery, Memorial Sloan Kettering Cancer 
Center, The Rockefeller University, Weill Cornell Medicine. 
(HE, 200X) 



oncocytomas should be considered distinct and 
separate from basophilic tumor types.5 
 
A recent report of three cases of AV tumors in 
Sprague-Dawley rats participating in a 2-year 
carcinogenicity study highlight the scientific gaps 
in our knowledge of this disease pathogenesis and 
progression. The animals were all in placebo 
control groups, and so contribute to the evidence 
for familial disease in these rats.12 
 
A number of histologically similar neoplasms 
have recently been reported in Tg.Rash2 mice in 
26-week carcinogenicity studies. The lesions 
were adenomas and a carcinoma with 
amphophilic staining of polygonal cells, and 
tumors demonstrated cystic and/or papillary 
patterns. Because these lesions are thought to be 
familial in rats, a trace back to the parents of 
affected mice was performed. However, there 
was no correlation in lesions between 
generations. The lesions in affected mice all 
presented with multiple neoplasms, either 
multiple foci in one kidney, or lesions in both 
kidneys. These likely arose as spontaneous 
lesions.14 
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CASE 3: 2019 Case 1 (JPC 4135948-00) 
 
Signalment: 
4.7 months old male Dunkin-Hartley guinea pig 
(Cavia porcellus) 
 
History: 
This guinea pig boar was obtained from the 
supplier with a jugular vein catheter and enrolled 
in an infectious disease imaging study. Following 
baseline imaging and bloodwork, this animal was 
experimentally infected followed by imaging and 
elective euthanasia on post-infection day 3. 
 
Gross Pathology: 
N/A 
 
Laboratory results: 

 Baseline Terminal RI 
WBC 6.25 4.47 3.12-8.71 
Neutrophil 2560 3490 932-3935 
Lymphocyte 3320 790 771-5058 
Monocyte 260 170 128-629 
Platelets 536 251 155-545 
Hematocrit 45.2 44.0 34.3-56.1 
Glucose 165 214 129-215 
Creatinine 0.4 0.7 0.2-0.7 
BUN 18 14 11-21 
Calcium 10.8 10.7 9.5-11.6 
Albumin 2.7 2.5 1.9-3.3 
Total Protein 4.7 4.7 4.0-5.8 
ALP 93 88 79-259 
TBili 0.3 0.3 0.2-0.4 
GGT 16 9 5-31 
Amylase 1093 1090 861-1613 

 
Microscopic description: 
Slide contains sections of serous (parotid), 
mucinous (sublingual) and mixed 
(submandibular) salivary glands as well as 
thymus, cervical lymph nodes, thyroid, and 
skeletal muscle. Unilaterally affecting the parotid 
and sublingual glands there is focally extensive 
central coagulative necrosis and edema. At the 
margins of the lesions, with variable ingress to the 
center and replacement of infarcted tissues, there 
is florid infiltrate of densely cellular plump 
spindle cells (fibroblasts) with scant nascent 
edematous stroma, frequent macrophages and 
few neutrophils. Embedded within this process 
are numerous intralobular ducts, the morphology 
of which ranges from normal to crowded and 

stratified with cytoplasmic basophilia and 
frequent mitotic figures. There is scattered 
squamous metaplasia of the ducts with prominent 
desmosomes in the stratum spinosum. Some 
ducts within areas of coagulative necrosis are 
lined by attenuated basophilic cells with necrotic 
cell debris in the center. Acute fibrin thrombi or 
fragments of re-endothelialized and organized 
thrombus are visible in some small arteries, with 
plump hypertrophied endothelium lining the 
intima. Edema and nascent fibroplasia 
circumscribe both glands. 
 
Contributor’s morphologic diagnosis: 
Parotid and sublingual salivary glands, unilateral, 
coagulative necrosis (infarct), focally extensive, 
subacute to chronic, severe with fibroplasia and 
ductal hyperplasia and squamous metaplasia 
 
Contributor’s comment: 
Necrotizing sialometaplasia is a rare, poorly 
understood reactive lesion presumed to follow 
ischemic damage to the salivary gland. It has been 
previously reported in dogs, cats, and a laboratory 
rabbit.1,3,8,12 In humans, the lesion often affects 
the minor salivary glands of the palate, but can 
uncommonly affect major salivary glands.2,5 In 
addition to presenting as a mass lesion, dogs may 
have clinical signs including ptyalism, dysphagia 
and vomiting.4 It is important not to misdiagnose 
the process as squamous cell carcinoma with 
desmoplasia, particularly with cytology or small 
biopsy samples. 
 
This guinea pig was obtained from the supplier at 
approximately 2 months of age with a catheter 

Multiple organs, guinea pig. Sections of parotid salivary 
gland, thyroid, cervical lymph node, submandibular and 
sublingual salivary gland, and thymus are presented for 
examination. At left, there is a large area of pallor within the 
submandibular gland and stain affinity is poor in multiple 
lobes of the salivary gland. (HE, 5X) 



implanted in the right jugular vein. This 
procedure includes a percutaneous stay suture 
near the junction of the jugular vein and cranial 
vena cava. In this case, it is suspected that the 
suture may have inadvertently ligated the arterial 
supply to the ipsilateral parotid and sublingual 

salivary glands, resulting in infarction. The 
guinea pig salivary glands receive blood from the 
superficial cervical artery, maxillary artery, 
lingual artery, and cranial laryngeal artery.10 
Based on location of the stay suture, it is likely 
that the superficial cervical artery was affected. 

Submandibular salivary gland, guinea pig. Higher magnification of the periphery of the infarct. Salivary gland undergoing 
coagulative necrosis is at right. At the periphery, ducts demonstrate regenerative changes including deep basophilia, large nuclei, 
and mitotic figures. Ductal lumina contain brightly eosinophilic debris. There is disorganization of acini at left, with shrunken and 
disorganized acinar cells with poor delineation of cellular borders and lack a lumen (atrophy). Moderate numbers of neutrophils 
expand the interstitium. (HE, 260X) 

Submandibular salivary gland, guinea pig. In other areas of the gland, there is ductal proliferation with numerous mitotic figures. 
(HE, 393) 



The lesion was considered incidental and 
unrelated to experimental manipulations. It 
should be recalled that in guinea pigs the thymus 
is located in the cranioventral neck rather than the 
mediastinum.6 
 
Contributing Institution: 
Pathology Department 
NIH/NIAID 
Integrated Research Facility 
https://www.niaid.nih.gov/about/integrated-
research-facility 
 
JPC diagnosis: 
Salivary gland, submandibular: Coagulative 
necrosis (infarct), multifocal, with ductular 
degeneration, necrosis, and regeneration, 
squamous metaplasia, and acinar atrophy. 
 
JPC comment: 
In a recent analysis of 179 canine salivary lesions 
in Georgia (United States), approximately 2.2% 
of lesions were necrotizing sialometaplasia, with 
approximately half of cases diagnosed as non-
specific sialoadenitis. Similar to this case, 
described cases of necrotizing sialometaplasia 
were characterized by extensive areas of 
coagulative necrosis bordered by mixed 

inflammation and fibrosis, vascular thrombosis, 
and duct hyperplasia with squamous metaplasia.7 
 
Cases of necrotizing sialometaplasia have been 
reported in other species as well. Previous reports 
have indicated 5-13% of feline salivary lesions 
involve infarction, leading to necrotizing 
sialometaplasia. However, while human cases 
usually involve known causes of vascular damage 
or ischemia, a cause has not been identified in 
cats.1 
 
In a study comparing the efficacy of different 
therapies for reducing the volume of the inferior 
nasal turbinate tissue in pigs, the 6 week post 
potassium titanyl phosphate (KTP) laser 
treatment patients had remarkable necrotizing 
sialometaplasia in the lamina propria, with cystic 
glands and excess mucous production. The KTP 
laser emits light at 532 nm, readily absorbed by 
hemoglobin, and causes endothelial impairment 
and thrombosis. The resulting coagulative 
necrosis is typically confined to a depth of 0.5 
mm, with subsequent necrotizing sialometaplasia 
found in this region.11 
 
The moderator and conference participants 
discussed the diagnostic criteria for this entity, 
which includes 1) massive infarction, 2) bland 

Submandibular salivary gland, guinea pig. At the periphery of the infarct which border the interlobular septa, there is infiltration 
of the periglandular fat and effacement of glandular tissue by granulation tissue and inflammation. (HE, 169X) 



nuclear features, 3) squamous metaplasia of the 
ducts and acini, 4) inflammation and granulation 
tissue, and 5) maintenance of the glandular 
lobular structures. This entity may be 
misdiagnosed as mucoepidermoid, squamous cell 
carcinoma, or subacute necrotizing 
sialoadenitis.9,12 
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CASE 4: 2020-WSC2 (JPC 4157768-00) 
 
Signalment: 
8 week old, female, Syrian hamster 
 
History: 
This Syrian hamster was on study for validation 
of a SARS-CoV-2 animal model. This animal 
was immunosuppressed through pretreatments 
with Cyclophosphamide. Although weight loss 
was noted clinically, the animal demonstrated 
signs of recovery and was euthanized thirteen 
days following challenge. 
 
Gross Pathology: 
At necropsy, lung lobes were speckled red with 
minimal amounts of fluid in the pleural cavity. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
Lung: Affecting greater than 60% of the 
pulmonary parenchyma at all levels are 
multifocal to coalescing, random, and patchy 
areas of consolidation admixed with dense 
aggregates of macrophages, heterophils, fewer 
lymphocytes, multinucleate cells, necrotic 
cellular debris, hemorrhage, fibrin, and edema. 
Alveolar lumina contain swollen alveolar 

Lung, hamster. There is multifocal to coalescing areas of 
pulmonary consolidation. The outpouching of the bronchial 
wall seen at low magnification is a function of cut. (HE, 5X) 



macrophages, previously mentioned 
inflammatory cells, hemorrhage, and necrotic 
debris. Within areas of consolidation alveolar 
septa are lined by palisading segments of low 
cuboidal epithelium (type II pneumocyte 
hyperplasia). Alveolar septa in these areas are 
expanded by inflammatory cells, fibrin, 
hemorrhage, and edema (septal necrosis). 
Inflammatory cells expand the peribronchial and 
peribronchiolar connective tissue with increased 
clear space (edema). Bronchial and bronchiolar 
epithelial cells exhibit the following: hyperplasia 
characterized by being bunched, stacked, and 
layered up to 4 cell layers thick, degeneration 
characterized by swelling, vacuolation and 
variable loss of cilia, and necrosis characterized 
by shrinking with a scant amount of 
hypereosinophilic cytoplasm and a pyknotic 
nucleus. The pleura is diffusely expanded up to 
4x normal thickness by fibrous connective tissue, 
macrophages, heterophils, and lymphocytes. The 
pleural surface is lined by plump, reactive 
mesothelium (hypertrophy). 
 
Contributor’s morphologic diagnosis: 
Lung: Pneumonia, bronchointerstitial, 
necrotizing, histiocytic, heterophilic, multifocal, 
marked with type II pneumocyte hyperplasia, 
hamster (Mesocricetus auratus), rodent. 

 
Contributor’s comment: 
Coronaviruses are enveloped RNA viruses that 
can lead to intestinal and respiratory infections in 
humans and animals.8,15 A novel coronavirus 
infection identified as Coronavirus Disease 2019 
(COVID-19) can result in severe and fatal 
pneumonia which was identified in patients from 
Wuhan City, Hubei Province, China in December 
2019.19 The subsequent pandemic and dearth of 
knowledge regarding this emerging pathogen 
resulted in widespread research efforts to further 
characterize the pathogen, disease course, and 
potential animal models.  
 
Attachment and entry of SARS-CoV-2 is 
mediated by the human angiotensin-converting 
enzyme 2 (ACE2) receptor which is expressed 
primarily in lung (airway epithelial cells and type 
II pneumocytes), intestine, kidney, and heart.7,18 
Expression of ACE2 mRNA has also been 
described in the brain, testis, liver, spleen, bone 
marrow, thymus, lymph nodes, skin, and mucosa 
of the oral and nasal cavity.3 Histologic features 
of the disease in humans reflect that of SARS-
CoV to include diffuse alveolar damage (DAD), 
hyaline membrane formation with multinucleate 
viral syncytial cells, and pulmonary edema.16  
 

Lung, hamster: Higher magnification of the inflammation in consolidated areas with diffuse filling of alveolar spaces and airways 
with exudate, interstitial expansion and marked hyperplasia of Type II pneumocytes and bronchiolar epithelium. (HE, 310X) 



Since identification of the novel coronavirus, a 
number of studies have been conducted to 
establish an animal model to further characterize 
the disease and support therapeutic development 
efforts. At present, animal models include 
hamsters2,14, non-human primates11,12,17, ferrets4,13 
and mice.1 In the present study, the most notable 
histologic lesions at 13 days post-challenge (dpc) 
were identified in nasal turbinates and lungs. 
There is olfactory mucosal erosion and/or 
ulceration with multifocal, olfactory epithelial 
necrosis that can be overlaid by a 
pseudomembrane of necrotic debris and 
degenerate inflammatory cells. Additional 
findings include moderate to marked submucosal 
edema and infiltration by heterophils and 
lymphocytes. The predominant finding in lungs 
were diffuse, bronchial to bronchiolar epithelial 
hyperplasia with a patchy, mosaic of pulmonary 
consolidation. Areas of consolidation contained 
dense aggregates of macrophages, heterophils, 
necrotic debris, type II pneumocyte hyperplasia, 
and multinucleate cells. Reported histopathologic 
lesions from hamsters infected with SARS-CoV-
2 at earlier stages of infection include epithelial 
cell degeneration of the trachea, diffuse alveolar 
damage and hyaline membrane formation in the 

lungs, and congestion of nasal turbinate 
submucosa.2 
 
Although not clearly identified for SARS-COV-
2, multinucleate cells have been observed in 
SARS-CoV infection. Based on 
immunoreactivity with CD68, multinucleate cells 
have been identified as macrophage origin.6 The 
susceptibility of ferrets and cats are considered 
high, with dogs being of low susceptibility and 
pigs, chicken, and ducks being not susceptible.12 
Reports of companion animal infection by SARS-
CoV-2 have been reported, but data regarding 
post-mortem and microscopic findings in these 
species are limited. The significance of these 
findings in the context of zoonotic spread has yet 
to be determined and warrants further study. 
 
