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This work reflects a collaborative effort by a team of professionals from around the 
world who believe in open access to education and the stewardship of veterinary 
pathology. This year, we transitioned to digital distribution of WSC cases, and this 
move is another step toward removing barriers to participation in the conference and 
the widest dissemination of results. On behalf of the Joint Pathology Center, I would 
like to extend immense gratitude to all the contributors who submitted cases to the 
2022-2023 Wednesday Slide Conference and who remained flexible during our digital 
transition. 

Throughout this conference year, the following veterinary pathologists lent their time 
and expertise by moderating for Wednesday Slide Conference: Corrie Brown, Erica 
Barkei, Jeremy Bearss, Kelsey Fiddes, Bruce Williams, Rob Kim, Francisco Uzal, 
Charles Bradley, Don Meuten, Joseph Anderson, Elise LaDouceur, Alicia Moreau, 
John Cullen, Sarah Cudd, Cory Brayton, Julianna Lee, Eric Lee, Kali Holder, Jo Lynne 
Raymond, Keith Koistinen, Daniel Finnegan, Patricia Pesavento, Jey Koehler, and 
Rachel Neto. Thank you all for making this year a success! 

The Joint Pathology Center’s military and civilian staff and residents make an 
undertaking like this possible. I would like to personally thank Dr. Bruce Williams for 
leading the WSC program and for his mentorship; Ms. Casey Wood for her excellent 
communication and attention to detail; Ms. Kenenya Gathers for accessioning and 
organizing cases; and Ms. Stacey Tamer providing special and immunohistochemical 
stain support. 

Finally, I would like to thank my husband, Robin, and daughter, Zelda. I love you 
both and could not have completed this year without your support. 

Sarah Sulkosky, DVM 
2022-2023 WSC Coordinator 
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Case JPC No. Slide ID No. Species Tissue Lesion/condition Page 

Conference 1 - August 17, 2022 

1 4120173 N-178/18 Sheep Lung Ovine progressive adenocarcinoma / 
Jaagsiekte Sheep Retrovirus 8 

2 4156027 20202 Sheep Esophagus Esophageal myofiber degeneration / 
Bluetongue Virus 13 

3 4165838 N-298/20 Ox Lung Caseonecrotic bronchopneumonia / 
Mycoplasma bovis 19 

4 4101206 D15-048236 Ox Esophagus Necroulcerative esophagitis / Bovine 
viral diarrhea virus 27 

Conference 2 - August 24, 2022 

1 4166941 P21-0286 Pig Brain Granulomatous encephalitis / 
Mycobacterium avium hominissuis 34 

2 4117035 17-15645 Dog Eye Idiopathic necrotizing scleritis 38 

3 4166546 672918 Dog Spinal cord Intravascular lymphoma and embolus 42 

4 4140673 2019 NHP JPC 
Case 1 

Rhesus 
macaque Ileum Intestinal adenocarcinoma 47 

Conference 3 - August 31, 2022 

1 4168535 21N055 Mouse Lung, liver, gall 
bladder 

Acidophilic macrophage pneumonia, 
extramedullary hematopoiesis, and 
epithelial hyalinosis 

53 

2 4168471 21N045 Mouse Heart, haired 
skin Atherosclerosis, ulcerative dermatitis 57 

3 4167359 D21-010259 Cat Lung Necrosuppurative and histiocytic 
pneumonia / Neisseria sp. 62 

4 4170017 NP-20- 
0000570 Chicken Small intestine, 

pancreas 
Lymphoproliferative disease 
(Marek's Disease) 67 

Conference 4 - September 14, 2022 

1 4066375 15041635 Alpaca Lung Granulomatous pneumonia / 
Histoplasma capsulatum 74 

2 4163165 17934 Cat Haired skin, liver Cholangiocarcinoma and 
paraneoplastic alopecia 78 

3 4169524 N-086-21 Hedgeho 
g Haired skin Poxviral dermatitis 84 

4 4168074 50607 Cat Stomach Verminous gastritis / Ollulanis 
tricuspis 89 

Conference 5 - September 21, 2022 
1 4152800 D19-013690 Dog Colon Histiocytic ulcerative colitis 95 

2 4135353 19V04893 Mink Lung 
Fibrinosuppurative 
bronchopneumonia / Pseudomonas 
aeruginosa 

99 

3 4101488 A Ferret Small intestine Proliferative enteritis / Lawsonia 
intracellularis 104 

4 4066917 XGL1315B Dog Lung Pulmonary hyalinosis 110 

Conference 6 - September 28, 2022 

1 4182279 22-432 Ox Adrenal gland Necrotizing adrenalitis / Bovine 
herpesvirus 1 114 
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Case JPC No. Slide ID No. Species Tissue Lesion/condition Page 

2 4117379 18H9445 Dog Cerebrum GM1 gangliosidosis 119 

3 4152966 469477 Cat Brain Pyogranulomatous encephalitis / 
Feline coronavirus (FIP) 126 

4 4153144 19920 C33 Hedgeho 
g 

Oral and nasal 
cavities Squamous cell carcinoma 133 

Conference 7 - October 5, 2022 

1 4166549 20211 Ox Abomasum 

Necrotizing abomasitis / Candida 
alibcans, Aspergillus spp, 
Muocraceae, and bovine adenovirus- 
4 

138 

2 4068725 A15-10090 Goat Liver Necrosuppurative hepatitis / Listeria 
monocytogenes 144 

3 4166548 20212 Ox Liver Hepatitis / Salmonella enterica 
subsp. enterica Dublin 148 

4 4153531 P305-20 Ox Ileum Enteropathogenic E. coli 154 

Conference 8 - October 12, 2022 

1 4168137 19B2865 Ox Haired skin X-linked hypohidrotic ectodermal
dysplasia 161 

2 4168023 N2021-78 Hedgeho 
g Haired skin Disseminated trichophytosis 165 

3 4166821 Case #2 Cat Haired skin Sebaceous adenitis 171 

4 4117062 
2016- 
1178(INIA 15- 
029) 

Dog Haired skin Prototheca 175 

Conference 9 - November 2, 2022 
1 4142167 HSRL-425 Dog Lymph node Metastatic urothelial cell carcinoma 182 

2 4170046 3.201E+11 Dog Thyroid Hurthle cell carcinoma 187 

3 4166125 2005 35 Dog Bile duct Carcinoid (neuroendocrine 
carcinoma) 192 

4 4155465 19-015167 Dog Adrenal gland Pheochromocytoma 196 

Conference 10 - November 9, 2022 

1 4154919 20-30209 Goat Liver and lung Necrotizing hepatitis and pneumonia 
/ Caprine hepatitis virus 1 204 

2 4160775 322057 Cat Spinal cord Necrotizing myelitis / Toxoplasma 
gondii 209 

3 4179969 21V123-21 Rabbit Uterus Uterine venous aneurysm, cystic 
endometrial hyperplasia 212 

4 4085020 CASE 2 Dog Uterus Eosinophilic endometritis and 
myometritis 216 

Conference 11 - November 30, 2022 
1 4181856 74275 Octopus Gill Coccidiosis 225 

2 4168081 C202370081 Crab 
Apron, 
caparapce, limb, 
gill 

Black spot shell disease 228 

3 4085108 2 Tortoise Liver Necrotizing hepatitis / Entamoeba sp. 232 
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Case JPC No. Slide ID No. Species Tissue Lesion/condition Page 

4 4183634 13310-A 10 Crawl 
cay boa Intestine Lymphoma 238 

Conference 12 - December 7, 2022 
1 4179906 20-0135-87 Goat Kidney Chronic glomerulonephritis 245 

2 4168028 19-44685 Dog Kidney, lung Renal amyloidosis and pulmonary 
mineralization 249 

3 4181849 F22-54493 Ox Kidney Acute tubular necrosis / oak toxicosis 253 

4 4165968 21V-257-1 Cat Kidney Polyarteritis nodosa 258 

Conference 13 - December 14, 2022 

1 4154566 20-0424A Goat Liver Acute hepatic necrosis / Trema 
tomentosa toxicity 263 

2 4139466 86/866 Ox Liver Chronic hepatic degeneration / 
Lantana camara toxicity 267

3 4136403 19-004799 Dog Liver Biliary atresia 271 

4 4167234 N21-34 Hamster Liver Polycystic liver disease 277 

Conference 14 - 4 January 2023 
1 4182699 T7562/21 Cat Lymph node Hodgkins-like lymphoma 283 

2 4169456 16610 Rabbit Haired skin Erythema multiforme 288

3 4153949 19-034733 Dog Skeletal muscle Muscular dystrophy 293 

4 4181065 018829B Dog Vertebra Multiple myeloma 300 

Conference 15 - 11 January 2023 

1 4182586 21N140 Rat Small and large 
intestine 

Radiation induced gastrointestinal 
syndrome 306 

2 4128010 18N095-2 Mouse Liver Microvascular dysplasia 313 

3 4118170 18-1152 Rat Kidney Nephroblastoma 317 

4 4167864 1235813-013 Rat Kidney Nephroblastematosis 322 

Conference 16 - 18 January 2023 

1 4183636 22-H40121 Snow 
Leopard Lung 

Interstitial pneumonia / SARS-CoV2 
with pyogranulomatous fungal 
pneumonia 

327 

2 4181139 D21-031185 Bobcat 
Ileum, 
mesenteric 
lymph node 

Necrotizing ileitis / Francisella 
tularensis 333

3 4154914 19-0278 Cat Spleen Histiocytic and neutrophilic splenitis 
/ Klebsiella pneumoniae 339 

4 4136501 18014E 
African 
Green 
Monkey 

Stomach Gastrointestinal stromal tumor 342 

Conference 17 - 25 January 2023 

1 4181858 N-002-21 Pig Lung Arteritis and interstitial pneumonia / 
Porcine circovirus-3 349 

2 4118014 P1487-17 Dog Lung Bronchointerstitial pneumonia/ 
Canine distemper virus 354 
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Case JPC No. Slide ID No. Species Tissue Lesion/condition Page 

3 4168075 50562 Dog Brain Lymphohistiocytic encephalitis / 
Canine distemper virus 359 

4 4137574 N-061/19 Dog Kidney Granulomatous nephritis / 
Mycobacterium tuberculosis 369 

Conference 18 - 1 February 2023 

1 4161431 HB6504 Goitered 
Gazelle Lung Necrotizing bronchopneumonia / 

Peste des petits ruminants 377 

2 4182648 65530 Grant's 
Gazelle Liver Necrotizing hepatitis / Chlamydia 

pecorum 381 

3 4182644 L21 5287 G Bald 
Eagle 

Lung, panceras, 
skeletal muscle Systemic sarcocystosis 385 

4 4117381 S-9111 Striped 
Hyena Haired skin Glomus tumor 390 

Conference 19 - 8 February 2023 

1 4118021 15-081037 Dog Lung, Aorta Chemodectoma and pulmonary 
adenocarcinoma 396 