Contributing Institution: 
USAMRIID 
https://www.usamriid.army.mil/ 
 
JPC diagnosis: 
Lung: Pneumonia, bronchointerstitial, 
neutrophilic and histiocytic, multifocal to 
coalescing, subacute, severe, with marked Type 
II pneumocyte hyperplasia with syncytia 
formation, and multifocal septal necrosis. 

Lung, hamster. In consolidated areas, alveolar septa are markedly expanded by macrophages, circulating neutrophils, edema, 
and marked Type II pneumocyte hyperplasia, many of which have markedly enlarged nuclei. In addition, there is hyperplasia of 
small bronchiolar epithelium, which extends into adjacent alveoli. This particular area is at the periphery of an area of 
consolidation in order to allow for better visualization of individual cellular components. (HE, 380X) 



 
JPC comment: 
The contributor provides a concise summary on 
this case of SARS-CoV-2 in a hamster. A number 
of models of SARS-CoV-2 have been 
investigated, but serious natural disease has been 
experienced in mink farms. 
 
The mink farming industry has recently received 
renewed attention due to the SARS coronavirus-
2 (COVID-19) that has caused a worldwide 
pandemic and high rates of morbidity and 
mortality in human populations. Europe currently 
has an estimated 2750 mink farms, producing in 
excess of 27 million pelts annually. Due to the 
density of minks in group housing, transmissible 
disease often has ample opportunity to spread 
through farms. In early 2020, respiratory disease 
was noted in a number of mink farms in 
Denmark, which was isolated and confirmed to 
be SARS-CoV-2. In November 2020, the 
Ministry of Environment and Food of Denmark 
announced the culling of all mink in the country, 
due to concerns surrounding virus mutation. A 
number of coronaviral spike mutations had been 
noted in virus isolated from mink, leading to less 
effective neutralization by antibodies in a subset 
of humans that had been infected.5,10 
 

SARS-CoV-2 has a similar presentation in mink 
as humans. Mink examined in the Netherlands 
had experienced respiratory disease, and an 
increase in mortality. Clinical signs also included 
watery to mucoid nasal exudates and anorexia as 
the disease progressed. Affected animals had 
grossly apparent interstitial pneumonia 
characterized by all lobes swollen, dark red, and 
did not collapse. Histologically, lungs had diffuse 
alveolar damage, type II pneumocyte 
hyperplasia, thickening of alveolar septa by 
fibrillar eosinophilic material and mononuclear 
cells, with alveolar exudate consisting of 
desquamated cells, mononuclear inflammatory 
cells, and low numbers of neutrophils. 
Bronchiolar epithelial cells were characterized by 
severe necrosis with syncytial cells. Pulmonary 
alveolar edema with abundant foamy alveolar 
macrophages, perivascular edema, and 
hyperemia of alveolar septa were also consistent 
findings. Immunohistochemistry demonstrated 
strong immunolabeling for SARS-CoV-2 in 
epithelial cells of the bronchi and bronchioles, 
alveolar epithelial cells, and desquamated 
pneumocytes and macrophages.9 
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Lung, hamster. There are aggregates of foamy macrophages in subpleural alveoli, and the pleura is segmentally covered with 
hyperplasia mesothelium. (HE, 380X) 
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1. In humans, listerial infections outside the gastrointestinal tract usually present as? 
a. Pneumonia 
b. Placentitis 
c. Meningitis 
d. Septicemia 

 
2. True or false?  Amphophilic vacuolar renal tubule tumors in rats have a higher incidence of 

metastasis, especially pulmonary, than conventional RTTs. 
a. True 
b. False 

 
3. Necrotizing sialometaplasia has not been reported in which of the following species ? 

a. Humans 
b. Dogs 
c. Cats 
d. Horses 

 
4. True or false?  The opossum is the definitive host for Besnoitia darlingi. 

a. True 
b. False 

 
5. Which of the following larval stages of cyathostomes is considered infective ? 

A.  L1 
B.  L2 
C.  L3 
D. L4 

 

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 2020-2021 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 1: 19-0026A (JPC 4139463-00) 
 
Signalment: 
4 year old female entire Ragdoll (Felis catus) 
 
History: 
Ileocecocolic mass with severely enlarged lymph 
nodes. Preliminary diagnosis of feline 
eosinophilic sclerosing fibroplasia based on 
eosinophils seen on tissue smear. Associated 
lymph nodes markedly enlarged and purulent 
discharge present on incision. Ileocecocolic mass 
resected along with enlarged purulent lymph 
nodes for histopathology. DDx feline 
eosinophilic sclerosing fibroplasia vs neoplasia 
(mast cell tumor, lymphoma, adenocarcinoma, 
other). 
 
Gross Pathology: 
The specimen presented for examination is a 
section of the ileum, caecum and colon and a 
mesenteric lymph node. A firm, pale tan-cream, 
multilobulated mass 120 x 40 x 12 mm is effacing 
the caecum, ileum and colon. On section, the 
mass contains soft pale brown-green material 
surrounded by a thick, cream, firm capsule. The 
mesenteric lymph node (65 x 58 x 55 mm) is firm, 
multilobulated, cream-pale tan. On section, the 
lymph node contains multiple cystic structures 
which exude viscous brown fluid. 
 
 

Laboratory results: 
RAPID DIFF SMEAR  
Mass: Much connective tissue and numerous 
spindle cells, scattered neutrophils, eosinophils 
and macrophages, numerous bacterial cocci.  
Lymph node: Spindle cells, several neutrophils, 
scattered macrophages, occasional plasma cell; 
some cocci are present in neutrophils and the 
occasional bacterial rod may also be present. 
 
CULTURE (Blood agar, aerobic, anaerobic 37C)  
All samples (mass, discharge and node) grew a 
heavy growth of Staphylococcus aureus. The 

Ileum, cat: Subgross magnification of the submitted section 
of ileum. There are multiple pyogranulomas within the 
submucosa and nodular areas of sclerosing fibroplasia in 
the muscular tunics (HE, 5X) 



sample labeled "lymph node" additionally grew a 
heavy mixed bacterial population that includes 
obligate anaerobes.  
 
SENSITIVITY  
Susceptible to oxacillin, amoxycillin/clavulanic 
acid, 1st generation cephalosporins, doxycycline, 
trimethoprim / sulfonamides, marbofloxacin, 
enrofloxacin, gentamicin, clindamycin, 
erythromycin. 
Resistant to penicillin, ampicillin.  
 
Microscopic description: 
A multifocal proliferative mass composed of 
thick branching and anastomosing, poorly 
cellular trabeculae of dense birefringent collagen 
and plump (reactive) fibroblasts (fibrosis) 
admixed with abundant degenerate and 
nondegenerate eosinophils and brightly 
eosinophilic granular material is expanding and 
effacing the submucosa, tunica muscularis, 
serosa and surrounding fibroadipose tissue. The 
trabecular collagen merges gradually into more 
typical granulation tissue at the periphery of the 
lesions. Fewer foamy macrophages, neutrophils 
and lymphocytes admixed with variably sized 
foci of cellular and karyorrhectic debris 
(necrosis), oedema and hemorrhage are scattered 

throughout the mass. There are rare clusters of 
cocci. Blood vessels are congested. Numerous 
lymphocytes, eosinophils and plasma cells 
admixed with mild oedema and increased 
amounts of pale collagen and plump (reactive) 
fibroblasts are infiltrating the lamina propria and 
extending transmurally through the ileal and 
colonic wall. The lumen contains cellular and 
karyorrhectic debris (necrosis) admixed with 
clusters of basophilic cocci. Occasional ectatic 
crypts lined by attenuated epithelium contain 
cellular and karyorrhectic debris (necrosis). 
There is mild multifocal crypt epithelial 
hyperplasia, characterized by plump, crowded 
epithelial cells which pile up, often have 
overlapping nuclei with frequent mitotic figures. 
The predominantly eosinophilic inflammation 
and fibroplasia extend to the colonic surgical 
margin. 
 
Contributor’s morphologic diagnosis: 
Ileocecocolic junction, lymph node (not 
submitted): Eosinophilic sclerosing fibroplasia, 
with large intralesional colonies of cocci and 
Splendore-Hoeppli material. 
 

Ileum, cat. There are multifocal areas of lytic necrosis scattered randomly throughout the parenchyma, which begin as areas of 
coagulative necrosis which are then infiltrated by large numbers of neutrophils which become necrotic and add to the cellular 
debris. (HE, 212X) 



Intestines: Enterocolitis, lymphoplasmacytic, 
eosinophilic, locally extensive, moderate, 
chronic, with fibrosis and crypt hyperplasia. 
 
Contributor’s comment: 
Feline gastrointestinal eosinophilic sclerosing 
fibroplasia (FGESF) is a feline inflammatory 
condition which affects the gastrointestinal tract 
and associated lymph nodes. It is characterized by 
an intramural, typically ulcerated, multinodular, 
fibrosing and eosinophilic mass that effaces the 
wall of the gastrointestinal tract, most commonly 
at the pyloric sphincter or ileocecocolic 
junction.2 The disease primarily affects middle-
aged cats, although cats of any age can be 
affected. FGESF has been reported in domestic 
shorthairs, Ragdolls, Persians, domestic 
longhairs, mixed breeds, one Siamese, one Maine 
Coon, and one Himalayan.2,8,10 Ragdolls were 
overrepresented in a review of 13 cases.8 Typical 
clinical signs include decreased appetite, 
vomiting, weight loss and diarrhea.8 A hard, non-
painful abdominal mass is often palpable 
clinically. During sampling, masses are often 
described as firm, “gritty”, and heterogeneous on 
section.5,8 Bloodwork abnormalities associated 
with the disease include hyperglobulinemia, 
hypoalbuminemia, peripheral eosinophilia and/or 
mild peripheral neutrophilia.2,8,11  

 
The pathogenesis of FGESF is incompletely 
understood. It is thought immune dysregulation 
(genetic predispositions, parasitism, dysbiosis, 
inflammatory bowel disease or food 
hypersensitivities leading to eosinophil 
dysregulation), infections (herpesvirus, bacteria, 
fungi, Toxoplasma gondii, Cylicospirura spp.), 
and/or migrating foreign bodies may play a 
role.4,5,8,9 Secondary infections may also 
perpetuate the inflammatory response. In cases 
where intralesional bacteria have been detected 
(as in this case), it is hypothesized that bacteria 
could initiate FGESF. However, the role of 
bacteria is still unclear, and the presence of 
normal bacterial flora further complicates 
establishment of an association.2,8,11 It is likely 
pathogenesis is multifactorial. The profound 
inflammatory response noted in FGESF may be 
related to other eosinophilic diseases in cats 
(eosinophilic granuloma, indolent ulcer, 
eosinophilic plaque).  
 
Eosinophils play a major role in the pathogenesis 
of FGESF. Eosinophils are most commonly 
associated with parasitic and allergic 
conditions. They have several types of granules, 
including small granules, primary granules, and 
large specific granules (secondary granules). 

Ileum, cat. As in the less mature submucosal pyogranulomas, there is often areas of lytic necrosis at the center of the more mature 
granulomas. (HE, 77X) 



These granules contain various enzymes, 
cytokines and proteins that contribute to ongoing 
inflammation and fibrosis. Specifically, granules 
contain mediators such as major basic protein 
(MBP), TGF-α and -β, and Il-1 to IL-6. 
Eosinophil chemoattractants include histamine, 
eosinophilic chemotactic factor A, C5a, 
cytokines (IL-4, IL-5, and IL-13), and 
chemokines (CCL-5, also known as RANTES, 
and CCL-11, also known as eotaxin). These 
chemoattractants are released from epithelial 
cells, helminths, mast cells, and eosinophils 
themselves.2,8,10,11 This chronic inflammation 
likely contributes to eosinophilic proliferation 
and fibrosis, resulting in mass formation. 
 
Microscopically, FGESF has a characteristic 
pattern of densely collagenous and anastomosing 
trabeculae, large spindle cells 
(myofibroblasts)2 and numerous 
eosinophils.2,8,10,11 Lesions infiltrate the intestinal 
wall and, sometimes, regional lymph nodes. 
There is frequent intestinal mucosal ulceration 
within affected areas.  
 
The prognosis is guarded and dependent on the 
ability to completely surgically resect the mass 

(lesions associated with the pyloric sphincter are 
unlikely to be completely resected).2,4,11 There is 
no consistent treatment regime.8 A multimodal 
treatment approach combining surgical resection, 
prednisolone, antibiotics, and 
immunomodulatory agents is considered ideal.8 
 
Differential diagnoses in cats with abdominal 
mass(es) and/or mesenteric lymphadenopathy 
include neoplasia (fibrosarcoma, extraskeletal 
osteosarcoma, feline sclerosing mast cell tumor, 
lymphoma, adenocarcinoma), granuloma, and 
eosinophilic gastritis. Clinically, the presence of 
an ulcerated mass at the pyloric sphincter or 
ileocecocolic junction can be misdiagnosed as a 
neoplasm or granuloma. Microscopically, 
FGESF needs to be distinguished from other 
neoplasms, including extraskeletal osteosarcoma, 
where densely collagenous trabeculae may be 
misinterpreted as osteoid, and feline sclerosing 
mast cell tumors, due to the presence of low 
numbers of well-differentiated, perivascular mast 
cells admixed with numerous eosinophils.6 
 
Contributing Institution: 
University of Sydney 

Ileum, cat. The sclerosing pyogranulomas are composed of dense anastomosing bands of mature collagen measuring up to 100um 
in diameter. More centrally (left) bands are separated by loosely arranged macrophages, neutrophils and fewer lymphocytes. 
Centrifugally (center and right), the inflammatory infiltrate is progressively replaced by myofibroblasts, which outside the areas 
of necrosis – form dense streams and bundles, infiltrating and effacing skeletal muscle. (HE, 83X) 



https://sydney.edu.au/science/schools/sydney-
school-of-veterinary-science/veterinary-science-
services.html 
 
JPC diagnosis: 
Ileum: Enteritis, pyogranulomatous and 
eosinophilic, moderate, chronic, multifocal to 
coalescing, with sclerosing fibroplasia and 
colonies of cocci. 
 
JPC comment: 
The contributor provides a thorough summary of 
this infrequent disease in cats. As the contributor 
notes, many cases have been potentially 
associated with bacteria or fungi, but their role in 
the development of this disease remains 
unknown. This disease has a variety of 
presentations, including a recent case of FGESF 
confined to the mesentery in a mixed breed cat. 
The mesenteric nodules were not resectable, but 
the cat responded to a combination of 
prednisolone and ciclosporin A. At the time of the 
report, remission of disease had been achieved, 
with peripheral eosinophilic resolved, at 689 days 
post diagnosis. While the pathogenesis is 
shrouded in mystery, immunomodulatory 
treatments appear to be efficacious.7 
 
While the mesenteric case of FGESF stands 
alone, a second recently reported case shares a 
feature that is not typically described: cavitation. 
A mural lesion located in the proximal duodenum 
and incorporating the left limb of the pancreas 
was multilobulated, with pockets of pale colored 
semi-liquid material that was gritty and contained 
some solid concretions, consistent with an 
abscess.3 
 
In human literature, and to a lesser degree 
veterinary literature, describe IgG4-related 
diseases, with a specific subset of sclerosing 
diseases. The topic was briefly discussed in 
Conference 3 this year in regard to sclerosing 
angiomatoid nodular transformation (SANT) of 
the spleen. IgG4 is the least common of the four 
IgG subtypes, does not activate complement, and 
is a Th2-dependent isotype. IgG4 may also act as 
a protective, blocking antibody in allergen 
induced IgE-mediated effector cell activation in 
parasitic infections. A common presentation in 
human literature includes a mass lesion in the 

pancreas, with prominent lymphoplasmacytic 
inflammation, and abundant fibrosis. These cases 
usually have elevated serum IgG4 levels, with 
resulting lesions sometimes causing obstructive 
jaundice. Similar to feline FGESF, this human 
disease responds well to steroid therapy.1 Cats 
with FGESF may have elevated IgG4 levels, but 
that parameter has not been reported. This may 
represent an avenue for additional research. 
 
The moderator emphasized that the most 
common differentials for a gastrointestinal mural 
mass would include this entity, FGESF, as well 
as feline intestinal sclerosing mast cell tumor, 
gastrointestinal carcinoma, sarcomas, and 
lymphomas. Within the set of gastrointestinal 
lymphomas, the most common subtypes in cats 
include enteropathy-associated T-cell lymphoma 
(EATL) type I and II, diffuse large B-cell 
lymphoma (DLBCL), and large granular 
lymphocyte lymphoma (LGL). 
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CASE 2: 19F156892 (JPC 4155173-00) 
 
Signalment: 
14-year-old female spayed domestic short haired 
cat (Felis catus) 
 
History: 
The patient presented with complaints of 
progressive paralysis in the hind limbs and 
draining skin lesions of the hind feet and face. 
The patient had been examined and treated 
unsuccessfully by veterinarians at three other 
clinics over the last several months. The patient 
was an indoor-only cat, was current on 
vaccinations, was fed a commercial dry cat food, 
and had moved with her owners to Wyoming 
from North Carolina. 
 
On physical exam, the patient was thin (3.08 kg) 
and somewhat depressed but responsive to 
handling. She was unable to stand on her hind 
limbs and preferred to rest on her elbows and 

forearms rather than stand on her front feet. She 
was afebrile (temp = 100.3 F). Withdrawal and 
deep pain reflexes were present in both hind legs, 
but her tail had reduced sensation and her bladder 
was large and easily expressed. Anal tone was 
judged to be somewhat reduced. Anisocoria (L > 
R) was noted. Very firm, nodular swellings of all 
the digits of the hind feet were present, and the 
ends of several of the toes were deeply ulcerated 
and matted with blood and purulent-type 
discharge. Similar, less dramatic nodular ulcers 
were present in the front feet and also involved 
the right upper lip. Additionally, hard, bony 
masses could be palpated on the left 5th rib and 
the distal right antebrachium and metatarsal 
regions. Increased bronchovesicular pulmonary 
sounds were ausculted diffusely but were 
particularly prominent in the right cranial and 
dorsocaudal quadrants. The initial differential 
diagnostic list included pulmonary hypertrophic 
osteopathy, metastatic neoplasia, and systemic 
mycotic disease (including sporotrichosis). 
 
Gross Pathology: 
A 14-year-old female spayed domestic short 
haired cat weighing 3.08 kg was presented for 
necropsy in excellent postmortem condition with 
minimal autolysis. The cat was in thin body 
condition with mildly reduced stores of visceral 
and subcutaneous adipose tissue. On external 
exam, there was an open wound with a fistulous 
draining tract in the skin overlying the right 
maxillary canine, extending upward to the lateral 
aspect of the right nostril. The wound was 
characterized by a peripheral rim of chronic 
hemorrhage with a central tract extending 

Digit cat. The digit is expanded up to 5 x normal and the 
adjacent digit is swollen as well. (Photo courtesy of 
University of Wyoming/Wyoming State Veterinary 
Laboratory http://www.uwyo.edu/vetsci/) 



through the subcutis and the underlying 
musculature. There was loss of the underlying 
maxillary bone and rostrum, with dark 
discoloration and loosening of the right maxillary 
canine in the alveolar socket. The distal aspects 
of multiple digits on both hindlimbs had similar 
external wounds with surface ulceration and deep 
penetrating tracts. The front limbs had less severe 
ulcerations on the digital surfaces at the junction 
of the haired skin and the paw pad. Open lesions 
oozed serous fluid and/or small amounts of 
purulent exudate. The phalanges were expanded 
up to 10 times the normal diameter by irregular, 
circumferential bony proliferations. Additionally, 
there was similar bony expansion of the right 
metatarsal bones and the left tibial metaphysis. 
The mid-bodies of ribs 5 through 7 on the left side 
of the thorax were focally disrupted by a circular 
bony lesion with central cavitation.  
 
The thorax contained approximately 10mL of 
serosanguineous free fluid. All lung lobes were 
multifocally disrupted by discrete to coalescing 
nodules that were pale tan to white, solid to cystic 
or cavitated, and occasionally oozed purulent to 
mucinous material on cut section. Approximately 
60% of the lung parenchyma was affected, and 
nodules ranged in size from ~3mm to 3cm. Small 
nodules on the pleural surface had an umbilicated 
appearance with central depressions and 
peripheral rims of white discoloration. There was 
emphysematous change at the borders of the lung 
lobes. The tracheobronchial lymph nodes were 

expanded up to 20 times normal and were 
completely effaced by similar solid to cystic 
nodules.  
 
Bilaterally, the kidneys had multifocal, 
irregularly shaped pitted depressions on capsular 
surface that extended deep into the cortical 
parenchyma (consistent with chronic infarcts). 
The liver was diffusely congested and moderately 
firm. The stomach and small intestines were 
empty. The distal colon was moderately dilated 
and contained a large amount of formed feces.  
 
Laboratory results: 
 
Chemistry Panel 

Test Result Normal 
Range  

High or Low 
Units 

Total Protein  9.5 5.7 - 8.0  >range g/dl 

Albumin 4.7 2.4 - 3.8  >range g/dl 

Globulin 4.8 2.4 - 4.7  >range g/dl 

A/G Ratio 1 0.6 - 1.1  in range 

ALP 21 12.0 - 65.0  in range U/l 

ALT (SGPT) 20 8.3 - 53.0  in range U/l 
Bilirubin, 
total 4.4 0.1 - 0.5  >range mg/dl 

Glucose 120 61 - 124  in range mg/dl 

Cholesterol 160 71.0 - 
161.0  in range mg/dl 

Amylase 322 371 - 
1193.0  <range U/l 

Lipase < 10 0.0 – 76 in range U/l 

Creatinine 0.5 0.5 - 1.9  in range mg/dl 

BUN 15.4 15.0 - 31.1  in range mg/dl 

Sodium > 250 146.0 - 
159.0  >range meq/l 

Chloride > 175 108.0 - 
130.0  >range meq/l 

Potassium 2.5 3.8 - 5.3  <range meq/l 

Calcium 7.5 7.9 - 10.9  <range 

Phos 5.5 4.0 - 7.3  in range mg/dl 

TCO2 33.1 16.0 - 22  >range 

Anion Gap **** 7 - 17   
Hemolysis Moderate   
   

 
 
 

Digit cat. All lung lobes contain nodules of pale neoplastic 
tissue which when sectioned, oozed a mucinous fluid. (Photo 
courtesy of University of Wyoming/Wyoming State 
Veterinary Laboratory http://www.uwyo.edu/vetsci/) 



CBC 

Test 
Result 

Normal 
Range  

High or Low 
Units 

WBC Count, 
Manual 3.6 

5.5 - 19.5  <range /microliter 

Bands 6 0 - 3  >range % 

Neutrophils 75 35 - 75  in range % 

Lymphocytes 14 20 - 55  <range % 

Monocytes 4 1 – 4 in range % 

Eosinophils 1 2 - 12 <range % 

Basophils 0 0 - 0.5  in range % 

Platelets 109 300 - 700  <range x10e3/ul 
Mild Platelet 
Clumping       
RBC Count 4.93 5.0 - 10.0 <range x10e6/ul 

PCV 18.7 30.0 - 45.0  <range % 

Hemoglobin 5.8 8.0 - 15.0  <range g/dl 

MCV 37.8 39.0 - 55.0  <range fl 

MCHC 31.0 30.0 - 36.0  in range g/dl 

MCH 11.7 13.0 - 17.0  <range pg 

RDW 19.7 14.0 - 19.0  >range %. 
 
Microscopic description: 
Distal phalanx: Decalcified sections of the distal 
phalanx are characterized by marked expansion 
and effacement of the soft tissue and extensive 
infiltration and of periosteum and bone by a 
poorly demarcated, moderately cellular neoplasm 
comprised of respiratory epithelial cells arranged 
in variably ectatic glandular structures supported 
and subdivided by a dense desmoplastic stroma. 
Neoplastic cells are columnar to cuboidal with 
variably discernible cilia that line the apical 
surface. Cells have distinct cell borders, moderate 

amounts of eosinophilic cytoplasm, and round to 
oval, basilar nuclei with finely stippled chromatin 
and one prominent nucleolus. There is marked 
anisocytosis and anisokaryosis. The mitotic count 
is 13 per 10 high powered fields, 400x. There are 
many large, discrete to coalescing cystic 
structures containing central lakes of eosinophilic 
secretory material admixed with pyknotic to 
karyorrhectic debris and lined by a single layer of 
neoplastic respiratory epithelium. Some cystic 
structures contain aggregates of degenerate 
neutrophils. The neoplasm effaces the periosteum 
and cortical bone and infiltrates the medullary 
cavity. Spicules of partially necrotic bone are 
frequently lined by the previously described 
neoplastic cells and/or less frequently lined by 
few multinucleated osteoclasts. Within the 
desmoplastic stroma of the neoplasm, there are 
moderate numbers of neutrophils, macrophages, 
and occasional loose aggregates of lymphocytes 
and plasma cells. The neoplasm markedly 
expands the subcutis and deep dermis and 
extends to the superficial dermis multifocally. 
 