2 4186709 X-18712-21 Rabbit Eye Uveitis / Encephalitozoon cuniculi 402 

3 4166942 H21-0433 Cat Eye Melanoma 406 

4 4182583 NC-21-1573 Dog Lung Alveolitis / Pneumocystis 410 

Conference 20 - 15 February 2023 
1 4154916 H19-002678 Goat Cerebrum Enzootic ataxia 416 

2 4085016 WSC-2016-2 Ox Brain Lead toxicity 420 

3 4136394 18-1765 Rat Brain Neuronal necrosis due to status 
epilepticus 424 

4 4167230 P2263-20 Dog Brain Vascular necrosis due to 
phenethylamine toxicosis 430 

Conference 21 - 29 March 2023 
1 4136165 50237 Dog Brain Granular cell tumor 436 

2 4182281 152370-21 Dog Urinary bladder Malakoplakia 441 

3 4166996 18-001 Dog Lymph node Nodal plexiform vasculopathy 445 

4 4087118 15-516 Dog Lung Congenital pulmonary airway 
malformation 450 

Conference 22 - 12 April 2023 

1 4118307 04705 Ox Oral mucosa Malignant catarrhal fever / Ovine 
gammaherpesvirus 2 457 

2 4152223 19-2277 Cat Lung Pulmonary endarteritis / Dirofilaria 
immitis 463 

3 4167357 D19-042303B Dog Brain Encephalitis / Canine Adenovirus 1 469 

4 4182289 22-104 Mink Lung Interstitial pneumonia / Aleutian 
mink disease 474 

Conference 23 - 19 April 2023 

1 4181059 2021901437 Dog Eye Orbital meningioma 480 
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Case JPC No. Slide ID No. Species Tissue Lesion/condition Page 

2 4181067 128036 Cat Spinal cord Gemistocytic astrocytoma 484 

3 4181847 S342/20 Cat Spinal cord Leptomeningeal 
oligodendrogliomatosis 489 

4 4182862 N21-434/7 Dog Cerebellum Cerebellar granuloprival 
degeneration 496 

Conference 24 - 26 April 2023 

1 4186714 220953721 Ox Coxofemoral 
joint Congenital Ureaplasma arthritis 502 

2 4162085 V164/20 Dog Joint capsule Synovial myxoma 505 

3 4152965 469361 Ox Mandible Ossifying fibroma 509 

4 4184464 N-155-21 Pig Maxilla Fibrous osteodystrophy 514 

Conference 25 -10 May 2023 
1 4084740 15C20652 Dog Epididymis Systemic reactive histiocytosis 523 

2 4166820 S-00-2021-1 Cat Lung Pulmonary langerhans cell 
histiocytosis 527 

3 4153752 WSC CASE1 Dog Eye Ocular osteosarcoma 532 

4 4116582 281/10 Ox Eye Besnoitia besnoiti 536 
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Joint Pathology Center 
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WEDNESDAY SLIDE 
CONFERENCE 2022-2023 

 

Conference #1 17 August 2022 
 
 

CASE I: 
 

Signalment: 
6 year-old. Female. Roya Bilbilitana. Ovine 
(Ovis orientalis aries) 

 
History: 
The animal presented with respiratory dis- 
tress to the clinical service for ruminants 
(Servicio Clínico de Rumiantes – SCRUM) 
of the University of Zaragoza. The animal 
came from a herd of 1300 sheep and seven of 
them presented the same clinical signs. At 
clinical examination, the animal showed 
tachypnea and abundant foamy fluid flowing 
from the nostrils. 

 
Gross Pathology: 
Prior to post-mortem examination, educa- 
tional computed tomography (CT) scans 
were recorded of the thorax and evinced mul- 
tiple nodules throughout the cranioventral 
area of the pulmonary parenchyma. At nec- 
ropsy, the sheep was in poor body condition. 
Lungs presented a bilateral consolidation of 
the anterior lobes and the ventral area of the 
posterior ones. Lung weight was three times 
higher in comparison with a normal lung. 
There was abundant fluid in the trachea and 
bronchi. 

 
Laboratory Results: 
No laboratory findings reported. 

Microscopic Description: 
Lung. Expanding and substituting up to 70% 
of the pulmonary parenchyma there is a mul- 
tilobulated, non-encapsulated, well-demar- 
cated, moderately cellular and expansive ne- 
oplasm that compress adjacent airways and 
alveoli. Neoplastic cells form acini, tubuli 
and rare papillae, supported by a moderate 
amount of fibrovascular stroma that are mul- 
tifocally expanded by dense mature collagen 
and fibrocytes (scirrhous reaction). Cells are 
polygonal to columnar, 10-15 μm; show dis- 
tinct cell borders, occasional apical cilia, a 
moderate amount of finely granular eosino- 
philic cytoplasm, a round to oval 7-12 μm ba- 
sally located nuclei with coarsely 

 

Figure 1-1. Lung, sheep. A CT scan of the anterior lung 
field demonstrates numerous coalescing nodular opac- 
ities. (Photo courtesy of: Universidad de Zaragoza De- 
partamento de Pathologia Animal, https://patologi- 
aanimal.unizar.es.) 
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Figure 1-2. Lung, sheep. There is bilateral cranioventral lung lobe consolidation. (Photo courtesy of: Universidad de Zara- 
goza Departamento de Pathologia Animal, https://patologiaanimal.unizar.es.) 

 

stippled chromatin and 1-2 visible nucleoli. 
There is moderate anisocytosis and 
anisokaryosis and less than one mitotic figure 
per 1 HPF (0.237 mm2). Multifocally, within 
the peritumoral non-affected parenchyma, 
there are intra-alveolar sheets of foamy alve- 
olar macrophages (alveolar histiocytosis). 
There are intra and peritumoral aggregates of 
lymphocytes, plasma cells and less histio- 
cytes as well as dense aggregates of viable 
and degenerated neutrophils within some tu- 
moral acini. There are multifocal areas of al- 
veolar edema, emphysema and prominent 
peribronchial lymphoid follicles (BALT hy- 
perplasia). 

 
Contributor’s Morphologic Diagnoses: 
Lung. Adenocarcinoma 

 
Condition: Ovine Pulmonary Adenocarci- 
noma / Jaagsiekte / Pulmonary adenomatosis 

 
Cause: Ovine betaretrovirus 

 
Contributor’s Comment: 
This is the classical form of the Ovine Pul- 
monary Adenocarcinoma (OPA), also called 
Sheep Pulmonary Adenomatosis (SPA). This 
contagious pulmonary tumor is caused by an 
exogenous betaretrovirus, Jaagsiekte sheep 

retrovirus (JSRV), that target respiratory epi- 
thelial cells, mainly bronchiolar club cells 
and alveolar type II pneumocytes.8 

 
There are two forms of presentation of the tu- 
mor. Classical OPA usually affects cranio- 
ventral pulmonary lobes that become solid, 
grey or light purple and which bronchiole are 
filled by abundant alveolar fluid.5 The tumor 
usually progress leading to respiratory em- 
barrassment of the animal, that is evinced by 
dyspnea, tachypnea, exercise intolerance and, 
in severe cases, marked movement of the ab- 
dominal wall (abdominal lift). On the other 
hand, the Atypical OPA is compound of sol- 
itary or aggregated white hard nodules. There 
is no production of alveolar fluid and lesion 
do not progress so it usually remains subclin- 
ical and is a necropsy finding. 

 

Figure 1-3. Lung, sheep. At subgross magnification, 90% 
of the section is effaced by coalescing neoplastic nod- 
ules. (HE, 7X) 
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Figure 1-4. Lung, sheep. The lepidic form of growth, in which neoplastic cells extend outward along alveolar septa is best 
seen in less affected areas of the section. (Photo courtesy of: Universidad de Zaragoza Departamento de Pathologia Animal, 
https://patologiaanimal.unizar.es.) (HE, 100X) 

 

 
Microscopically, both forms are character- 
ized by a lepidic cell pattern that can become 
papillary or acinar in certain areas. Classical 
form is usually more invasive whereas atypi- 
cal form is well demarcated and surrounded 
by prominent infiltrate of lymphocytes and 
plasma cells.6,12 Metastasis to regional lymph 
nodes may occur in 10% of animals affected 
by the classical form but dissemination to 
other organs is extremely rare. 

 
Pathogenesis of the tumor is not fully under- 
stood but envelope protein has been shown to 
induce tumor in mice.8 The development of 
the classical or the atypical form seems to 
stem from the host immune response. Atypi- 
cal forms contain more intratumoral CD4 and 
CD8 T-cell subsets as well as higher MHC 
Class II receptor expression in the tumor 
cells.11 It has been thought that JSRV could 

be lined with the induction of human lung ad- 
enocarcinoma, however new studies discard 
this hypothesis.6 

 
Transformed epithelial respiratory cells are 
the major sites for viral replication but JSRV 
can also be found in lung fluid and lymphoid 
tissues.4 The virus is mainly transmitted by 
the respiratory route and close contact be- 
tween animals plays a crucial role.12 

 
 

Figure 1-5. Lung, sheep. Most of the section is solidly 
cellular with alveoli lined by neoplastic columnar epi- 
thelium which fills the lumen and effaces normal alveo- 
lar architecture. (HE, 314X) 
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Retroviruses that Induce Tumors in Animals – Adapted from Fenner’s Veterinary Virology.10 

Genus Species Syndrome 
Alpharetrovirus Avian leukosis virus Leukosis (lymphoma, leukemia), nephroblastoma in fowl 

Rous sarcoma virus Sarcoma in fowl 
Avian myeloblastosis virus Myeloblastosis in fowl 

Betaretrovirus Mouse mammary tumor virus Mammary carcinoma in fowl 
Mason-Pfizer monkey virus Sarcoma and immunodeficiency disease in monkeys 
Ovine pulmonary adenocarcinoma 
virus (Jaagsiekte virus) 

Pulmonary adenocarcinoma in sheep 

Enzootic nasal tumor virus Enzootic nasal adenocarcinoma in sheep and goats 
Gammaretrovirus Feline leukemia virus Leukemia in cats 

Feline sarcoma virus Sarcoma in cats 
Murine leukemia and sarcoma vi- 
ruses 

Leukemia, lymphoma, and sarcoma in mice 

Deltaretrovirus Avian reticuloendotheliosis virus Reticuloendotheliosis in fowl 
Bovine leukemia virus Leukemia (B cell lymphoma) in cattle 

Table 1-1 

Perinatal transmission via colostrum and 
milk is also possible.1 Most lambs become in- 
fected at very early age but only a minority 
(5-20%) develop OPA and they usually do 
between 2 and 4 years of age, evincing a long 
incubation period.5 Resistance to infection 
increases with age due to the decrease of the 
proliferation rate of type II pneumocytes in 
adults. 

 
The main differential diagnosis of the classic 
form of OPA is Maedi or ovine progressive 

 

Figure 1-6. Lung, sheep. Occasionally, neoplastic epi- 
thelium extends outward into ectatic alveoli, forming 
papillary projections into the lumen, which is partially 
filled by a neutrophilic exudate. (Photo courtesy of: 
Universidad de Zaragoza Departamento de Pathologia 
Animal, https://patologiaanimal.unizar.es.) (HE, 400X) 

 
pneumonia. This disease also presents as 
chronic progressive respiratory problems. 
However, there is no fluid production and the 
gross appearance is that of uncollapsed lungs 
and diffuse interstitial pneumonia. Gross 
appearance of classical OPA could be easily 
confused by chronic bronchopneumonia. 
Goats can also suffer from OPA but the inci- 
dence is lower.8 The transmission of the tu- 
mor between both species is possible alt- 
hough rare. Cattle and other animals are re- 
sistant. 

 
Another betaretrovirus infection in sheep is 
Enzootic Nasal Tumor; however, both tu- 
mors are rarely seen in the same animal. 

 
Contributing Institution: 
Universidad de Zaragoza. Departamento de 
Patología Animal 
https://patologiaanimal.unizar.es/ 

 
JPC Diagnosis: 
Lung: Pulmonary adenocarcinoma. 

 
JPC Comment: 
The contributor provides an excellent over- 
view of both the classical and atypical forms 
of ovine pulmonary adenocarcinoma. 
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Jaagsiekte is an Afrikaans term meaning 
“chase sickness”, and refers to the exacerba- 
tion of clinical signs from the stresses and 
physical demands of herding.9 The disease 
was originally described in South Africa in 
the 1800’s and is now seen regularly in South 
America, Africa, Europe, Africa, and Asia.2,9 

The disease has not been documented in Aus- 
tralia.2 In Iceland, a major outbreak in the 
1930’s affected up to 30% of the nation’s 
sheep population and was eradicated by 
widespread culling and strict isolation 
measures.6 

 
Antemortem diagnosis of OPA can be chal- 
lenging. Sheep do not produce a humoral re- 
sponse to viral infection, so no serological 
tests are available. 8 PCR for pro-viral DNA 
in peripheral blood has low sensitivity for an 
individual animal (11%) but may be useful in 
monitoring at the flock level.6,8 Bronchoalve- 
olar lavage fluid is more sensitive for PCR 
testing, however it is an impractical test to 
employ in the field.6 Thoracic ultrasound has 
also been described but has low sensitivity 
for lesions found deeper within the lungs and 
a high false positive rate. In a recent survey 
of sheep in the UK, only 24% of animals di- 
agnosed with OPA via ultrasound were posi- 
tive on histologic and IHC examination.3 

 
As the contributor stated, the gross appear- 
ance of OPA can mimic that of chronic bron- 
chopneumonia, and in one study of OPA in 
abattoirs in Ireland, there was a 89% false- 
positive rate for diagnosis of OPA based on 
gross lesions alone.6 Histologic examination 
improves diagnostic rates, however confirm- 
atory IHC or RT-PCR may be needed to rule 
out the less common non-JSRV associated 
pulmonary adenocarcinoma or to diagnose 
OPA masked by concurrent disease (i.e. 
bronchopneumonia).6 

 
Table 1-1, adapted from Fenner’s Veterinary 
Virology, summarizes the major retroviruses 

 

 
Figure 1-7. Lung, sheep. There is marked BALT hyper- 
plasia. (Photo courtesy of: Universidad de Zaragoza De- 
partamento de Pathologia Animal, https://patologi- 
aanimal.unizar.es.) (HE, 200X) 

 

that induce neoplasia in animals. Both the en- 
zootic nasal tumor retroviruses and JSRV are 
classified as a trans-activating retroviruses as 
neoplastic transformation stems from expres- 
sion of the viral env gene, compared to cis- 
acting retroviruses that alter expression of the 
host proto-oncogenes. 10 

 
During the conference, the moderator, Dr. 
Corrie Brown from the University of Geor- 
gia, described clinical and pathologic fea- 
tures of the cases she has seen during her 
work overseas, including the wheelbarrow 
test. Lifting an affected animal’s hindlimbs 
like a wheelbarrow will cause frothy fluid 
pour from the nostrils; this is secondary to ag- 
onal reflux of high-protein pulmonary 
edema. Dr. Brown also reminded conference 
participants of the impact this diagnosis can 
have on small farmers in low-income coun- 
tries: if one animal is affected, the farmer will 
invariably lose more of their herd – and a sig- 
nificant portion of their livelihood. 

 
References: 
1. Borobia M, De Las Heras M, Ramos JJ, 

et al. Jaagsiekte Sheep Retrovirus Can 
Reach Peyer’s Patches and Mesenteric 
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12. Summers C, Benito A, Ortin A, et al. The 
distribution of immune cells in the lungs 
of classical and atypical ovine pulmonary 
adenocarcinoma. Vet Immunol Immuno- 
pathol. 2012; 146:1–7. 

 
CASE II: 

 
Signalment: 
32-month-old, female, cross- corriedale 
sheep (Ovis aries) 

 
History: 
This ewe showed depression, dysphagia, na- 
sal discharge, coughing, and drooling. Two 
days prior to death, she developed a high fe- 
ver, constant salivation and head drooping. 
There were no vesicular formation or ulcers 
in the oral cavity. Subsequently, the sheep 
died, and was autopsied in the next morning. 
No animals had been introduced on this farm 
for three years. 

 
Gross Pathology: 
The lung presented bilaterally dark red in 
color with a firm consistency and did not col- 
lapse after the thorax was opened. The respir- 
atory tract was filled with yellowish-white 
foamy materials. The gastrointestinal tract 
was dark red in color throughout. 
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Figure 2-1. Esophagus, sheep. There is diffuse thinning 
of the esophageal muscle, and the section appears flac- 
cid and partially collapsed. (HE, 8X) 

 

Laboratory Results: 
The gene of Bluetongue virus (serotype 21) 
was detected from the blood samples by re- 
verse transcription-polymerase chain reac- 
tion (RT-PCR). 

 
Any bacterial pathogens were not detected 
from major organs examined. Postmortem 
testing of hepatic selenium and Vitamin E 
concentrations reveal levels as adequate. 

 
Microscopic Description: 
Upper esophagus: The histologic lesion is 
mainly in the muscle layer as multifocal mus- 
cle fiber degeneration and necrosis, and the 

epithelial layer is intact. Degenerate and ne- 
crotic muscle fibers are fragmented with loss 
of cross striations, and hyalinized homoge- 
nous sarcoplasm. There is infiltration of 
prominent macrophages, a few lymphocytes 
and plasma cells between affected muscle fi- 
bers. The necrotic areas are replaced by a 
variable amount of collagens and fibroblasts. 
The regenerative change of myofibers char- 
acterized by a row of nuclei, centralized nu- 
clei and basophilic cytoplasm frequently ap- 
pears adjacent to affected region. Small blood 
vessels are occasionally lined by hypertro- 
phied endothelial cells or disrupted endothe- 
lium with scattered pyknotic or karyorrhectic 
nuclei. 

 
Contributor’s Morphologic Diagnosis: 
Esophagus: Multifocal myofiber degenera- 
tion and necrosis, moderate, with mild fibro- 
sis and regeneration. 

 
Contributor’s Comment: 
This slide presents a typical case of Blue- 
tongue (BT) with muscle fiber degeneration 
and necrosis, and a vascular lesion. The mus- 
cle lesion also showed regenerative changes 

 

 
Figure 2-2. Esophagus, sheep. There are multifocal areas of myofiber degeneration and necrosis and replacement fibrosis. 
(HE, 314X) 
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Figure 2-3. Esophagus, sheep. Higher magnification of an area of myofiber degeneration and necrosis with infiltration by 
macrophages and replacement fibrosis. (HE, 614X 

 

including basophilic myoblasts, myotubes 
and fibrovascular response. These findings 
indicate that 1-2 weeks have elapsed since le- 
sion formation. This is consistent with that 
the ewe died about a week after the onset of 
clinical symptoms. 

 
BT is an infectious, non-contagious, vector- 
borne viral disease that affects wild and do- 
mestic ruminants.14 The disease is caused by 
Bluetongue virus (BTV), family Reoviridae, 
the prototype virus for genus Orbivirus.1 At 
least 27 or more distinct BTV serotypes were 
defined.4,12 The virus is essentially transmit- 
ted by Culicoides biting midges among sus- 
ceptible animals, however vertical transmis- 
sion and horizontal transmission have also 
been reported. 2,13,16,21 BTV infection has 
been reported from worldwide including 
tropical, subtropical and some temperate re- 
gions, and the global distribution of the virus 
is consistent with the distribution of compe- 
tent insect vectors and appropriate climatic 
conditions.15 

Among domestic ruminants, clinical BT 
cases mainly occur in sheep. Clinical mani- 
festations of the disease vary widely depend- 
ing on the type and strain of infected virus, 
rearing factors and breed. Other species in- 
cluding cattle and goat are typically asymp- 
tomatic or subclinical, although specific BTV 
strains such as serotype 1 and 8, currently cir- 
culating in Europe, can induce severe disease 
in these animals. 5,10,23 BT in sheep causes se- 
vere hemorrhagic syndrome characterized by 
fever, edema, hemorrhages, dyspnea, muco- 
sal erosions and ulcerations, muscle necrosis, 
and coronitis.6,20These symptoms are gener- 
ally reflect viral kinetics. 