Contributor’s morphologic diagnosis: 
Bone, distal phalanx: Metastatic bronchogenic 
adenocarcinoma.  
 
Contributor’s comment: 
Feline lung-digit syndrome (FLDS) was 
originally described by Moore and Middleton 
from a series of three cases in 1982.9 The main 
feature was postmortem detection of a primary 
pulmonary adenocarcinoma, in the face of non-
respiratory signs (e.g., dyspnea, coughing, etc). 

Digit, cat. A sagittal section of the digit with the second 
phalanx is presented for examination. The third phalanx is 
not present in this section. The phalanx and soft tissues 
ventral and proximal to it are expanded and effaced by a 
neoplasm which in areas makes large cystic glands. (HE, 5X) 

Digit, cat. Higher magnification of the infiltration of the 
second phalanx with neoplastic cells and abundant fibrous 
tissue replacing marrow spaces, resorption of medullary 
bone with formation of thin trabeculae of woven bone, and 
resorption of lamellar bone on the ventral aspect with 
formation of small amounts of periosteal woven bone. (HE, 
24X) 



Two presented with pain and swelling of distal 
extremities and eventually developed respiratory 
signs in the following weeks. The third case had 
non-specific clinical findings (hyporexia and 
weight loss) and was euthanized the following 
week due to deteriorating quality of life. The two 
cases with soft tissue swelling were diagnosed as 
metastatic adenocarcinoma following 
antemortem biopsy. A retrospective study of 36 
additional cats coined the moniker FLDS in 
2000.7 All cats presented with metastatic digital 
carcinoma; again, none had respiratory signs.  
 
While FLDS is classically acknowledged 
clinically by metastases to extremities, variations 
exist. Digits are the most common site, but 
metastases have been documented in skeletal 
muscle, bone, eye, and skin.5,12 The predilection 
for digit metastasis may be related to the 
angioinvasive behavior of the neoplasm, and the 
highly vascular nature of feline digits, which 
helps to dissipate heat.5,9 Tumor emboli may 
mimic aortic thromboembolism (ATE) that is 
usually attributed to primary cardiac disease. 
Retrospective studies of 127 cases of ATE 
identified neoplasia as the cause of 6% of ATE, 
representing the second most common cause in 
cats.8 Ischemia and necrosis of the distal limbs 
may also manifest as a result of thromboemboli.11 
Ultimately, the size of thromboemboli dictates 
where they might settle and the pathophysiology. 
 
Diagnosis is most easily accomplished through 
biopsy or fine needle aspirate of superficial 
masses and thoracic radiographs depending on 
the size of the tumor. The primary tumor often 
escapes detection due to absence of respiratory 
signs. More modern imaging technique such as 
computed tomography may be more sensitive in 

detecting the primary tumor.12 FLDS is difficult 
to treat; chemotherapy is not often pursued, as 
efficacy has not been well documented.12 
Amputation of affected digits or limbs, while 
performed, is rarely palliative.7,10 Increased CK 
may be useful as a marker of metastases to 
skeletal muscle. Prognosis is poor to grave, even 
with pulmonary lobectomy. Mean survival time 
from initial presentation is 34-58 days.7,13 No 
breed or sex predilection has been identified.7  
 
In general, primary pulmonary tumors are rare in 
cats. Of these, adenocarcinoma is most common. 
Eighty-eight percent of carcinomas in digits are 
the result of metastases from primary pulmonary 
carcinomas, although squamous cell carcinomas 
contribute to a fraction of these cases.13 Lameness 
is often a common presenting complaint, and 
lysis of the third phalanx should provide a high 
index of suspicion;12 however, other differentials 
should be considered including bacterial and 
fungal osteomyelitis. One in eight feline nail and 
nail bed disorders are neoplastic.5 Given that 
other etiologies have better prognoses and 
generally response to amputation (i.e., 
bacterial/fungal osteomyelitis) or have a higher 
mean survival time (i.e., squamous cell 
carcinoma – 207 days), it is advisable to diagnose 
or rule out primary pulmonary carcinoma as a 
cause of clinical signs before pursuing surgery.7,13 
 
Contributing Institution: 
University of Wyoming/Wyoming State 
Veterinary Laboratory 
http://www.uwyo.edu/vetsci/ 
 
JPC diagnosis: 
Digit: Metastatic pulmonary carcinoma. 
 

Digit, cat. The carcinoma infiltrates the soft tissue proximal 
and ventral to the 2nd phalanx, forming nests, cords, and 
ultimately pluristratified tubules of various sizes. (HE, 150X) 

Digit, cat. Neoplastic cells lining tubules occasionally 
demonstrate cilia (arrows). (HE, 300X) 



JPC comment: 
When feline lung digit syndrome (FLDS) occurs, 
one of the most common sites of metastasis is to 
the dermis on the dorsum of the distal phalanx 
and under the footpad epidermis.2  
 
An important differential to consider is eccrine 
gland carcinoma.6 Eccrine adenomas and 
adenocarcinomas have been documents in dogs, 
while eccrine tumors are usually malignant in 
cats.4 While a common disease in humans, 
eccrine glands are confined to the footpads of 
dogs and cats, and this is the only site at which 
eccrine neoplasia occurs. Importantly, eccrine 
and pulmonary tumors have different 
immunohistochemical profiles. Thyroid 
transcription factor 1 (TTF-1) is expressed by 
primary pulmonary carcinoma/adenocarcinoma, 
in addition to napsin A and keratin 7.3 
Approximately 50% of eccrine carcinomas 
express S100, and about 25% of eccrine and 
apocrine tumors cells express p63 and has not 
been documented in metastatic adenocarcinomas 
in the skin.3 
 
Human primary tumors often metastasize but are 
likely under reported. Approximately 20-70% of 
patients who died of their malignant disease had 
histologic evidence of osseous metastasis at 
autopsy, but only 2% have metastatic lesions to 
the foot. These lesions are reported to be CK7 and 
CDX2 (caudal type homeobox transcription 
factor 2) immunopositive, consistent with 
bronchogenic adenocarcinoma.1 
 
The moderator led a discussion about the most 
common differentials for digital lesions in dogs 
and cats. In dogs, the most common include 
subungual melanoma, subungual squamous cell 
carcinoma, subungual keratoacanthoma, eccrine 
carcinoma, soft tissue sarcoma, mast cell tumor, 
trauma/infection, and lupoid onychodystrophy.14 
In the cat, the most common digital lesions 
include lung-digit syndrome, squamous cell 
carcinoma, various sarcomas, plasma cell 
pododermatitis, and arteriovenous fistula.15 
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CASE 3: 17-0359 (JPC 4136401-00) 
 
Signalment: 
10-year-old, female spayed, domestic longhair 
cat, Felis catus, feline 
 
History: 
Presented for a 5-day history of anorexia and 
lethargy, with two episodes of vomiting 2 days 
prior to presentation. The cat was not drinking for 

several days and was reported to be previously 
healthy.  
 
Gross Pathology: 
The body was received in good postmortem and 
fair nutritional condition, with mild diffuse 
muscle atrophy. The skin, subcutaneous tissues, 
mucous membranes, and sclera were severely 
diffusely discolored yellow.  
 
The liver was markedly enlarged (475g; 13.5% of 
body weight), firm, and mottled red-brown to 
white-tan with a slightly enhanced reticular 
pattern. There were too numerous to count 
irregular pinpoint to 0.2 cm grey depressions that 
occasionally contained trace amounts of 
serosanguineous fluid. On cut section, there were 
multifocal targetoid tan lesions with brown 
centers ranging from 0.2 to 0.6 cm diameter, 
almost completely effacing normal parenchyma. 
 
The remainder of the gross examination was 
unremarkable. 
 
Laboratory results: 
None provided. 
 
Microscopic description: 
Liver: The normal liver architecture is 
approximately 80-90% replaced and effaced by 
an unencapsulated and infiltrative neoplasm 
composed of polygonal cells arranged in nests, 
packets, and cords, supported by a fine 
fibrovascular stroma. The neoplastic cells display 

Liver, cat. Liver in situ. There is mild hepatomegaly and the 
liver has an enhanced reticular pattern, and numerous 
pinpoint depression throughout the organ. (Photo courtesy 
of University of Wyoming/Wyoming State Veterinary 
Laboratory http://www.uwyo.edu/vetsci/) 

Liver, cat. On close inspection, multiple nodules are present 
within each lobe, and there are numerous foci of necrosis 
resulting in focal depressions on the liver surface. (Photo 
courtesy of University of Wyoming/Wyoming State 
Veterinary Laboratory http://www.uwyo.edu/vetsci/) 



occasional attempts at tubule formation and 
rosettes. Cell borders are distinct, and there is a 
moderate amount of eosinophilic to finely 
granular cytoplasm, round to oval often basilar 
nuclei with finely stippled chromatin and 
generally one prominent nucleolus. Mitoses are 
rare at less than 1 per single 400x field. There are 
small, scattered areas of necrosis and 
hemorrhage. Remaining small islands of 
hepatocytes are markedly compressed by the 
neoplasm and contain single large cytoplasmic 
lipid vacuoles which often peripheralize the 
nucleus (lipidosis).  
 
No sites of metastasis were identified.  
 
Contributor’s morphologic diagnosis: 
Hepatic neuroendocrine carcinoma with severe 
hepatic lipidosis, domestic longhair, feline. 
 
Contributor’s comment: 
Neuroendocrine carcinomas (formerly 
“carcinoids”) are malignant neoplasms that arise 
from the dispersed neuroendocrine system cells. 
These cells arise from the endoderm during 
embryogenesis. Neuroendocrine cells belong to a 
group of cells which secrete both peptide and 
non-peptide hormones (previously referred to as 
the amine precursor uptake and decarboxylation 

(APUD)) group. These cells are important in 
regulation of gastrointestinal function, and their 
products include catecholamines and gastrin.  
 
Gastrin-producing tumors lead to gastric 
hypersecretion and gastric or duodenal 
ulceration, known as Zollinger-Ellison 
syndrome.11,14 Ulcers have been documented in 
some cats with neuroendocrine carcinoma with 
hepatic or extrahepatic neuroendocrine 
carcinoma15, but were not observed in this case. 
A recent report describes gastrin 
immunohistochemical positivity in a feline 
hepatic neuroendocrine carcinoma.7 Gastrin 
secretion by neuroendocrine tumors is well-
documented in domestic species.3,11,14,15 An 
analogous syndrome in humans, carcinoid 
syndrome, is characterized by flushing, sweating, 
diarrhea, vomiting, abdominal pain, and heart 
failure, but this syndrome has not been 
documented in domestic animals to our 
knowledge.8  
 
Common primary locations for these tumors in 
cats and dogs include the gastrointestinal tract, 
gallbladder, and liver. While they are overall rare 
in domestic animals, primary hepatic 
neuroendocrine carcinomas in cats are 
documented in only a few reported cases.4,5,7,15 

Liver, cat. Subgross magnification of the submitted section of liver shows an infiltrative, multilobular neoplasm effacing 90% of 
the hepatic parenchyma. (HE, 5X)  



The present case represents the most common, 
though non-specific, clinical signs on 
presentation of cats with hepatobiliary 
neuroendocrine carcinoma (anorexia, weight 
loss, vomiting, and hepatomegaly). Most cases 
reported are mature to senior on presentation, and 
breeds reported have been variable. 
Neuroendocrine tumors have also been reported 
in an African pygmy hedgehog, cow, and 
others9,12 and a primary hepatic neuroendocrine 
carcinoma was recently reported in a baboon.1  
 

These tumors typically stain positively with 
neuron-specific enolase (NSE) and 
synaptophysin, with variably positivity for 
chromogranin A.7,15 A recent report describes 
gastrin positivity in a feline hepatic 
neuroendocrine carcinoma7, further highlighting 
the potential for Zollinger-Ellison syndrome 
occurring secondary to tumors outside the 
gastrointestinal tract.3,11,14,15 Other useful markers 
include Churukian-Schenk and Grimelius silver 
stains to highlight argyrophilic cytoplasmic 
granules.11 Immunohistochemistry was not 

performed in this case; 
however, the 

histomorphologic 
features were 
considered sufficient 
for the diagnosis. An 
important differential 
diagnosis in this case 
was cholangiocellular 
carcinoma, but the 
frequently observed 
rosettes and palisading 
helped to rule out this 
differential. 
 
 

Liver, cat. The neoplasm is composed of neoplastic polygonal cells with granular basophilic cytoplasm arranged in nest packets 
and trabeculae on a fine fibrovascular stroma. (HE, 380X) 

Liver, cat. Remaining hepatocytes are swollen by abundant lipid to the point that sinusoidal 
architecture is effaced. (HE, 380X) 



Contributing Institution: 
University of Pennsylvania 
https://www.vet.upenn.edu/ 
 
JPC diagnosis: 
Liver: Neuroendocrine carcinoma (carcinoid 
acceptable). 
 
JPC comment: 
The moderator led a discussion about 
nomenclature regarding this entity. In the past, 
"carcinoid" was used to mean a neoplasm of 
neuroendocrine origin. However, there is value in 
being able to convey to a clinician the most likely 
biologic behavior of the neoplasm. "Carcinoma" 
is a familiar term for clinicians and conveys a 
great deal of meaning regarding a diagnosis of 
malignancy. In this case, the histologic features 
support a diagnosis of neuroendocrine 
"carcinoma" and we are confident in sharing that 
diagnosis with the surgeon or internist. 
 
Neuroendocrine carcinoma is diagnosed 
infrequently in many species, primarily in the 
intestine, liver, lung, esophagus, skin, and nasal 
cavity. Neuroendocrine carcinomas have recently 
been described in sika deer16, flamingos2, a 
Japanese macaque6, and bearded dragons.9 
 
Neoplasia is rarely reported in bearded dragons 
(Pogona vitticeps), but a recent case of gastric 
neuroendocrine carcinoma presented with similar 
clinical signs as mammalian neuroendocrine 
carcinomas. This neoplasm was poorly 
differentiated and was not immunoreactive to 

chromogranin A, nor gastrin; however, it was 
immunoreactive for somatostatin, and weakly 
immunoreactive for NSE.9 
 
Unfortunately, there is no standard of care for 
treatment of these neoplasms. These are often 
invasive carcinomas, with diffuse infiltration, 
with limited ability for complete excision. A case 
of canine hepatic neuroendocrine carcinoma was 
treated with doxorubicin and metronomic 
cyclophosphamide treatment, which was 
tolerated well. The patient lived approximately 
15.5 months from initial presentation. However, 
because these neoplasms are rare, and treatment 
is not standardized, it is not possible to determine 
whether the chemotherapy regimen increased this 
patient's survival time.13 
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CASE 4: B20-121 (JPC 4152719-00) 
 
Signalment: 
12-year old, neutered, unknown sex, domestic 
shorthair, Felis catus, cat 
 
History: 
The cat had a tan mass in the lateroventral aspect 
of the left eye. Fibrin and hemorrhage were 
reported in the anterior chamber. 
 
 

Eye, dog. There is a firm tan mass along the posterior 
surface of the iris, and a focally extensive area of 
hemorrhage within the posterior chamber. (Photo courtesy 
of: University of Tennessee, College of Veterinary Medicine, 
Department of Biomedical and Diagnostic Sciences 
http://www.vet.utk.edu/departments/path/index.php) 



 
Gross Pathology: 
There is a firm tan mass along the posterior 
surface of the iris. There is red gelatinous material 
(hemorrhage) in the adjacent vitreous. A small 
amount of tan material (fibrin) with red flecks 
(hemorrhage) is in the anterior chamber. 
 
Laboratory results: 
None. 
 
Microscopic description: 
Expanding one side of the iris and ciliary body 
and compressing the iridociliary angle is a well-
demarcated mass composed primarily of 
polygonal cells arranged in nests. The neoplastic 
cells have moderate amounts of eosinophilic 
cytoplasm. Nuclei have finely stippled chromatin 
and indistinct nucleoli. There are 45 mitotic 
figures in ten 400x fields. In some areas the cells 
are more spindleoid. In some sections, there are 
cystic areas within the mass. A periodic acid 
Schiff (PAS) stain highlights prominent 
basement membranes around the nest of 
neoplastic cells. The neoplastic cells are not 
immunoreactive to MelanA. In some areas the 
neoplastic cells are weakly immunoreactive to 
broad spectrum cytokeratin MNF116 or to 
vimentin. The associated iris leaflet is covered in 

a pre-iridal fibrovascular membrane. There are 
aggregates of lymphocytes in the iris stroma and 
ciliary body. There are varying amounts of fibrin 
and hemorrhage in the anterior chamber, 
posterior chamber and vitreous chamber. There is 
mild peripheral corneal vascularization. The lens 
is artifactually absent. The retina is multifocally 
artifactually detached. 
 
Contributor’s morphologic diagnosis: 
Iridociliary adenoma 
 
Contributor’s comment: 
Iridociliary tumors are uncommon in cats, and as 
in this case, occur primarily in older animals.3 In 
dogs and cats, iridociliary tumors are most 
typically benign,9 with adenocarcinomas being 
rarely reported. 
 
Compared to canine iridociliary tumors, which 
usually have easily recognizable cords of 
polygonal epithelial cells, the neoplastic cells in 
feline iridociliary tumors tend to form solid 
sheets. In some tumors, cystic areas may be 
common.  
 
The presence of basement membrane around the 
cells, which as in this case, can be highlighted 
with a PAS stain3,9 is helpful in refining the 
diagnosis and ruling out metastatic carcinomas.9 

Eye, dog. A sagittal section of the globe, lacking lens and 
optic nerve is submitted for examination. (Photo courtesy 
of: University of Tennessee, College of Veterinary Medicine, 
Department of Biomedical and Diagnostic Sciences 
http://www.vet.utk.edu/departments/path/index.php) 

Eye, dog. Higher magnification of the neoplasm 
demonstrating effacement of the iris and pigment from the 
ciliary body at the posterior edge of the neoplasm. (Photo 
courtesy of: University of Tennessee, College of Veterinary 
Medicine, Department of Biomedical and Diagnostic 
Sciences 
http://www.vet.utk.edu/departments/path/index.php) 
(HE, 40X) 



 

Iridociliary epithelium is derived from 
neuroectoderm and therefore is typically 
immunoreactive to the mesenchymal cell marker 
vimentin,3,9 and variably immunoreactive to the 
epithelial marker cytokeratin.3 Immunoreactivity 
of neoplastic epithelial cells to vimentin may be 
useful in differentiating iridociliary tumors from 
metastatic carcinomas, which otherwise would 
not be expected to express the vimentin. 
However, more aggressive iridociliary adenomas 
may express cytokeratin and or TERT 
(telomerase reverse transcriptase).3 Additionally, 
the neoplastic cells are usually immunoreactive to 
neuron specific enolase (NSE)3,9 and variably 
immunoreactive to S-100.3 
 
Contributing Institution: 
University of Tennessee, College of Veterinary 
Medicine, Department of Biomedical and 
Diagnostic Sciences 
http://www.vet.utk.edu/departments/path/index.
php 
 
JPC diagnosis: 
Globe: Iridociliary adenoma. 
 
 
 

 
 
JPC comment: 
The moderator discussed a list of possible 
differentials with conference participants. Along 
with iridociliary adenoma/adenocarcinoma, 
melanoma, post-traumatic sarcoma, severe 
uveitis, and lymphoma should be considered. 
Ocular lymphomas were previously presumed to 
only manifest when an extension of systemic 
disease. However, more recently, an examination 
of cases of ocular lymphoma may support a 
subset of cases that are currently called 
"presumed solitary ocular lymphoma", or PSOL. 
These patients did not experience progression of 
lymphoma following enucleation, and the 
lymphoma phenotype was not associated with 
survival.4,8 
 
Iridociliary adenomas in the dog and cat, while 
uncommon, are the second most common 
primary intraocular tumor. Because these 
neoplasms are often associated with the 
formation of a pre-iridal fibrovascular membrane, 
aqueous outflow obstruction often results in 
glaucoma. In addition to PAS, vimentin, S100, 
NSE, and cytokeratin, alcian blue stain may 
provide additional evidence of epithelial 
differentiation. These neoplastic cells produce 

Eye, dog. The iris and ciliary body are infiltrated and effaced. 
There is effacement of the drainage angle and hemorrhage 
in the posterior chamber. The peripheral retina is detached, 
and there is hypertrophy of the underlying pigmented 
retinal epithelium. (Photo courtesy of: University of 
Tennessee, College of Veterinary Medicine, Department of 
Biomedical and Diagnostic Sciences 
http://www.vet.utk.edu/departments/path/index.php) (HE 
60X) 

Eye, dog. Polygonal cells are arranged in nests on a fine 
fibrovascular stroma and exhibit moderate anisocytosis and 
anisokaryosis, and several mitotic figures are present in this 
field. (Photo courtesy of: University of Tennessee, College of 
Veterinary Medicine, Department of Biomedical and 
Diagnostic Sciences 
http://www.vet.utk.edu/departments/path/index.php) 
(HE, 400X) 



hyaluronic acid, which stains blue with alcian 
blue, and resists digestion with hyaluronidase.2 
 
Analysis of a small sample of canine iridociliary 
epithelial tumors indicated that surgical excision 
is difficult, with about half of the patients having 
recurrence. There are currently no widely 
accepted treatment guidelines for anterior 
neoplasms in veterinary species. While human 
medicine currently favors conservative treatment 
and globe preservation, the most common 
treatment for animals is usually enucleation. 
Determining optimal treatments for veterinary 
species is limited by the rarity of these cases, 
limited access to skilled veterinary 
ophthalmologists, and lack of case follow-up.1 
 
There have been a number of reports of 
iridociliary epithelial tumors in animals other 
than humans, dogs, and cats. A pleomorphic 
iridociliary adenocarcinoma was recently 
reported in a chinchilla (Chinchilla lanigera). 
This animal also had metastasis to its cervical 
lymph node.7 A series of four cases of iridociliary 
neoplasms in rabbits (Oryctolagus cuniculus) 
determined that, while uncommon, this species 
experiences both iridociliary adenomas and 
carcinomas.5 Iridociliary adenoma has also been 
documented in a Congo African Grey parrot 
(Psittacus erithacus).6 
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Eye, dog. A periodic acid-Schiff stain demonstrates the well-
developed basement membranes surrounding neoplastic 
cells, which is characteristic of this neoplasm. (Photo 
courtesy of: University of Tennessee, College of Veterinary 
Medicine, Department of Biomedical and Diagnostic 
Sciences 
http://www.vet.utk.edu/departments/path/index.php) 
(PAS, 400X) 

Eye dog. A periodic acid-Schiff stain (with green 
counterstain) demonstrates the well-developed basement 
membranes surrounding neoplastic cells, which is 
characteristic of this neoplasm. (Photo courtesy of: 
University of Tennessee, College of Veterinary Medicine, 
Department of Biomedical and Diagnostic Sciences 
http://www.vet.utk.edu/departments/path/index.php) 
(PAS, 400X) 
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1. The large spindle cells seen in feline gastrointestinal eosinophilic  sclerosing fibroplasia are most 
likely ? 

a. Endothelial cells 
b. Fibroblasts 
c. Myofibroblasts 
d. Smooth muscle cells 

 
2.  What percentage of digital metastases in the cat are pulmonary adenocarcinoma? 

a. 50% 
b. 67% 
c. 88% 
d. 98% 

3. Which of the following may be secreted by neuroendocrine tumors? 
a. Parathyroid hormone 
b. Insulin-like growth factor 
c. Calcitonin 
d. Gastrin 

 
4. Which of the following histochemical stains may be useful in identifying neuroendocrine 

carcinomas ? 
a. Verhoeff-van Giesen 
b. Sirius red 
c. Churukian Schenk 
d. Giemsa 

 
5. Which of the following stains is helpful in ruling out metastastic carcinoma in cases of iridociliary 

adenoma ? 
A. PAS 
B. NSE 
C.  Grimelius 
D. Masson’s Trichrome 

 

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 2020-2021 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 1: RUSVM CASE 1 (JPC 4085383-00) 
 
Signalment: 
8 years, spayed female, mixed, Canis familiaris, 
Canine 
 
History: 
Accidentally run over by owner, presented with 
multiple trauma, euthanized due to poor 
prognosis. 
 
Gross Pathology: 
Upon internal examination numerous arteries 
were prominent, irregularly thickened, tortuous, 
white-yellowish and hard to cut with a gritty 
consistency (mineralization). Most notably 
involved were the coronary, dorsal vertebral, 
gastric, carotid, as well as renal arteries. The 
descending aorta had similar changes. Some 
smaller size arteries within the kidneys were also 
affected. Interestingly, the arteries in the brain 
presented no gross or microscopic lesions. 
Marked bilateral symmetrical atrophy of the 
thyroid glands was observed. 
 
Laboratory results: 
N/A 
 
Microscopic description: 
The tunica media and intima of most of the 
medium and large size renal arteries were 
irregularly infiltrated and expanded by a 

combination of fibrosis, acicular cholesterol cleft 
depositions, mineralization and inflammatory 
cell infiltration mainly by macrophages, 
lymphocytes and plasma cells. In some areas 
these changes were transmural and foamy lipid-
containing cells (macrophages and/or smooth 
muscle cells) were commonly observed. 
 
A large re-canalized thrombus partially occluding 
most of the lumen of a branch of the renal artery 
was observed in the right kidney (not submitted). 
The thrombus was formed of laminar areas of 
fibrin, lipids, cell debris, hemorrhage, viable and 
degenerate neutrophils, foamy macrophages, 
lymphocytes and plasma cells. 

Heart, dog: Numerous slightly raised and yellowish 
atheromatous (fibro-fatty) plaques are present along the 
wall of the coronary arteries. (Photo courtesy of: Ross 
University School of Veterinary Medicine, Department of 
Biomedical Sciences, http://veterinary.rossu.edu/) 



 

Multifocally within the cortex renal tubules 
exhibited vacuolated and often attenuated 
epithelium. Pyknotic nuclei and intratubular cell 
debris (degeneration and necrosis) were 
occasionally seen. Evidence of tubular 
regeneration (basophilic and hypertrophic tubular 
epithelium) was present in some areas. 
Multifocally within the tubular epithelium finely 
granular golden-brown intracytoplasmic pigment 
was observed; this pigment stained negative with 
Pearl’s stain and was interpreted as bile pigment. 
Microscopical evidence of chronic liver disease 
was detected in this dog (no liver section 
submitted). In addition, intracytoplasmic 
accumulations of a finely granular eosinophilic 
proteinaceous material (compatible with hyaline 
droplets) were present within proximal tubules. 
Multifocally, tubules were moderately ectatic, 
lined by attenuated epithelium, and were 
occasionally filled with varying amounts 
proteinaceous material (protein casts). 
 