 
After Culicoides insect bites, BTV first repli- 
cates in the regional lymph nodes, then it 
spreads to other organs including lung, lymph 
nodes and spleen. BTV demonstrates a tro- 
pism for a variety of cell types, including 
dendritic cells, mononuclear phagocytic 
cells, activated lymphocytes and endothelial 
cells. 9,11,22 The virus replication in endothe- 
lial cells directory induce degenerate, ne- 
crotic, and hyperplasic changes in the endo- 
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thelium, which result in increased of vascular 
permeability and causing edema, congestion, 
hemorrhage, thrombosis and necrosis. Addi- 
tionally, the inflammatory and vasoactive 
mediators released by BTV infected cells 
have been proposed as responsible for wors- 
ening of endothelial dysfunction and vascular 
damage.14 

 
Pulmonary lesions such as edema and hemor- 
rhage are important change observed in al- 
most all BT in sheep.14 Greater susceptibility 
to BTV replication is reported in endothelial 
cells of respiratory micro-vesicular system.7,8 

Moreover, aspiration pneumonia is fre- 
quently observed as a result of aspiration of 
regurgitated food content followed by paral- 
ysis of the esophagus due to muscle necrosis 
induced by virus induced vascular damage.3 

 
The differential diagnosis of BT in sheep 
should be done in conjunction with other dis- 
eases that cause edema, hemorrhage and epi- 
thelial damage.3 The type of lesion and its 
distribution in affected animals can support 
development of BT diagnosis. The differen- 
tial diagnosis includes foot-and-mouth dis- 
ease, vesicular stomatitis, peste des petits ru- 
minants, contagious ecthyma, sheep pox and 
photosentisation.19,25 The initial lesion of BT 
is similar to foot-and-mouth disease. How- 
ever, foot-and-mouth disease lesions are ve- 
sicular, whereas BT lesions are hemorrhagic 
and edematous. Vesicular stomatitis is also a 

 

Figure 2-4. Esophagus, sheep. There is segmental loss 
of endothelium, multiple non-occlusive thrombi, and 
perivascular hemorrhage within rare vessels in the mus- 
cular layers. (HE, 670X) 

disease that can be mistaken for BT. Since the 
lesion findings are similar to those of foot- 
and-mouth disease, the same criteria can be 
used to make a diagnosis. In the case of peste 
des petits ruminants, extensive gastrointesti- 
nal mucosal lesions are impressive, and may 
be concentrated in lymphoid tissues, such as 
Peyer's patches. In the case of contagious ec- 
thyma and sheep pox, histopathology re- 
vealed proliferative lesion and intracytoplas- 
mic inclusion body in epithelial layers. Pho- 
tosensitization is also included in differential 
diagnosis. The absence of hemorrhage and 
erosions in the oral cavity, in addition to the 
generalized nature of the skin lesions, and 
their association with non-pigmented areas of 
the skin may be helpful for diagnosis. In ad- 
dition, lesions such as myonecrosis in BT 
may mimic nutritional muscular dystrophy 
due to vitamin E and selenium deficiency. It 
is important that the clinical history and le- 
sions be confined to the muscle for the differ- 
ential diagnosis. 

 
Contributing Institution: 
National Institute of Animal Health, 
National Agriculture and Food Research Or- 
ganization (NARO) 
3-1-5 Kannondai, Tsukuba, Ibaraki 3050856, 
Japan 

 
JPC Diagnosis: 
Esophagus: Myocyte degeneration, necrosis, 
and regeneration, circumferential, multifocal 
to coalescing, moderate, with replacement fi- 
brosis and multifocal vasculitis. 

 
JPC Comment: 
The contributor provides an excellent over- 
view of the pathogenesis, clinical signs, and 
differential diagnoses for bluetongue virus 
(BTV) infections. 

 
While phylodynamic models estimate that 
BTV has been circulating in ruminants for 
over a millennium, the first documented 
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cases occurred in South Africa in the nine- 
teenth century, and in 1902, the term malarial 
catarrhal fever was used to describe the dis- 
ease. Once a viral etiology was uncovered in 
1905, the disease became known by its cur- 
rent and similarly descriptive name, which 
denotes the cyanosis most visible on the 
swollen tongue. The disease slowly spread 
through tropical climates during the first half 
of the twentieth century, and has now also 
been reported in Australia, the Americas, 
Asia, and Europe with serious economic con- 
sequences.4 Ongoing geographic spread of 
this arbovirus can be partially attributed to 
changing environmental conditions and sub- 
sequent expansion of the Culicoides vector 
habitat.17,18 

 
BTV is a segmented dsRNA virus that en- 
codes seven structural (VP 1-7) and five non- 
structural (NS 1-4) proteins.17 VP7 is the 
most conserved protein and the basis for most 
seroconversion assays.18 As the contributor 
describes, there are at least 27 serotypes of 
BTV, and this diversity is due to high varia- 
bility of VP2, segment re-assortment during 
infection with multiple strains, and genetic 
drift.17,18 There is little cross-protection be- 
tween serotypes.18 Recently, several atypical 
serotypes of BTV have been identified which 
are associated with asymptomatic to mild in- 
fections in small ruminants only and at least 
one of these serotypes (BTV-25) is associ- 
ated with persistent infection.18 

 
After initial infection, the BTV causes a bi- 
phasic viremia, with the initial spike in viral 
replication reduced by an interferon re- 
sponse.18 BTV affects multiple lymphoid 
populations early during viremia, producing 
transient immunosuppression and increased 
susceptibility to secondary infections.18 Dur- 
ing the second and third week, adaptive im- 
mune responses begin effectively controlling 
infection with expansion of CD8+ T-cells 
and CD21+ B cells inducing seroconversion 

against VP7. In some cases, the virus may 
persist by evading these adaptive immune re- 
sponses. BTV can disrupt the function of fol- 
licular dendritic cells, delaying antibody pro- 
duction by B cells and decreasing T cell re- 
sponsiveness through unknown mecha- 
nisms.18 Ongoing research into BTV dynam- 
ics and immune evasion will be critical in un- 
derstanding and controlling this important 
disease. 

 
Conference participants discussed esopha- 
geal hyperkeratosis and potential causes in 
this case. Orthokeratotic hyperkeratosis in 
the esophagus can occur in an anorectic ani- 
mal as keratinized squamous epithelial cells 
are not removed by passing ingesta.24 Alter- 
natively, parakeratotic hyperkeratosis may 
occur with reactive epithelial hyperplasia 
from epithelial injury.24 
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CASE III: 

 
Signalment: 
10-month-old calf, female, Limousine, Bo- 
vine (Bos taurus taurus). 

 
History: 
A flock of 70 calves enters the feedlot at the 
beginning of August 2020. Soon after, these 
animals began to suffer severe problems 
(such as conjunctivitis, dyspnea and sudden 
deaths) that lasts until November. Before 
death, the animal suffered severe dyspnea for 
a week. 

 
Gross Pathology: 
Lung: cranioventral to caudal chronic, se- 
vere, pulmonary consolidation with multifo- 
cal to coalescing, well-demarcated and varia- 
bly sized pale yellow and slightly raised nod- 
ules (caseonecrotic bronchopneumonia). On 
cut, these lesions with caseous material ex- 
tend through parenchyma and appear within 
distended airways, such in small bronchioles 
and alveoli, accompanied by areas of hemor- 
rhage. Along the dorsal aspect of the lung, 
there was a severe emphysematous distension 
and thickening of lobular septae (interstitial 
emphysema). On cut surfaces, these septae 
appeared thickened and edematous with 
small gas bubbles admixed. 

 
Laboratory Results: 
PCR positive for Mycoplasma bovis. 

See Table 3-1 

Microscopic Description: 
Lung: a lesion of inflammatory origin is dif- 
fusely obliterating respiratory spaces 
throughout the whole section of the lung, 
with extensive multifocally necrotizing coa- 
lescing foci centered mainly in bronchioles 
and alveoli. These foci are composed by an 
eosinophilic material with a mild admixed 
cellular debris delimited by a variable num- 
ber of devitalized leukocytes that maintain 
cellular figures (ghost-like remnants of leu- 
kocytes) and a small number of active mac- 
rophages with scattered lymphocytes and 
some fibroblasts (caseonecrotic centers). 
Other bronchioles and alveoli are obliterated 
by high number of viable neutrophils (initial 
lesions). Sometimes they have multifocal 
mineralized areas and have multiple distrib- 
uted clusters of basophilic cocci to cocco- 
bacilli bacterial colonies mainly at the pe- 
riphery, but also ad mixed with the caseone- 
crotic debris. Occasionally, there are also 
inside, foreign bodies most compatible with 
inhaled vegetable structures or hair. 

 

Figure 3-1. Lung, ox. There is marked consolidation and 
scattered caseonecrotic nodules within all but caudal 
lung fields. (Photo courtesy of: Universidad de Zara- 
goza. Departamento de Patología Animal 
Web: https://patologiaanimal.unizar.es) 
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Sometimes, these exogenous particles con- 
tain bacterial colonies or are mineralized. 
There are small, scattered foci with leukocy- 
tes with streaming hyperchromatic to 
smudgy nuclei fill the alveoli (oat cells) with 
fibrin, edema and necrotic karyorrhectic de- 
bris with no centers of caseous necrosis. 
Main bronchi epithelium is hyperplasic with 
some degenerative changes, individual apop- 
totic cells and mild submucosal lympho- 
plasmacytic infiltrate and reactive BALT. In 
the rest of pulmonary parenchyma alveolar 
septa are thickened by a marked hyperplasia 
of pneumocytes type II, macrophages, neu- 
trophils, red blood cells and some fibrin 

thrombi. Alveolar spaces have areas contain- 
ing eosinophilic and fibrillar agglomerated 
substance (polymerized fibrin) and unsettled 
areas of homogenous eosinophilic clear fluid 
(edema). Others have severely number of 
macrophages sometimes phagocytizing fi- 
brin and occasional multinucleated cell of 2- 
7 nuclei. Some arterioles and small arteries 
within the parenchymal tissue have extended 
walls with muscular layer hypertrophy and fi- 
brin deposition. Other major arteries present 
intraluminal thrombi and some mononuclear 
inflammatory cells. Pleura and pulmonary 
septa around main arteries are distended by 

 
SAMPLE TEST AGENT RESULT 

 
Fresh lung 

Culture and mass spec- 
trometry technology 
(MALDI-TOF) 

Mannheimia haemo- 
lytica 

 
Positive ++ 

 
Fresh lung 

Culture and mass spec- 
trometry technology 
(MALDI-TOF) 

 
Trueperella pyogenes 

 
Positive +++ 

 
Fresh lung 

Culture and mass spec- 
trometry technology 
(MALDI-TOF) 

 
Escherichia coli 

 
Positive +++ 

Pool of 2 samples of 
fresh lung Real time PCR Pestivirus Positive 

Pool of 2 samples of 
fresh lung Real time PCR IBR Positive 

Pool of 2 samples of 
fresh lung Real time PCR Parainfluenza 3 Positive 

Pool of 2 samples of 
fresh lung Real time PCR BRSV Negative 

Pool of 2 samples of 
fresh lung Real time PCR Bovine coronavirus Negative 

Pool of 2 samples of 
fresh lung Real time PCR Mycoplasma bovis Positive 

Pool of 2 samples of 
fresh lung Real time PCR Pasteurella multo- 

cida Positive 

Pool of 2 samples of 
fresh lung Real time PCR Mannheimia haemo- 

lytica Positive 

Pool of 2 samples of 
fresh lung Real time PCR Histophilus somni Negative 

Pool of 2 samples of 
fresh lung Real time PCR Birbestenia trehalosi Negative 

Table 3-1 
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edema and some mononuclear cells that also 
distend some lymphatic vessels. 

 
Contributor’s Morphologic Diagnoses: 
Lung: Severe chronic multifocal to coalesc- 
ing caseonecrotic and necrotic bronchopneu- 
monia with intralesional colonies of bacterial 
cocci. 

 
Lung: Diffuse interstitial pneumonia with 
pneumocytes type II hyperplasia, fibrin and 
interlobular edema. 

 
Contributor’s Comment: 
Mycoplasmas were discovered for the first 
time by the team of Pasteur, Nocard and 
Roux in 1898, when the first report of myco- 
plasmosis was released 35. This mycoplasma 
was isolated from a cattle and was compatible 
with the current Mycoplasma mycoides subsp 
mycoides (formerly known as M. mycoides 
subsp. mycoides ¨small colony¨). At that time 
mycoplasma organisms were known as pleu- 
ropneumonia like-organisms (PPLO) for be- 
ing the causative agent of contagious bovine 
pleuropneumonia (CBPP) 33,35. Nowadays 
these microbes belong to the genus Myco- 
plasma spp. and the class Mollicutes, which 

 
 

Figure 3-2. Lung, ox. On cut section, there is consolida- 
tion (left), áreas of caseating and cavitating necrosis 
(center), and some partially aerated, less affected lung 
(right). (Photo courtesy of: Universidad de Zaragoza. 
Departamento de Patología Animal 
Web: https://patologiaanimal.unizar.es) 

 

 
Figure 3-3. Lung, ox. On gross inspection of caudal lung 
lobes, there is marked interlobular emphysema. (Photo 
courtesy of: Universidad de Zaragoza. Departamento 
de Patología Animal 
Web: https://patologiaanimal.unizar.es) 

 
differ from other bacteria by their small ge- 
nomes (580-2220 Kb) and no cell wall 44. 
Mycoplasmas are highly contagious organ- 
isms and their virulent spread throughout Eu- 
rope and the world during middle 19th cen- 
tury by cattle trade is well documented. The 
infection was controlled by “stamping out” 
policies, persisting in African countries dur- 
ing 20th century 14,36. 

 
Currently Mycoplasma bovis is one of the 
major causative agents of bovine mycoplas- 
mosis 7,8 and is also consider a major player 
in bovine respiratory disease complex (BRD) 
3. It was first isolated in 1961 in the United 
States 13, since then, has been turned to be the 
one of the more pathogenic species of the ge- 
nus Mycoplasma 9. This has not been enough 
to implement restrictions on cattle movement 
related to M. bovis 37. M. bovis has a well- 
known economic, productivity, welfare and 
health impact in dairy and beef cattle world- 
wide 32, particularly on the North America 
and more recently in continental Europe 1. 
This impact is due to the frequent chronicity 
of the infection 10,12,32, the increasingly unre- 
sponsiveness to most treatments due to anti- 
biotic resistance and this chronicity 28,31 and 
the variety of clinical manifestations  includ- 
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ing most commonly bronchopneumo- 
nia2,8,11,16,18,19,42, otitis media16,27, masti- 
tis1,6,8,15,20,32,36,43 and arthritis/tenosynovi- 
tis19,42. Other less consistent manifestations 
include urogenital disorders (metritis, abor- 
tion, infertility, endometritis, salpingitis, re- 
duction of conception rate, seminal vesiculi- 
tis, epididymitis and orchitis in bulls) 6,11,23, 
meningitis4, keratoconjunctivitis 2,29, decu- 
bital abscesses 26 and endocarditis25. 

 
The incubation period is difficult to define 
because it varies with the age and these clin- 
ical and pathological effects 9. The clinical 
expression of these manifestations is highly 
variable and there are individuals without 
clinical symptoms in which the organism is 
isolated from the upper respiratory tract 
(URT). Thus, the presence M. bovis not al- 
ways result in disease 21,32,43. As “Trojan 
horses”, these asymptomatic individuals are 
the leading cause of introduction of M. bovis 
into disease-free herds and the maintenance 
of infection. These animals can shed the bac- 
teria intermittently from a few months to sev- 
eral months or even years 11,32. Probably, this 
particular case and the flock were naïve at the 
moment of entry to the chronic infected feed- 
lot. In fact, stressors related to immunosup- 
pression such as transportation, entry of a 
new animal, overcrowding and weaning in- 
crease the shedding of the bacteria 9,12,32,37. 

 
The mammary gland and the mucosa of the 
upper respiratory tract (URT) have been 

 
 

Figure 3-4. Lung, ox. There is diffuse consolidation of 
the entire section with loss of normal architecture. (HE, 
5X). 

 

 
Figure 3-5.   Lung, ox.  Airways are filled and effaced by 
abundant brightly eosinophilic cellular debris which ex- 
tends through the walls and is contained with multiple 
layers of fibrous connective tissue. (HE, 86X) 

shown to be the most serious sites of persis- 
tence and transmission. It is transmitted 
through secretions of the UPR, through milk, 
from udder to udder, by ingestion and inhala- 
tion of aerosols in the case of the calf and 
through close contact between animals. Infre- 
quently, colostrum, genital secretions, and 
fomites are a source of infection 11,13,21,32,37. 
The possible intrauterine route has also been 
discussed 22. 

 
Endowed with some proposed virulent mech- 
anisms, M. bovis evades the host immune re- 
sponse resulting in chronic infections 9. How- 
ever, the pathogenesis is not fully understood 
and this and other molecular mechanisms in- 
volved are still under study7. Great advances 
have been made in this regard with the im- 
provement of genetic techniques, such as the 
complete sequencing of the M.bovis genome 
34,45. Certain high-frequency rearrangements 
of its genome give it an ability to variably ex- 
press the surface Vsp lipoprotein and avoid 
the host immune response. Other mecha- 
nisms are adhesion to host cells with adhe- 
sins, through surface Vsp, or even metabolic 
enzymes such as a-enolase, NADH oxidase, 
TrmFO protein and the in vitro discovered 
fructose 1,6-biphosphate aldolase and meth- 
ylenetetrahydrofolate-tRNA-(uracil-5-)-me- 
thyltransferase. M. bovis has nucleases (such 
as MBOVPG45, MnuA and 
MBOV_RS02825) that can destroy NETs 
and also cause macrophage apoptosis. Other 
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form of immunologic evasion would be by 
intracellular infection of epithelial cells, red 
blood cells and circulating immune cells 9,37. 
The formation of a protective biofilm con- 
tinue to be studied 9,32,37 and Vsp not only me- 
diates adherence, but strongly induces im- 
mune response through activation of TLR2 
and IL-1β production 9. The production of 
H2O2 as part of its virulence is suspected 9,37. 

 
The most common gross lesions described 
for M. bovis are those observed in this case 
characterized by cranioventral lung consoli- 
dation and multifocal to coalescing caseone- 
crotic nodules that varies from pinpoint to 
several centimeters. They are well-demar- 
cated, coalescing, circular, white, dry, crum- 
bly, bulging from the pleural or cut surfaces 
of the lung. In addition, these nodules are de- 
limited by areas of reddened, collapsed and 
consolidated lung, and the majority of nod- 
ules can be better observed with a cut through 
the parenchyma. Normally, these lesions are 
bilateral and can affect the 20% to 90% of the 
lung in severe cases, extending from cranio- 
ventral lobes to medial and even with relative 
sparing of the caudal and dorsal aspects of the 
caudal lobes. The key feature of this diagno- 
sis is the friable caseous nature of the lesions, 
but sometimes can appeared liquefied with a 
suppurative consistence because secondary 
contamination of nodules with other bacteria 
(such as  Trueperella pyogenes) 11,12.   Occa- 

 
 

Figure 3-6. Lung, ox. In some lobules, effaced airways 
have coalesced in to large foci of necrosis, some of 
which have cavitations within the necrotic debris. (HE, 
21X) 

sionally we can also observe foci of coagula- 
tive necrosis that differ from caseonecrotic 
nodules, because they are irregular in shape, 
red tan, non-friable and not raised 11. The sec- 
ondary interstitial emphysema observed in 
the dorsal aspect of the lung may be associ- 
ated with the “one-way valve effect” of pul- 
monary exudates and/or the high pressure of 
air within the lung caused by the severe dysp- 
nea 30. Infection with M. bovis by itself could 
be involved as a neutrophils elastase has been 
related with emphysema 17,30 and M. bovis 
can induce greater secretion of theses prote- 
ases by neutrophils 24. 

 
Histologic lesions include four main patterns 
of lesions: caseonecrotic bronchopneumonia 
(most common), bronchopneumonia with 
foci of coagulation necrosis, suppurative 
bronchopneumonia without necrosis and 
chronic bronchopneumonia with abscessa- 
tion. Caseonecrotic nodules are distinctive le- 
sions with caseous necrosis that fill small 
bronchioles, alveoli or interlobular septa. As 
we could observed on tissue section, in the 
earliest lesions, leukocytes are within the air- 
ways, but undergo a distinctive form of ne- 
crosis maintaining their ghost-like cellular 
outlines, having hypereosinophilic cytoplasm 
with inapparent or fragmented nuclei. The 
respiratory epithelium appeared eroded and 
this nodules are delimited by layers of ne- 
crotic cells with pyknotic nuclei, macro- 
phages, lymphocytes and fibroblasts 11,12. 