The glomeruli were slightly hypercellular and 
appeared either expanded by mildly thickened 
capillary loops or had a mildly thickened 
Bowman’s capsule with hypertrophy of the 
parietal epithelium and occasional synechia 
formation. Some glomeruli had ectatic urinary 
spaces due to the presence of variable amounts of 
proteinaceous material leading to atrophy, loss or 
fibrosis of the glomerular tuft. 
 
Some degree of autolysis was also observed. 

 
Contributor’s morphologic diagnosis: 

1. Large and medium size arteries: 
atherosclerosis, diffuse, severe with 
cholesterol clefts and mineralization. 

2. Nephritis, interstitial, 
lymphoplasmacytic, chronic, mild, 
multifocal. 

3. Tubular degeneration, necrosis and 
regeneration with bile pigment and 
hyalinosis, moderate, multifocal.  

4. Membranoproliferative 
glomerulonephritis, moderate with 
occasional glomerulosclerosis and 
atrophy, multifocal. 

 
Contributor’s comment: 
Atherosclerosis has little practical importance in 
domestic animals, except as a model of the human 
disease. Animals have different susceptibility to 
atherosclerosis with rabbits, chickens, and pigs 
being more sensitive, and dogs, cats, cattle, goats, 
and rats being traditionally considered 
atheroresistant. The best large-animal models of 
human atherosclerosis are swine and nonhuman 
primates.3 
 
Of the domestic animals, the deposition of 
cholesterol and other lipids in the arteries in more 
than trace amounts occurs only in dogs and is 
almost always a consequence of 

Kidney and aorta: In this dog there is widespread 
atherosclerosis within branches of the abdominal aorta, 
including the renal arteries. (Photo courtesy of: Ross 
University School of Veterinary Medicine, Department of 
Biomedical Sciences, http://veterinary.rossu.edu/) 

Kidney, dog: Atherosclerosis of the renal arteries, mid-
sagittal section of kidney. Observe the prominent raised-
yellowish fibro-fatty plaques within the vascular wall. 
(Photo courtesy of: Ross University School of Veterinary 
Medicine, Department of Biomedical Sciences, 
http://veterinary.rossu.edu/) 



hypercholesterolemia associated with 
hypothyroidism or diabetes mellitus. Miniature 
Schnauzers are predisposed to atherosclerosis 
maybe as a result of idiopathic 
hyperlipoproteinemia.3 
 
The deposition of lipids in dogs begins in the 
middle and outer layers of the media and occurs 
more extensively in the small muscular arteries 
than in the large elastic ones. The media may be 

greatly increased in thickness by the 
accumulation of lipid, most of which is in foam 
cells, but some is present in identifiable smooth 
muscle cells of the media or free in the 
interstitium as droplets or crystals. The 
deposition of lipid in the internal layers of the 
media leads to disruption of the internal elastic 
lamina and involvement of the intima. There are 
no changes associated with the veins.3 
 
Even though gross lesions in several major 
organs such as heart, brain, or kidney can be 
impressive, clinical consequences of 
atherosclerosis are infrequent in dogs. 
Nevertheless, rupture of atheromatous plaques 
into the vascular lumen with subsequent 
thrombosis or even widespread lipid embolism 
have been observed.3 
 
There are a few differences in the morphology of 
atherosclerotic lesions between dogs and in 
humans; in dogs some degree of lipid deposition 
is observed in the intima, but the primary location 
is in the media and adventitia of atherosclerotic 
arteries, whereas in humans, lipid is present 
primarily in the intima.3 
 
Contributing Institution: 
Ross University School of Veterinary Medicine 
Department of Biomedical Sciences 
http://veterinary.rossu.edu/ 
 

Kidney, dog. Section of the heart with special stain (Oil Red 
O) to stain lipids (they appear reddish/orange), 
atherosclerosis of a mid-sized coronary artery. Abundant 
amount of lipid is present throughout the thickened vascular 
wall. Note multifocal areas of mineralization (stain purple) 
within the expanded tunica intima and tunica media. (Photo 
courtesy of: Ross University School of Veterinary Medicine, 
Department of Biomedical Sciences, 
http://veterinary.rossu.edu/) 

Kidney, dog: Cross and longitudinal sections of a peri-renal arteries with severe atherosclerosis. The elongated clear spaces within 
the wall represent cholesterol deposition (cholesterol crystals or clefts). Note partial obliteration of the vascular lumen in the artery 
cut on transverse section. (Photo courtesy of: Ross University School of Veterinary Medicine, Department of Biomedical Sciences, 
http://veterinary.rossu.edu/) 



JPC diagnosis: 
1. Kidney, renal, arcuate and sublobular 

arteries: Atherosclerosis, diffuse, severe. 
2. Kidney: Nephritis, interstitial, 

lymphoplasmacytic, diffuse, mild. 
 
JPC comment: 
While atherosclerosis typically results in fewer 
cases of overt disease in veterinary species, it is 
widespread in its reported cases. Apes, elephants, 
perissodactyls, captive and free ranging 
bottlenose dolphins, emu, penguins, captive and 
free ranging birds of prey, psittacines, finches, 
hornbills, rhamphastids, and a variety of lizard 
species.5 
 
The pathogenesis of atherosclerosis is 
multifactorial, with most research performed in 
humans. The generation of atherosclerotic 
plaques involves interaction between 
endothelium, smooth muscle cells, platelets, T 
lymphocytes, and monocytes. When low-density 
lipoprotein cholesterols are oxidized, they may 
home to and damage endothelium. Monocytes 
arrive at the site and attempt to phagocytose the 
cholesterol from the tunica intima, resulting in 
foam cells. The surplus of oxidize LDL induces 
additional metabolic changes that create a 
procoagulant environment. Platelets may 
aggregate, and form thrombi.2 
 
Using information gained from experimental 
models, it has been shown that CD4+ Th1 cells 
and natural killer T cells (NK-T) have pro-
atherogenic properties, while Treg cells are anti-
atherogenic. While the specific roles of some 
subtypes have yet to be elucidated (Th2, Th9, 
Th17, Th22, TFH, CD8+, γδ Τ cells), we know the 
microenvironment can force Treg lymphocytes to 
convert into proinflammatory subtypes Th1, Th17, 
or TFH. Recruitment of T lymphocytes to the 
atherosclerotic plaque occurs though the 
chemokines and chemokine receptors CCR5, 
CXCR3, and CXCR6. The current body of 
research suggests atherosclerosis is a chronic 
inflammatory disease with an autoimmune 
component, but further research is needed to 
identify all relevant self-antigens.4 
 
The moderator commented on the importance of 
animal models in human research of 

atherosclerosis. An ApoE-knockout mouse 
model has been used to monitor the progression 
of this disease in the hopes that the research may 
improve human outcomes. Apo-E knockout mice 
fed a high fat diet developed characteristic 
atherosclerotic lesions most suitable for 
comparison in the brachiocephalic artery, and in 
the coronary artery to a lesser extent.1 
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CASE 2: H19-107A (JPC 4141185-00) 
 
Signalment: 
A 4-year-old female entire Bengal cat 
 
History: 
The cat was submitted to the anatomic pathology 
diagnostic service after sudden unexpected death. 
 
Gross Pathology: 
The cat was in heavy body condition (4/5) and 
there was minimal post-mortem decomposition. 
Multifocal, haphazardly arranged, approximately 
1-3 mm diameter thick, firm to hard bands of 
smooth tissue were present running between the 
endocardial surfaces of the left ventricle near the 
apex (endomyocardial fibrosis). The total weight 
of the heart was 21.9 g (0.49% of total 
bodyweight, within normal limits). The left 



auricle was approximately 1.5 times the diameter 
of the right auricle (left auricular dilation). There 
was a focal, pale, irregularly shaped focus of 
myocardium measuring approximately 0.5 cm x 
0.5 cm x 0.5 cm within the apex of the left 
ventricle (myocardial necrosis, presumptive). 
Approximately 1 ml of dark, red-tinged fluid was 
present within the pericardial sac (post-mortem 
fluid accumulation vs. pericardial effusion). 
Approximately 15 ml of red-tinged fluid was 
present within the thoracic cavity (hydrothorax). 
The lungs were reduced in size, occupying 
approximately 60-70% of the thoracic cavity 
(atelectasis). The lungs were diffusely mottled, 
dark red to tan (post-mortem autolysis vs. 
atelectasis). A small amount of frothy material 
was found within the entire length of the trachea, 
and the pulmonary parenchyma oozed a small 
amount of clear, dark red tinged fluid on 
transection (pulmonary edema). 
 
Laboratory results: 
None performed. 
 
Microscopic description: 
A single section of the left ventricle and atrium 
are examined. Diffusely the endocardium of the 
left ventricle and mitral valve is moderately to 
markedly expanded by moderate amounts of 
variably dense fibrous connective tissue with 
multifocal mineralization and chondroid 
differentiation. This fibrous connective tissue 

also multifocally infiltrates into the underlying 
myocardium, occasionally surrounding and 
isolating individual and small groups of cardiac 
myocytes. Multifocally scattered throughout the 
expanded endocardium there are variably sized 
roughly circular occasionally cavitated 
formations of swirling spindle cells with 
associated collagen (recanalized blood vessels vs. 
atypical endocardial formations). Small amounts 
of pale eosinophilic fibrillar material, which 
stains bright red on M.S.B. histochemistry 
(fibrin) is present either within the walls or 
lumens of these structures (thrombosis). Low 
numbers of lymphocytes, plasma cells, 
histiocytes and occasional neutrophils are 
multifocally scattered throughout the epicardial 
adipose. 
 
Contributor’s morphologic diagnosis: 
Heart: Severe, multifocal, chronic, left 
ventricular and mitral valvular endocardial to 
subendocardial fibrosis with chondroid 
metaplasia and multifocal thrombosis 
 
Contributor’s comment: 
Histopathology is consistent with a diagnosis of 
left ventricular and mitral valvular fibrosis, also 
known as restrictive cardiomyopathy. Secondary 
changes including left atrial dilation, pulmonary 
edema, hydropericardium and hydrothorax 
indicate that the patient was in congestive heart 
failure at the time of death. There was no gross 
evidence of aortic or iliac bifurcation 
thromboembolism in this case. 
 
Following hypertrophic cardiomyopathy, 
restrictive cardiomyopathy is the second most 

Heart, cat. Multifocal, haphazardly arranged, 
approximately 1-3mm diameter thick, firm bands of smooth 
tissue were present running between the endocardial 
surfaces of the left ventricle near the apex (endomyocardial 
fibrosis) (Photo courtesy of: Department of Veterinary 
Anatomic Pathology, The Animal Hospital at Murdoch 
University, https://theanimalhospital.com.au/pathology-
services) 

Heart, cat. The endocardium of the left ventricle and root of 
the mitral valve is markedly expanded by blue-tinged fibrous 
connective tissue. The walls of epicardial arteries are blue-
tinged as well. (HE, 4X) 



common form of cardiomyopathy in cats.3 
Restrictive cardiomyopathy refers to any 
pathologic process which leads to restricted 
filling and reduced diastolic volume of one or 
both ventricles.10 Affected animals will often 
have normal left ventricular wall thickness and 
normal or minimally decreased systolic function.7 
Similar to humans, restrictive cardiomyopathy 

can be categorized either as a myocardial form (in 
which myocardial involvement predominates) or 
the more common endomyocardial form (in 
which endocardial involvement predominates).6 
The most common pathologic processes causing 
restrictive cardiomyopathy in cats include 
endomyocardial scar formation and myocardial 

Heart, cat. The fibrous connective tissue forms bands across the lumen, some of which contain polymerized fibrin (right). The 
fibrous connective tissue also infiltrates the underlying myocardium (HE, 19X) 

Heart, cat. There is chondromatous change in some areas of the fibrous connective tissue (upper left and center) as well as 
scattered siderophages within the matrix (lower center) (HE, 153X) 



fibrosis, however infiltrative processes have also 
been reported.5 
 
In left ventricular endomyocardial restrictive 
cardiomyopathy, the fibrotic scar tissue typically 
involves the left ventricular apex and outflow 
tract including both the left ventricular free wall 
and interventricular septum.8 Diffuse 
endomyocardial fibrosis, cardiomyocyte 
degeneration, infarction, and inflammation are 
less commonly described.8 Biventricular 
involvement is rare in cases of endomyocardial 
restrictive cardiomyopathy. 
 