 
Coagulative necrosis could coexist and com- 
plicate lesions. We could observe scattered 
patterns of this necrosis in which bronchiolar 
or alveolar structure remains visible. M. bovis 
could be related with those patterns some- 
times, but they are indistinguishable from 
Mannheimia haemolytica. The suspicion of 
Mannheimia haemolytica coinfection was 
confirmed by PCR and its presence could be 
related with those areas of the so called “oat 
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Figure 3-7. Lung, ox. In larger areas of suppuration, 
there are large colonies of bacilli consistent with 
Trueperella. (HE, 670X) 

 
 

cells”, that are not expected in mycoplasmo- 
sis 11; elongated hyperchromatic cells, with 
the appearance of being perforated and 
smudged. This is a result of the activity of the 
typical ruminant specific Mannheimia hae- 
molytica leukotoxin (Lkt), which induces 
multiple transmembrane pores in the macro- 
phages membrane at a high concentration, 
and induces bovine cells to undergo respira- 
tory burst and release of inflammatory medi- 
ators and cytokines at a sublytic concentra- 
tions 5,40. In fact, bacterial coinfections with 
mycoplasma are common in cases of pneu- 
monia 18,19,32,42 and even otitis 27,32. On one 
occasion, M. bovis was isolated from 82% of 
feedlot calves with fibrinosuppurative pneu- 
monia from which Mannheimia haemolytica 
was isolated. 19,32. Other bacteria such as Pas- 
teurella multocida (isolated in this case) or 
Histophilus somni have been described 
9,13,18,37, so bacterial culture should be done in 
order to identify coinfective organisms. My- 
coplasma exhibits a very slow growth up to 
10 days in culture, which is why PCR is the 
preferred method for confirming the patho- 
gen 36. Concomitant infections with other vi- 
ruses such as bovine viral diarrhea virus 
(BVDV), Infectious bovine rhinothracheitis 
virus (IBRV) and Bovine parainfluenza 3 vi- 
rus (bPI-(3)V) were detected. The relation- 
ships with viral coinfections and Myco- 
plasma is less clear 34, but these and other vi- 
ruses including BRSV (Bovine respiratory 
syncytial virus), bovine adenoviruses (BdVs) 

or bovine coronavirus (BCV) have been iso- 
lated. These viruses have been frequently de- 
tected with M. bovis and their possible syner- 
gistic role in the disease has been extensively 
discussed 
9,10,18,32,37,42. However, it exists some discrep- 
ancies about it 38. 

 
Recently, M. bovis, which had been anecdo- 
tally described in North American bison from 
2000, was finally detected in an outbreak af- 
fecting bisons of all ages. In this case, M. bo- 
vis bison strain (most probably a host- 
adapted variant) showed different genetics to 
that isolated from cattle and, unlike bovines, 
the organism was the primary agent of a pro- 
cess that had a mortality of up to 45% 37,39. 

 
Contributing Institution: 
Universidad de Zaragoza. Departamento de 
Patología Animal 
https://patologiaanimal.unizar.es 

 
JPC Diagnosis: 
Lung: Pneumonia, fibrinosuppurative, case- 
ating and necrotizing, diffuse, severe, with 
bronchiectasis and colonies of coccobacilli. 

 
JPC Comment: 
The contributor provides a thorough report 
on the pulmonary manifestation of Myco- 
plasma bovis as well as the history, virulence 
factors, control, and ongoing research for this 
economically important disease. During the 
conference, the moderator emphasized the 
importance of the mucociliary apparatus in 
protecting the lung and described a list of 
pathogens which can cause dysfunction, in- 
cluding Mycoplasma, Bordetella, viruses, 
and dehydration. Mucociliary apparatus dys- 
function is an important part of the pathogen- 
esis of bovine respiratory disease complex, a 
disease which costs $1B USD annually in the 
United States alone. 
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As the contributor mentions, M. bovis can 
cause a spectrum of diseases, and a brief re- 
view of the other most common manifesta- 
tions is worthwhile. Within the host, Myco- 
plasma bovis bacteremia results in hematog- 
enous spread to other sites and can lead to 
mastitis, otitis, and arthritis.13,32 Mastitis may 
be the result of udder-to-udder transmission 
or spread from other primary sites of infec- 
tion and can affect dairy cows in all life 
stages, including dry cows.32 The infection 
varies from subclinical to severe with multi- 
ple quarters affected and results in fibrino- 
suppurative to caseonecrotic mastitis. 

 
Otitis media due to M. bovis tends to affect 
dairy and beef calves two to four months of 
age.27,32 Infection may be unilateral or bilat- 
eral, and most affected calves have concur- 
rent M. bovis pneumonia. Initial stages are 
characterized by ear pain and head shaking. 
As the disease progresses, animals may be- 
come febrile, and involvement of the facial 
nerve can cause drooping of the ear and pto- 
sis. Severe infections may progress to the in- 
ner ear and possible meninges, resulting in 
dysfunction of the vestibulocochlear nerve 
and glossopharyngeal nerve.32 Histologi- 
cally, the otitis is characterized by suppura- 
tive inflammation with extensive bony ly- 
sis.27 

 
Arthritis due to M. bovis frequently occurs in 
concert with pneumonia or mastitis and is a 
feature of chronic pneumonia and polyarthri- 
tis syndrome (CPPS) described in feedlot cat- 
tle.32 Clinical signs are typical of a septic ar- 
thritis, and large high-movement joints such 
as the hips and stifle tend to be affected. Se- 
vere cases are characterized by fibrinosuppu- 
rative arthritis with synovial hyperplasia, ero- 
sion of articular cartilage, and extension of 
edema, necrosis, and fibrosis into the periar- 
ticular tissues.19,32 

 
References: 

1. Aebi M, Bodmer M, Frey J, Pilo P. 
Herd-specific strains of Mycoplasma 
bovis in outbreaks of mycoplasmal mas- 
titis and pneumonia. Vet Microbiol. 
2012;157:363–368. 

2. Alberti A, Addis MF, Chessa B, et al. 
Molecular and antigenic characteriza- 
tion of a Mycoplasma bovis strain caus- 
ing an outbreak of infectious keratocon- 
junctivitis. J Vet Diagnostic Investig. 
2006;18:41–51. 

3. Arcangioli MA, Duet A, Meyer G, et al. 
The role of Mycoplasma bovis in bovine 
respiratory disease outbreaks in veal calf 
feedlots. Vet J. 2008;177:89–93. 

4. Ayling R, Nicholas R, Hogg R, et al. 
Mycoplasma bovis isolated from brain 
tissue of calves. Vet Rec. 2005;156:391– 
392. 

5. Benz R, Piselli C, Potter AA. Channel 
formation by LktA of Mannheimia (Pas- 
teurella) haemolytica in lipid bilayer 
membranes and comparison of channel 
properties with other RTX-Cytolysins. 
Toxins (Basel). 2019;11:16. 

6. Biddle MK, Fox LK, Evans MA, Gay 
CC. Pulsed-field gel electrophoresis pat- 
terns of Mycoplasma isolates from vari- 
ous body sites in dairy cattle with Myco- 
plasma mastitis. J Am Vet Med Assoc. 
2005;227:455–459. 

7. Bürgi N, Josi C, Bürki S, Schweizer M, 
Pilo P. Mycoplasma bovis co-infection 
with bovine viral diarrhea virus in bo- 
vine macrophages. Vet Res. 2018;49. 

8. Bürki S, Frey J, Pilo P. Virulence, per- 
sistence and dissemination of Myco- 
plasma bovis. Vol. 179, Veterinary Mi- 
crobiology. 2015:8. 

9. Calcutt MJ, Lysnyansky I, Sachse K, 
Fox LK, Nicholas RAJ, Ayling RD. Gap 
analysis of Mycoplasma bovis disease, 
diagnosis and control: An aid to identify 
future development requirements. 
Transbound Emerg Dis. 2018;65. 

25



10. Caswell JL, Williams WJ. Respiratory 
System. In: Maxie GM, ed. Vol. 2, Jubb, 
Kennedy, and Palmer’s pathology of do- 
mestic animals. St. Louis, Missouri: 
Elsevier, Inc; 2016:465–591. 

11. Caswell JL, Archambault M. Myco- 
plasma bovis pneumonia in cattle. Anim 
Heal Res Rev. 2007;8:161–186. 

12. Caswell JL, Bateman KG, Cai HY, Cas- 
tillo-Alcala F. Mycoplasma bovis in res- 
piratory disease of feedlot cattle. Vol. 
26, Veterinary Clinics of North America 
- Food Animal Practice. 2010: 

13. Dudek K, Szacawa E. Mycoplasma bo- 
vis infections: Occurrence, diagnosis 
and control,. Vol. 9, Pathogens. 
2020:640. 

14. Dupuy V, Manso-Silván L, Barbe V, et 
al. Evolutionary history of contagious 
bovine pleuropneumonia using next 
generation sequencing of Mycoplasma 
mycoides Subsp. mycoides ‘Small Col- 
ony’. PLoS One. 2012;7:9. 

15. Fox LK. Prevalence, incidence and risk 
factors of heifer mastitis. Vet Microbiol. 
2009;134:82–88. 

16. Francoz D, Fecteau G, Desrochers A, 
Fortin M. Otitis media in dairy calves: A 
retrospective study of 15 cases (1987 to 
2002). Can Vet J. 2004;45:661–666. 

17. Fujie K, Shinguh Y, Yamazaki A, Hat- 
anaka H, Okamoto M, Okuhara M. Inhi- 
bition of elastase-induced acute inflam- 
mation and pulmonary emphysema in 
hamsters by a novel neutrophil elastase 
inhibitor FR901277. Inflamm Res. 
1999;48:160–167. 

18. Fulton RW, Blood KS, Panciera RJ, et 
al. Lung pathology and infectious agents 
in fatal feedlot pneumonias and relation- 
ship with mortality, disease onset, and 
treatments. J Vet Diagnostic Investig. 
2009;21:464–477. 

19. Gagea MI, Bateman KG, Shanahan RA, 
et al. Naturally occurring Mycoplasma 

bovis-associated pneumonia and poly- 
arthritis in feedlot beef calves. J Vet Di- 
agnostic Investig. 2006;18:29–40. 

20. Hale HH, Helmboldt CF, Plastridge 
WN, Stula EF. Bovine mastitis caused 
by a Mycoplasma species. Cornell Vet. 
1962 Oct;52:582–591. 

21. Hazelton MS, Sheehy PA, Bosward KL, 
et al. Short communication: Shedding of 
Mycoplasma bovis and antibody re- 
sponses in cows recently diagnosed with 
clinical infection. J Dairy Sci. 
2018;101:584–589. 

22. Hermeyer K, Peters M, Brügmann M, 
Jacobsen B, Hewicker-Trautwein M. 
Demonstration of Mycoplasma bovis by 
immunohistochemistry and in situ hy- 
bridization in an aborted bovine fetus 
and neonatal calf. J Vet Diagnostic In- 
vestig. 2012;24:364–369. 

23. Hirth RS, Nielsen SW, Plastridge WN. 
Bovine Salpingo-oophoritis Produced 
with Semen Containing a Mycoplasma. 
Vet Pathol. 1966;3:616–632. 

24. Jimbo S, Suleman M, Maina T, Prysliak 
T, Mulongo M, Perez-Casal J. Effect of 
Mycoplasma bovis on bovine neutro- 
phils. Vet Immunol Immunopathol. 
2017;188:27–33. 

25. Kanda T, Tanaka S, Suwanruengsri M, 
et al. Bovine Endocarditis Associated 
with Mycoplasma bovis. J Comp Pathol. 
2019;171. 

26. Kinde H, Daft BM, Walker RL, Charlton 
BR, Petty R. Mycoplasma bovis associ- 
ated with decubital abscesses in Holstein 
calves. J Vet Diagnostic Investig. 
1993;5:194–197. 

27. Lamm CG, Munson L, Thurmond MC, 
Barr BC, George LW. Mycoplasma oti- 
tis in California calves. J Vet Diagnostic 
Investig. 2004;16:397–402. 

28. Ledger L, Eidt J, Cai HY. Identification 
of antimicrobial resistance-associated 
genes through whole genome sequenc- 
ing of mycoplasma bovis isolates with 

26



different antimicrobial resistances. 
Pathogens. 2020;9:588. 

29. Levisohn S, Garazi S, Gerchman I, 
Brenner J. Diagnosis of a mixed myco- 
plasma infection associated with a se- 
vere outbreak of bovine pinkeye in 
young calves. J Vet Diagnostic Investig. 
2004;16:579–581. 

30. López A, Martinson SA. Respiratory 
System, Mediastinum, and Pleurae. In: 
Zachary FJ, ed. Pathologic Basis of Vet- 
erinary Disease Expert Consult. St. 
Louis, Missouri: Elsevier Inc.; 
2017:471–560. 

31. Lysnyansky I, Ayling RD. Mycoplasma 
bovis: Mechanisms of resistance and 
trends in antimicrobial susceptibility. 
Front Microbiol. 2016;7. 

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

33. Morowitz HJ. When PPLO became my- 
coplasma. American Scientist. 
2011;99:102–105. 

34. Nicholas RAJ. Bovine mycoplasmosis: 
Silent and deadly. Vet Rec. 
2011;168:459–462. 

35. Nocard, Roux. The microbe of pleuro- 
pneumonia. Clin Infect Dis. 
1990;12:354–358. 

36. Parker AM, Sheehy PA, Hazelton MS, 
Bosward KL, House JK. A review of 
mycoplasma diagnostics in cattle. Vol. 
32, Journal of Veterinary Internal Med- 
icine. 2018: 

37. Perez-Casal J. Pathogenesis and Viru- 
lence of Mycoplasma bovis. Vet Clin 
North Am - Food Anim Pract. 
2020;36:269–278. 

38. Prysliak T, Van Der Merwe J, Lawman 
Z, et al. Respiratory disease caused by 
Mycoplasma bovis is enhanced by expo- 
sure to bovine herpes virus 1 (BHV-1) 
but not to bovine viral diarrhea virus 
(BVDV) type 2. Can Vet J. 2011;52. 

39. Register KB, Olsen SC, Sacco RE, et al. 
Relative virulence in bison and cattle of 
bison-associated genotypes of Myco- 
plasma bovis. Vet Microbiol. 
2018;222:55–63. 

40. Singh K, Ritchey JW, Confer AW. 
Mannheimia haemolytica: Bacterial- 
host interactions in bovine Pneumonia. 
Vet Pathol. 2011;48:338–348. 

41. Stalheim OHV, Page LA. Naturally oc- 
curring and experimentally induced my- 
coplasmal arthritis of cattle. J Clin Mi- 
crobiol. 1975;2:165–168. 

42. Stipkovits L, Ripley P, Varga J, Pálfi V. 
Clinical study of the disease of calves as- 
sociated with Mycoplasma bovis infec- 
tion. Acta Vet Hung. 2000;48. 

43. Thomas A, Ball H, Dizier I, et al. Isola- 
tion of Mycoplasma species from the 
lower respiratory tract of healthy cattle 
and cattle with respiratory disease in 
Belgium. Vet Rec. 2002;151:472–476. 

44. Weisburg WG, Tully JG, Rose DL, et al. 
A phylogenetic analysis of the myco- 
plasmas: Basis for their classification. J 
Bacteriol. 1989;171:6455–6467. 

45. Wise KS, Calcutt MJ, Foecking MF, et 
al. Complete genome sequence of My- 
coplasma bovis type strain PG45 (ATCC 
25523). Vol. 79, Infection and Immunity. 
2011:982–983. 

 
CASE IV: 

 
Signalment: 
6-month-old, Aberdeen-Angus bull calf (Bos 
taurus or domesticus) 

 
History: 
The clinical signs prior to death included di- 
arrhea, snotty nose, and a low body tempera- 
ture (99-100 F˚). The calf had been vac- 
cinated 2 weeks prior with a vaccine contain- 
ing a modified-live Bovine Viral Diarrhea 
Virus (BVDV). 
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Figure 4-1. Esophagus, ox. There are multifocal to co- 
alescing, approximately linear erosions/ulcers widely 
disseminated on the esophageal mucosa. (Photo cour- 
tesy of: Veterinary Diagnostic Laboratory, University of 
Minnesota, www.vdl@umn.edu) 

 
Gross Pathology: 
Alimentary system – At the rostral aspect of 
the hard palate and at the margins of the buc- 
cal mucosa, there were multifocal to coalesc- 
ing, 5-10mm diameter, dark red, slightly de- 
pressed regions with partial to complete loss 
of the mucosa (erosions and ulcers) as well as 
multifocal pinpoint erosions/ulcers at the 
junction of the hard and soft palate. There 
were numerous, multifocal to coalescing, ap- 
proximately linear, 1-3mm x 5-10mm, 
slightly depressed erosions/ulcers that were 
widely disseminated along the entire length 
of the mucosal aspect of the esophagus. The 
abomasal mucosa was diffusely red with nu- 
merous, 2-5mm dark red to black erosions/ul- 
cers widely disseminated throughout the mu- 
cosal surface affecting approximately 20- 
30% of the surface area. The small intestinal 
mucosa was reddened. Multifocally and 
widely disseminated throughout the mucosal 
surface of the small intestine, there were 
small numbers of 3mm diameter, black foci. 
The colonic and rectal mucosa had multiple 
red approximately linear regions. There was 
a large amount of soft to watery intestinal 
contents. 

 
Laboratory Results: 
Molecular Diagnostics: Tissue homogenate 
was positive for BVDV by PCR. 

Microscopic Description: 
Esophagus – Multifocally, there is partial to 
complete loss and sloughing of the epithe- 
lium (erosion and ulceration) with replace- 
ment by necrotic cellular debris, few neutro- 
phils, a small amount of fibrin, few erythro- 
cytes, and occasional bacterial colonies. The 
adjacent epithelial cells are often swollen and 
pale (ballooning degeneration) or are 
shrunken, deeply eosinophilic with pyknotic 
to karyorrhectic nuclei (necrosis). Multifo- 
cally in other regions, the epithelium is de- 
generate to necrotic. There are small numbers 
of neutrophils infiltrating the remaining epi- 
thelium (transmigration) and occasionally 
extending into the underlying submucosa 
forming microabscesses. The mucosal and 
submucosal blood vessels are congested. 

 
Contributor’s Morphologic Diagnosis: 
Esophagus – necroulcerative esophagitis, 
multifocal to coalescing, marked, acute with 
few neutrophils and rare microabscesses. 

 
Contributor’s Comment: 
Bovine viral diarrhea virus (BVDV) is an 
RNA virus that most commonly causes dis- 
ease in cattle, but it, or closely related viruses, 
can infect most even-toed ungulates includ- 
ing swine and camelids. 14 BVDV (BVDV-1 
and BVDV-2) is in the genus Pestivirus (fam- 

 

Figure 4-2. Hard palate, ox. Within the oral cavity, 
there were multifocal to coalescing erosions/ulcers on 
the hard palate, buccal mucosa, and extending into the 
soft palate. (Photo courtesy of: Veterinary Diagnostic 
Laboratory, University of Minnesota, 
www.vdl@umn.edu) 
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ily Flaviviridae) which also includes Classi- 
cal swine fever virus and Border disease vi- 
rus.14 BVDV has two biotypes including 
both a noncytopathic (NCP) and cytopathic 
(CP) form.14 Additionally, there is a more re- 
cently identified species of pestivirus which 
has been classified as BVDV-3, also known 
as HoBi-like or atypical pestivirus.14 

 
There are multiple varying clinical presenta- 
tions of BVDV in juvenile to adult cattle 
ranging from mild clinical signs (fever, 
anorexia, lethargy) to severe clinical signs 
and death.14 A severe acute form of BVDV 
is termed BVD type 2 (often caused by 
BVDV-2) and presents with a fever, sudden 
death, diarrhea, or pneumonia.14 A thrombo- 
cytopenic form of BVDV has been de- 
scribed.14 These varying forms are not mutu- 
ally exclusive and often present with overlap. 
Fetal infections, which vary clinically by 
time of gestation, can occur when an immu- 
nocompetent, seronegative dam is infected. If 
the dam is infected during approximately the 
first 4 months of gestation by a NCP form of 
BVDV that crosses the placenta, the fetus 
may die leading to resorption, mummifica- 
tion, abortion, develop congenital abnormal- 
ities, or survive leading to birth of a persis- 
tently infected (PI) calf (typically 42-125 
days gestation).8,14,16 

 
 

Figure 4-3. Abomasum, ox. There were multifocal dark 
red to black erosions/ulcers widely disseminated 
throughout the abomasal mucosa. (Photo courtesy of: 
Veterinary Diagnostic Laboratory, University of Minne- 
sota, www.vdl@umn.edu) 

 

 
Figure 4-4. Esophagus, ox. Esophagus – Focally, there 
is loss of the epithelium (ulceration) with replacement 
by a small amount of cellular debris and few bacteria. 
There is degeneration and necrosis of the adjacent epi- 
thelial cells with infiltration by few neutrophils. (Photo 
courtesy of: Veterinary Diagnostic Laboratory, Univer- 
sity of Minnesota, www.vdl@umn.edu) (HE 200X) 

 
At birth PI calves can appear completely nor- 
mal or have non-specific clinical signs (poor 
doing, rough hair coat), or are undersized. PI 
calves remain viremic throughout life and 
shed large amounts of virus.14 Due to the 
timeframe of fetal infection and immune sys- 
tem development, these calves are seronega- 
tive but antigen positive, and viral antigen 
can be identified with immunohistochemistry 
in a variety of tissues.14 PI calves must be dif- 
ferentiated from acutely infected calves by 
the absence of lesions in the presence of anti- 
genic positivity.14 PI calves are vulnerable to 
mucosal disease.14 