The etiopathogenesis of feline restrictive 
cardiomyopathy remains unknown. A continuum 
between endomyocarditis and endomyocardial 
fibrosis has been proposed due to age 
relationships and common lesion distribution.4 
Whilst canine parvovirus has been associated 
with myocarditis leading to myocardial fibrosis in 
dogs, in recent publication McEndaffer et al 
(2017) demonstrated no association with feline 
panleukopenia virus and restrictive 
cardiomyopathy in cats.8 The endomyocardial 
form of restrictive cardiomyopathy in cats has 
been described in numerous breeds, however 
specific breed predispositions have not been 
reported.6 
 
Prognosis for cats with endomyocardial 
restrictive cardiomyopathy is poor with many 
affected cats dying from either congestive heart 
failure or aortic thromboembolism.6 A 
retrospective study of feline endomyocarditis and 

left ventricular endocardial fibrosis in one 
university pathology service reported these 
pathologies as the cause of death in >4% of cats 
compared to 2.3% of cats having died from 
hypertrophic cardiomyopathy and 2.2% of cats 
within the service having died from dilated 
cardiomyopathy.12 
 
Contributing Institution: 
Department of Veterinary Anatomic Pathology 
The Animal Hospital at Murdoch University 
https://theanimalhospital.com.au/pathology-
services 
 
JPC diagnosis: 
Heart, left ventricle, endocardium: Fibrosis, 
diffuse, severe with chondroid metaplasia. 
 
JPC comment: 
Feline restrictive cardiomyopathy (RCM), like 
hypertrophic cardiomyopathy (HCM), is a 
disease of diastolic dysfunction. In human 
medicine, the endomyocardial form of RCM is 
subclassified into two forms, Loeffler 
endomyocarditis, and endomyocardial fibrosis. 
Both have similar and histologically 
indistinguishable endpoints, but different 
pathogeneses. Interestingly, there is also a 
geographic distinction between these two 
processes, with the Loeffler endomyocarditis 
most common in temperate climates, and 
endomyocardial fibrosis most common in 
equatorial Africa. In Loeffler endomyocarditis, 
fibrosis is the result following release of granules 
from infiltrating eosinophils in early stages of the 
disease, and is associated with hypereosinophilia, 
thromboembolism, and arteritis. Endomyocardial 
fibrosis usually affects younger patients and is 
not associated with eosinophilia.11 
 
Research in human restrictive cardiomyopathy 
has suggested a number of different genetic 
mutations that can lead to disease. One revealed 
mutation (p.Y122H) occurs in the DES gene, a 
highly conserved coil-1 subdomain of desmin, 
and results in defective filament production by 
myocytes.1 Other implicated mutations occur in 
the MYH7, ABCC9,9 and MYL2.13 Therapies 
addressing these mutations are in active 
development. The relevance to feline RCM 
remains to be determined. 

Heart, cat. A Masson’s trichrome demonstrates the collagen 
within the endocardium. (Masson’s trichrome, 200X) 



 
RCM may be secondary to certain infiltrative 
conditions, such as amyloidosis or sarcoidosis. 
However, in the race to address SARS-CoV-2 
with medical treatments, hydroxychloroquine 
and chloroquine were suggested and touted as 
effective treatments. These two drugs were 
originally developed as anti-malarial medications 
but are now used for the treatment of rheumatoid 
arthritis and systemic lupus erythematosus. One 
noted adverse effect from these medications 
includes cardiotoxicity, and restrictive 
cardiomyopathy, dilated cardiomyopathy, and 
conduction abnormalities have been recorded. In 
these cases, presenting clinical signs may be non-
specific, so endomyocardial biopsy is the key 
diagnostic step to perform.2 
 
The conference moderator shared an 
immunohistochemical stain of the tissue, 
highlighting most of the proliferative tissue as 
smooth muscle actin positive. Conference 
participants and the moderator, in conjunction 
with an outside consultation, suggest the cells 
may be reparative cardiac myofibroblasts, and are 
hyperplastic in the face of a chronic stimulus. 
Conditions considered potentially likely included 
hypertension, or turbulence due to remodeling. 
Alternatively, this cat may have had a genetic 
connective tissue anomaly that contributed to this 
lesion. 
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CASE 3: AB968/9 (JPC 4121062-00) 
 
Signalment: 
1-month old, male, German Shepherd, Canis 
lupus familiaris, dog. 
 
History: 
This animal belongs to a litter of 12 puppies. 
Eight of them unexpectedly died with no evident 
clinical signs. The owner submitted only one of 
them for necropsy. 
 
Gross Pathology: 
The animal was in moderate body condition and 
good preservation status. Oral and ocular 
mucosae were moderately pale and there were 
multifocal areas of subcutaneous edema in the 
thoracic and abdominal regions. Mild amount of 
foam was present within the trachea and major 
bronchi. Within the thoracic cavity, there was a 
mild amount of serous fluid. White-grey, 
irregularly shaped, multifocal to coalescing areas 
were present on the epicardium, most prominent 
in the ventricles. On cut surface, many of these 
foci extended and affected the myocardium. 
Multifocal reddish areas were present on the 
mucosa of esophagus, stomach, and intestine. 
The stomach was full of digested milk. The liver 
was moderately and diffusely congested. 
 
Laboratory results: 
None. 
 
Microscopic description: 
Heart: multifocal to coalescing areas of the 
myocardium, affecting more than 50% of the 
tissue, are characterized by moderate to severe 
fiber loss. In these areas, at transverse section, 
myocytes are often atrophic showing rounding –
up, irregular size (up to less than 3-4micron), and 
loose arrangement with peripheral large empty 
spaces. Occasionally they show also sarcoplasm 
fragmentation, rare splitting and rare 
sarcoplasmic vacuolation. At longitudinal 
section, they manifest abrupt interruption and 
fragmentation of sarcoplasm (disruption of 
microfilaments). In the affected areas, within the 
space between the myocytes there is moderate 
interstitial slightly eosinophilic and fibrillar 
material (loosely arranged collagen - fibrosis) 
with minimal amorphous mildly eosinophilic 

material (proteinaceous fluid, edema) associated 
with the presence of numerous mostly 
individually disseminated lymphocytes and 
plasma cells and rare neutrophils and 
macrophages. In the affected areas, frequently to 
occasionally (depending on the section) 
intranuclear amphophilic-basophilic oval 
sometime with blunted ends inclusion bodies 
entirely filling the nucleus are present within the 
myocytes. The lymphoplasmacytic infiltrate is 
mildly and multifocally extending into the 
epicardium and endocardium. 
 
Contributor’s morphologic diagnosis: 
Heart: Myocarditis, multifocal to coalescing, 
lymphoplasmacytic, moderate to severe, with 
fiber loss, fibrosis and edema, and with 
intramyocytes intranuclear amphophilic-
basophilic viral inclusion bodies (Parvovirus 
spp.), Canis lupus familiaris, dog. 
 
Contributor’s comment: 
Canine myocarditis is associated with disastrous 
effects that lead the animal either to death or to 
permanent cardiac damage.9 Typically, 
lymphoplasmacytic myocarditis is a lesion of 
viral infections.10 Canine parvovirus (CPV) is a 
well-known cause of myocarditis in young 
puppies.5 CPV is a member of the Parvoviridae 
family, whose viruses are small (23-26 nm in 
diameter), non-enveloped, and icosahedral with 
linear single-stranded DNA, that infect rapidly 
dividing cells, such as hematopoietic precursors 
in bone marrow and the gastrointestinal crypt 
cells.2 Parvovirus-1 (CPV-1), the first subtype of 
Parvovirus affecting dogs, was identified in 1967 
as a cause of gastrointestinal and respiratory tract 
diseases in dogs.1 A few years later, in 1978, a 
new strain of this virus, Parvovirus-2 (CPV-2), 

Left ventricle, dog. A section of left ventricle is presented for 
examination. (HE, 5X) 



was discovered. After infection through fecal-
oral route, the virus replicates primarily in the 
lymphoid tissue of the oropharynx.9 The virus 
spreads hematogenously to infect epithelial cells 
present in the gastrointestinal crypts, 3-to-4 days 
after infection.5 This tropism is called 
radiomimetic.10 Because the villous basement 
membrane is exposed, villous fusion occurs, 
resulting in lack of scaffold for enterocytes 
replacement once the crypts recover. As a result, 
ulceration, permanent atrophy and, in severe 
cases, necrosis of the crypt epithelial cells cause 
an effusive and malabsorptive diarrhea that leads 
to severe dehydration and often death.9 
 
A less common consequence of parvoviral 
infection in dogs is myocarditis often associated 
with necrosis of myocytes. The myocardial cells 
are susceptible in puppies until 15 days of age, 
when they stop dividing.5 A peracute and acute 
forms of myocarditis are described. The peracute 
form affects puppies at 3 to 8 weeks of age or, in 
case of in utero infection, even younger with 
sudden death a few days after parturition. The 
acute form typically develops in puppies ³ 8 
weeks of age and causes severe dyspnea, signs of 
depression, eventually leading the animal to 
death. For both forms, myocarditis is associated 
with necrosis of myocytes. In the peracute form, 

sudden death is caused by severe necrosis, 
whereas in the acute form the affected areas are 
replaced by fibrosis. In the latter case, death is 

Left ventricle, dog. The myocardium is infiltrated by moderate numbers of lymphocytes. Cardiomyocytes are shrunken, 
fragmented and occasionally replaced by the infiltrating cells and separated by small amounts of wispy collagen and edema (HE, 
358X) 

Left ventricle, dog. Rare cardiomyocyte nuclei contain a 
deeply basophilic intranuclear viral inclusion that fills the 
nucleus. (HE, 518X) 



caused by the severe damage. As a result of both 
forms, circulatory changes affect lungs and liver 
causing edema and congestion.5,6 Unfortunately, 
no treatments are available, and prognosis is 
poor.9 
 
Macroscopically, mottled pale patches and bands 
in the left ventricular wall are evident. If the dogs 
have also the enteric signs, other findings include 
hemorrhagic enteritis of the small intestine, 
enlargement of enteric lymph nodes, and 
reddening of Peyer patches.6 Microscopically, 
lymphoplasmacytic myocarditis often associated 
with necrosis and subsequent fibrosis, with 
amphophilic-basophilic intranuclear inclusion 
bodies are the most characteristic findings of this 
disease. Macrophages and fibroblasts might be 
present within the interstitium.6 
 
The most effective way to control Parvovirus 
infection is vaccination and environmental 
control. Proper vaccination of female dogs prior 
to parturition provides passive immunity to 
puppies through transfer of maternal antibodies.9  
 
Contributing Institution: 
Dept. of Comparative Biomedicine and Food 
Science (BCA) 

Veterinary Medicine – University of Padua 
AGRIPOLIS – Viale dell’Università, 16 
35020 Legnaro (PD) – Italy 
http://www.bca.unipd.it/en/ 
 
JPC diagnosis: 
Heart: Myocarditis, lymphohistiocytic, diffuse, 
marked, with cardiomyocyte necrosis, loss, and 
atrophy, interstitial fibrosis, and cardiomyocyte 
intranuclear inclusion bodies. 
 
JPC comment: 
The contributor provides a succinct summary of 
canine parvoviral myocarditis. A number of other 
viruses, in addition to other causes, are implicated 
in myocarditis in domestic species, including 
canine distemper virus, canine herpesvirus, and 
pseudorabies, porcine circovirus 2, porcine 
reproductive and respiratory syndrome (PRRS) 
virus, encephalomyocarditis virus, West Nile 
Virus, and the novel Bungowannah pestivirus.7 In 
humans, enteroviruses, including coxsackievirus, 
parvovirus B-19, and human herpesvirus 6 are 
frequent causes of myocarditis.3 
 
The parvovirus genome encodes a major 
nonstructural protein 1 (NS1), and two structural 
proteins, VP1 and VP2. NS1 is responsible for 

Left ventricle, dog. Myocytes contain detectable parvoviral antigen in nuclei and cytoplasm. (anti-parvovirus, 360X) 



most steps of viral replication, while the VP2 
protein is the primary component of the viral 
capsid. VP1 is similar to VP2 but differs by 
having an additional 226 amino acids at its amino 
terminal end.4 
 
Viral myocarditis has received additional 
attention recently, as there have been numerous 
reports of COVID-19 associated myocarditis in 
humans and has even been recognized as the 
cause of death in some patients. The lesions of 
COVID-19 myocarditis are usually focal, but 
some patients progress to arrhythmia, fulminant 
heart failure, and cardiogenic shock. This disease 
manifestation occurs as a result of both direct cell 
injury, as well as T-cell mediated cytotoxicity; 
both mechanisms can be exacerbated by an 
associated cytokine storm. IL-6 is currently 
identified as the key mediator of the cytokine 
storm, which mediates the pro-inflammatory 
responses from immune cells.8 
 
The moderator was able to demonstrate 
cardiomyocytes with and without intranuclear 
inclusions were positive for anti-CPV2 
antibodies. 
 
References: 

1. Binn LN, Lazar EC, Eddy GA, et al. 
Recovery and characterization of a minute 
virus of canines. Infect Immun 1970;1:503-8. 

2. Ford J, McEndaffer L, Renshaw R, Molesan 
A, Kelly K. Parvovirus infection is associated 
with myocarditis and myocardial fibrosis in 
young dogs. Vet Pathol. 2017;54(6):964-71. 

3. Kang M, An J. Viral Myocarditis. [Updated 
2020 Aug 11]. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 
2021 Jan-. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK4
59259/ 

4. Landry ML. Parvovirus B19. Microbiol 
Spectrum. 2016;4(3): DMIH2-0008-2015. 
doi:10.1128/microbiolspec.DMIH2-0008-
2015  

5. Parrish CR, Have P, Foreyt WJ, et al., The 
global spread and replacement of canine 
parvovirus strain. J Gen Virol. 1988;69:1111-
6. 

6. Robinson WF, Huxtable CR, Pass DA. 
Canine parvoviral myocarditis: a 
morphologic description of the natural 
disease. Vet Pathol. 1980;17:282-93. 

7. Robinson WF, Robinson NA. Cardiovascular 
System. In: Maxie MG, ed. Jubb, Kennedy, 
and Palmer's Pathology of Domestic 
Animals, 6th Ed, Vol 3. St. Louis, 
MO:Elsevier. 2016:42-43. 

8. Siripanthong B, Nazarian S, Muser D, et al. 
Recognizing COVID-19-related myocarditis: 
The possible pathophysiology and proposed 
guideline for diagnosis and management. 
Heart Rhythm. 2020;17(9):1463-1471. 

9. Strom LM, Reis JL, Brown CC. Pathology in 
practice. Parvoviral myocarditis in a dog. J 
Am Vet Med Assoc. 2015; 246(8):853-5.  

10. Zachary JF. Cardiovascular System and 
Lymphatic Vessels in: Pathologic Bases of 
Veterinary Disease. Sixth Edition. Elsevier: 
St. Louis, Missouri, USA. 2017:609. 

 
 
 
 
CASE 4: 19A087 (JPC 4135350-00) 
 
Signalment: 
2.8 year-old, male, Indian-origin rhesus macaque 
(Macaca mulatta) 
 
History: 
This animal was part of an SIV vaccine trial and 
had received multiple immunizations prior to 
being challenged with pathogenic SIV. Physical 
exam findings revealed mild dehydration, facial 
swelling, left-sided facial paralysis and diarrhea. 
After 3 weeks with no response to treatment 
humane euthanasia was elected. 
 
Gross Pathology: 
Presented for postmortem examination is a 2.8 
year-old, male, Indian-origin rhesus macaque. 
There is moderate, left-sided fascial swelling. On 

Cervical soft tissue, rhesus macaque. Multiple sections of 
soft tissue from the anterior neck are submitted containing 
salivary gland and duct, lymph node, and multiple sections 
of peripheral nerve. (HE, 5X) 



cut surface the subcutis is expanded by moderate 
edema. The left trigeminal ganglia are enlarged 
and reddened compared to the right. The mucosa 
of the gastric antrum is diffusely reddened. The 
duodenum, jejunum, and ileocecal junction are 
similarly reddened. The colon contains copious, 
liquid, fetid feces. 
 
Laboratory results: 
 

Complete Blood Count 

  Value Reference 

Wbc 18.3 6.6-15.5 

Rbc 5.9 4.1-7.8 

Hgb 12.8 10.1-15.9 

Hct 40.9 34.8-55.2 

Mcv 69.9 63.7-86.9 

Mch 21.9 19.1-27.7 

Mchc 31.3 28.9-35.4 

Rdw 13.8 10.9-15.3 

Plt 476000 193-676 

Mpv 10.7   

%Neu 89.9 20.6-46.9 

%Lym 5.2 35.2-84.1 

%Mon 4.4 1.8-9.9 

%Eos 0.2   

%Bas 0   

#Neu 16.5   

#Lym 1   

#Mon 0.8   

#Eos 0.2   

#Bas 0   

 
 

Chemistry Panel 

  Value Reference 

Na 145 136-145 

K 4.1 3.5-5.1 

Cl 3.6 98-107 

Pro 5.2 6.4-8.9 

Alb 3.1 3.5-5.7 

Glob 2.1 1.9-3.9 

A/G 1.5 0.5-3.5 

BUN 33 25-Jul 

Peripheral nerve, rhesus macaque. Within a sagittal section of nerve, axonal sheaths are often dilated and contain granular 
eosinophilic axonal debris. (HE, 308X) 



Glu 5 70-105 

Crt 0.2 0.6-1.3 

Ast 116 13-39 

Alt 76   

Bn/Cr 220   

      

Csf pro 132   

 
Microscopic description: 
Salivary gland and soft tissues of the face – 
Infiltrating the perineurium of a facial nerve are 
moderate numbers of neutrophils with lesser 
numbers of macrophages and lymphocytes. The 
perineurium is mild to moderately expanded by 
edema. Inflammatory cells (presumed 
macrophages) multifocally exhibit karyomegaly 
with intranuclear 1x3 µm, eosinophilic, hyaline 
inclusions that peripherally marginate the 
chromatin. There is marked axonal degeneration 
characterized by dilation of myelin sheaths with 
spheroid formation. Occasionally dilated axon 
sheaths are infiltrated by macrophages (digestion 
chamber formation). The surrounding fascia is 
similarly expanded by inflammatory cells and 
edema. 
 
Contributor’s morphologic diagnosis: 
Nerve of the face: Neuritis, necrosuppurative, 
moderate, acute with axonal degeneration and 
intranuclear inclusions consistent with 
cytomegalovirus. 
 
 
Contributor’s comment: 
Rhesus cytomegalovirus (RhCMV) is ubiquitous 
with a seroprevalence in rhesus macaques that 

nears 100% by 1 year of age.11 Experimental 
infection has shown that immunocompetent hosts 
clear virus from circulation within two weeks 
following the production of anti-CMV 
antibodies.7 Once cleared, the virus becomes 
latent within ganglia and animals remain infected 
for life. Immunosuppression, most often in AIDS 
and transplant recipients, results in reactivation 
with multiorgan pathology including interstitial 
pneumonia, encephalitis, enteritis, 
lymphadenitis, and orchitis.3 RhCMV is the most 
common opportunistic infection of rhesus 
macaques infected with SIV. Other common 
opportunistic infections include adenovirus, 
Pneumocystis sp., and Cryptosporidia sp. Facial 
neuritis, as seen in this case, is an uncommon 
presentation of RhCMV occurring in <10% of 
cases.1 
 
Contributing Institution: 
Division of Comparative Pathology  
Tulane National Primate Research Center 
https://www2.tulane.edu/tnprc/ 
 
 
JPC diagnosis: 
Peripheral nerves: Neuritis, necrotizing, diffuse, 
marked with cytomegalic intranuclear inclusions. 
 
JPC comment: 
The subfamily Betaherpesvirinae encompasses 
four genera, which include Cytomegalovirus, 
Muromegalovirus, Proboscivirus, and 
Roseolovirus. These viruses replicate more 
slowly than alphaherpesviruses, leading to 
cytomegalic cells. During latency, these viruses 
are confined to hematopoietic stem cells, and 
possibly the cells of secretory glands and the 
kidney. Species within Betaherpesvirinae affect 

Peripheral nerve, rhesus macaque. Affected nerves are 
infiltrated with low to moderate numbers of neutrophils, 
and fewer histiocytes.  (HE, 400X) 

Peripheral nerve, rhesus macaque. Rarely, Schwann cell 
nuclei are expanded by a darkly basophilic intranuclear 
inclusion which fills the nucleus (arrow). (HE 570X) 



humans and non-human primates (this entity, 
macacine herpesvirus 3), but also infect mice 
(murid herpesvirus 1 and 2), rats (murid 
herpesvirus 8), guinea pigs (caviid herpesvirus 2), 
elephants (elephantid herpesviruses), and pigs 
(suid herpesvirus 2).8 Interestingly, the genome 
of macacine herpesvirus 3 encodes proteins that 
help evade the immune system. Peptides are 
produced that downregulate MHC I expression, 
and a viral homolog of IL-10 is produced that has 
anti-inflammatory properties.12 Human 
cytomegalovirus also produces proteins with 
CXC chemokine properties, encoded on viral 
genes UL146 and UL147. The protein encoded 
by UL146 is named viral CXC chemokine-1 
(vCXCL1) and is at least as potent as innate IL-8 
and responsible, in large part, for the neutrophilic 
response to this virus.10 
 
Viral infection continues to be a relevant concern 
for colonies of macaques used in biomedical 
research. A seroprevalence study conducted in 
Germany of 231 macaques found high 
seroprevalence of cytomegalovirus (98.3%), 
lymphocryptovirus (89.6%), rhesus rhadinovirus 
(84.4%), and simian foamy virus (94.8%). These 
infections appear to be acquired early in life, 
usually before capture, but researchers should be 
aware of the background lesions that may be 
encountered during postmortem and histologic 
examination.6 
 
Recent research has focused on vaccine 
development using cytomegalovirus as a vector. 
Promising vaccines have been produced against 
Mycobacterium tuberculosis,4,5 as well as HIV2 
and Ebolavirus.9 The cytomegalovirus-vector 
help producing long lasting memory  

 

 

lymphocytes, contributing significantly to 
longstanding resistance to infection. 
 
The moderator performed additional diagnostics 
on this case and demonstrated via in situ 
hybridization that affected peripheral nerves had 
large amounts of virus. Additionally, virus was 
detectable within few salivary gland nuclei, 
indicating a location for latent viral infection in 
this animal. 
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Lymph nodes, rhesus macaque. The nodes are markedly 
depleted as a result of infection by simian lentivirus. (HE, 
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Peripheral nerve, salivary gland, rhesus macaque. Top: 
Probe to CMV:ISH hybridization demonstrates abundant 
viral nucleic acid within peripheral nerves. Bottom: There is 
scattered viral nucleic acid within salivary gland epithelial 
cells. (CMV in situ hybridization) 
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1. In addition to macrophages, lipid in atherosclerotic lesions may also be seen in what cells ? 
a. Endothelial cells 
b. Fibroblasts 
c. Neutrophils 
d. Smooth muscle cells 

 
2.  Lipid is primarily found in which layer(s) of arteries in humans? 

a. Intima 
b. Media 
c. Adventitia 
d. Media and adventitia 

 
3. Which of the following is the most common form of cardiomyopathy in cats? 

a. Dilatative cardiomyopathy 
b. Endomyocardial restrictive cardiomyopathy 
c. Myocardial restrictive cardiomyopathy 
d. Hypertrophic cardiomyopathy 

 
4. Parvoviruses exhibit a form of ______ tropism for cells in the villar crypts. 

a. Cryptophilic 
b. Radiomimetic 
c. Necroptotic 
d. Cryptolytic 

 
5. Cytomegalovirus becomes latent in immunocompetent hosts in which of the following cell 

types? 
A. Salivary duct epithelium 
B. Megakaryocytes 
C.  Ganglionic neurons 
D. Intestinal crypt 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 
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 2020-2021 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.  


	01. Front Matter
	02. WSC 20-21 Conf 1 Illustrated Results
	03. Self-Assesment Conf 1 Blank
	04. WSC 20-21 Conf 2 Illustrated Results
	05. Self-Assesment Conf 2 blank
	06. WSC 20-21 Conf 3 Illustrated Results_tiny
	07. Self-Assesment Conf 3 blank
	08. WSC 20-21 Conf 4 Illustrated Results
	09. Self-Assesment Conf 4 blank
	10. WSC 20-21 Conf 5 Illustrated Results
	11. Self-Assesment Conf 5 blank
	12. WSC 20-21 Conf 6 Illustrated Results
	13. Self-Assesment Conf 6 blank
	14. WSC 20-21 Conf 7 Illustrated Results
	15. Self-Assesment Conf 7 blank
	16. WSC 20-21 Conf 8 Illustrated Results
	17. Self-Assesment Conf 8 Blank
	18. WSC 20-21 Conf 9 Illustrated Results
	19. Self-Assesment Conf 9 Blank
	20. WSC 20-21 Conf 10 Illustrated Results
	21. Self-Assesment Conf 10 Blank
	22. WSC 20-21 Conf 11 Illustrated Results
	23. Self-Assesment Conf 11 blank
	24. WSC 20-21 Conf 12 Illustrated Results
	25. Self-Assesment Conf 12 Blank
	26. WSC 20-21 Conf 13 Illustrated Results
	27. Self-Assesment Conf 13 Blank
	28. WSC 20-21 Conf 14 Illustrated Results
	29. Self-Assesment Conf 14 blank
	30. WSC 20-21 Conf 15 Illustrated Results
	31. Self-Assesment Conf 15 blank
	32. WSC 20-21 Conf 16 Illustrated Results
	33. Self-Assesment Conf 16 blank
	34. WSC 20-21 Conf 17 Illustrated Results
	35. Self-Assesment Conf 17 blank
	36. WSC 20-21 Conf 18 Illustrated Results
	37. Self-Assessment Conf 18 Blank
	38. WSC 20-21 Conf 19 Illustrated Results
	39. Self-Assesment Conf 19 blank
	40. WSC 20-21 Conf 20 Illustrated Results
	41. Self-Assesment Conf 20 blank
	42. WSC 20-21 Conf 21 Illustrated Results
	43. Self-Assesment Conf 21 Blank
	44. WSC 20-21 Conf 22 Illustrated Results
	45. Self-Assesment Conf 22 Blank
	46. WSC 20-21 Conf 23 Illustrated Results
	47. Self-Assessment Conf 23 Blank
	48. WSC 20-21 Conf 24 Illustrated Results
	49. Self-Assessment Conf 24 Blank
	50. WSC 20-21 Conf 25 Illustrated Results
	51. Self-Assessment Conf 25 blank