 
Mucosal disease is a syndrome whereby PI 
calves become infected with a CP biotype 
that is similar to the NCP biotype of original 
fetal infection or when the NCP biotype of 
the persistent infection mutates.14 Evidence 
has shown that vaccination with a modified- 
live BVDV can also lead to mucosal disease 
in PI calves.14 Due to the immunotolerance 
created by the timing of the fetal infection, 
the calf is unable to elicit an immune re- 
sponse to the CP BVDV leading to an over- 
whelming infection and destruction of muco- 
sal epithelial cells.8,14,16 
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Histopathologic features of mucosal disease 
and acute BVDV include epithelial necrosis 
with erosions and ulcerations throughout the 
alimentary tract often including esophagus, 
rumen, reticulum, abomasum, and intestine.14 

The most characteristic histopathologic fea- 
tures of BVDV are found in the intestine and 
include destruction of the crypts of 
Lieberkühn with luminal dilation by mucus 
along with lysis of the Peyer’s patches and 
associated overlying  mucosal  inflamma- 
tion.14 Differential etiologies for the histo- 
logic findings of epithelial necrosis with ero- 
sions and ulceration in the alimentary tract in- 
clude malignant catarrhal fever, rinderpest, 
and vesicular diseases; however, the intesti- 
nal changes are only similar in rinderpest.8,14 

Osteopetrosis has also been identified in PI 
calves.15 

 
Due to the economic importance of BVDV, 
there have been a few recent studies com- 
pleted to streamline diagnosis and understand 
pathogenesis and lesions. As PI animals are 
the main concern for spread of disease, better 
detection strategies for rapid identification 
were warranted. According to Brodersen, the 
use of ear notches with immunohistochemis- 

 

Figure 4-5. Esophagus, ox. Esophagus – The epithelial 
cells are degenerate to necrotic with infiltration and 
transmigration of few neutrophils. (Photo courtesy of: 
Veterinary Diagnostic Laboratory, University of Minne- 
sota, www.vdl@umn.edu) (HE 400X) 

 

 
Figure 4-6. Esophagus, ox. There is sloughing of the ep- 
ithelium. There is epithelial infiltration by few neutro- 
phils and superficial bacterial colonies. (Photo courtesy 
of: Veterinary Diagnostic Laboratory, University of Min- 
nesota, www.vdl@umn.edu) (HE 400X) 

 
try has enabled quick identification of PI an- 
imals to assist with on-farm control strate- 
gies.4 As previously described, mucosal dis- 
ease typically affects the entire alimentary 
tract; however, a recent report describes a 
mucosal disease outbreak with lesions re- 
stricted to the upper alimentary tract and skin 
(interdigital) with no lesions in the intestine, 
which may pose a challenge when differenti- 
ating from vesicular diseases.3 In order to 
more fully understand the pathogenesis of 
mucosal disease, varying apoptotic pathways 
were evaluated by Hilbe et al.10 It was found 
that caspase-3 and caspase-9 (intrinsic path- 
way) are more strongly expressed in mucosal 
disease lesions while caspase-8 (extrinsic 
pathway) was not.10 

 
Contributing Institution: 
Veterinary Diagnostic Laboratory, Univer- 
sity of Minnesota, www.vdl@umn.edu 

 
JPC Diagnosis: 
Esophagus: Esophagitis, ulcerative, acute, 
multifocal. 

 
JPC Comment: 
Bovine viral diarrhea was first described as a 
new disease of cattle in 1946 by researchers 
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in New York. Subsequent work in cell cul- 
tures allowed for isolation of the virus and 
vaccine development in the 1960s.6 The pro- 
clivity of the virus to survive in culture and 
the spread of the infection in pregnant cows 
lead to contamination of numerous ruminant 
cell cultures uncovered in the 1980s. Viral 
contamination of cell cultures can occur 
through the addition of infected fetal bovine 
serum or, less commonly, by using infected 
bovine fetal tissue for the initial culture.2,9 

Such viral contamination compromises re- 
search studies and in several instances has led 
to contamination of vaccine stocks in both 
veterinary patients and humans. Early po- 
liovirus vaccines produced on rhesus monkey 
kidney cell cultures were contaminated with 
simian polyomavirus SV40, a virus endemic 
to rhesus macaques and carcinogenic in hu- 
mans.5 This led to widespread exposure of 
the human population between 1955 and 
1963 and even later in some countries. Strict 
controls on international trade have been im- 
plemented and new improved protocols re- 
quire irradiation of serum prior to addition to 
cell cultures.9 Additionally, technological ad- 
vances now allow for detection and sequenc- 
ing of all nucleic acids within a culture.9 It 
was through these detection methods that 
HoBi-like pestivirus (HoBiPeV) was first 
identified in 2004 when it was isolated from 
contaminated bovine fetal serum from Bra- 
zil.11 

 
As the contributor described, bovine viral di- 
arrhea virus has two traditional genotypes, 
BVDV-1 and BVDV-2. HoBiPeV can cause 
the produce the same spectrum of disease as 
the typical BVDV genotypes and has now 
been reported in South America, Europe, and 
Asia.1,11 In a recent report of HoBi-like pes- 
tivirus in feedlot steer in Argentina, the virus 
was associated with bronchointerstitial pneu- 
monia in one animal and fibrinosuppurative 
bronchopneumonia in another animal coin- 
fected with Mannheimia hemolytica.11 This 

report is suggestive of HoBiPeV’s role in de- 
velopment of bovine respiratory disease com- 
plex, similar to that of BVDV. This study also 
demonstrated HoBiPeV’s potential cross-re- 
activity against BVDV immunohistochemi- 
cal stains, which is attributed to the highly- 
conserved viral glycoprotein GP48 present in 
all three species. Current antigenic and sero- 
logic tests are less or ineffective at detecting 
HoBiPeV, and there is limited cross protec- 
tion between strains in commercially availa- 
ble BVDV vaccines.7,11 

 
Since 2000, the list of known pestiviruses has 
grown to include several additional patho- 
gens of cloven-hoofed animals, including 
atypical porcine pestivirus and Bungowan- 
nah virus in pigs, Aydin-like pestivirus in 
sheep and goats, and pronghorn antelope vi- 

 
 

 
Figure 4-7. Esophagus, ox There is strong intracytoplas- 
mic BVDV immunoreactivity of numerous epithelial 
cells and few inflammatory cells within an affected re- 
gion of esophagus (Photo courtesy of: Veterinary Diag- 
nostic      Laboratory,      University      of       Minnesota, 
www.vdl@umn.edu) (anti-BVDV, 400X) 
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rus. Additionally, a number novel pestivi- 
ruses of questionable pathogenicity have 
been isolated from non-ungulate species, in- 
cluding pangolins, rodents, bats, and harbor 
porpoises.12 With this growing list, there is a 
proposed revision of Pestivirus taxonomy, 
with each species denoted by a single letter. 
Under the new taxonomy, BVDV-1 is desig- 
nated Pestivirus A, BVDV-2 is Pestivirus B, 
and HoBiPeV is Pestivirus H.13 
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WSC 2022-2023 Self-assessment. 
Conference 1  

 

1.  True or false?  All cases of ovine pulmonary carcinoma caused by retrovirus eventually become 
clinical. 

a. True 
b. False 

 
 

2. Which is the most common cause of spread of ovine pulmonary adenocarcinoma in sheep? 
a. Colostrum 
b. Biting insects 
c. Traumatic inoculation 
d. Respiratory droplet transmission from close contact 

 
3.  Which of the following is the vector for bluetongue in sheep? 

a. Ticks 
b. Mosquitoes 
c. Snails 
d. Biting midges 

 
4. In the ox, a site of persistence and transmission of Mycoplasma bovis is: 

a. Lower respiratory tract 
b. Tonsils 
c. External ear 
d. Mammary gland 

 
5. True or false.  Mucosal disease is initiated by the infection of a bovine fetus between 42 and 125 

with a cytopathic strain of bone pestivirus.? 
a. True 
b. False 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
A three-year-old female pot-bellied pig (Sus 
scrofa domesticus) 

 
History: 
Two-week history of intermittent pelvic limb 
lameness and abnormal mentation. Brought 
to the Veterinary Teaching Hospital unable to 
ambulate in rear. Neuro exam w/CT scan in- 
dicated multiple cerebellar masses. Owner 
elected euthanasia due to deteriorating neuro- 
logical condition of patient and poor progno- 
sis. 

 
Gross Pathology: 
Brain: The gyri and sulci are flattened 
throughout the cerebrum. When removed the 
cerebrum leaks a large amount of clear cere- 
brospinal fluid and the cerebrum flattens. The 
cerebellum is cone-shaped and pushed out 
the foramen magnum. The vermis is flattened 
and has loss of detail. After fixation the brain 
is sectioned. The lateral ventricles are se- 
verely dilated and the gray and white matter 
of the cerebrum compressed. There are sev- 
eral pale tan nodules that distort the cerebel- 
lum. 

Laboratory Results: 
Scrolls were cut from formalin-fixed, paraf- 
fin embedded blocks of cerebellum. DNA 
was extracted using the Qiagen QIAmp DNA 
FFPE Tissue kit according to the manufac- 
turer’s directions. Extracted DNA was am- 
plified using forward and reverse primers for 
the 16S-23S rRNA gene spacer as published.1 

The amplicon was submitted for Sanger se- 
quencing with the product submitted for a 
BLAST search. The sequence had highest 
identity (99.63%) with Mycobacterium 
avium subsp. hominissuis. 

 
Microscopic Description: 
Cerebellum: The cerebellar gray and white 
matter are effaced by large, unencapsulated, 
compressive nodules composed of large 
numbers of epithelioid macrophages and 
multinucleate giant cells with peripheral nu- 
clei. There are smaller numbers of neutro- 
phils, lymphocytes and eosinophils scattered 

 
Figure 1-1. Cerebellum, pig. Approximately 50% of the 
cerebellar architecture is effaced by a large inflamma- 
tory exudate. (HE, 3X) 
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Figure 1-2. Cerebellum, pig. The inflammatory focus is composed of innumerable epithelioid macrophages and multinucle- 
ated giant cell macrophages. (HE, 283X) 

 

within the nodules. Some of the larger cells 
have slight heterogeneity of the eosinophilic 
cytoplasm. Staining with acid fast stain re- 
veals large numbers of bacilli with in the cy- 
toplasm of macrophages and multinucleate 
giant cells. Large clusters of lymphocytes and 
plasma cells surround medium-caliber blood 
vessels. 

 
Contributor’s Morphologic Diagnoses: 
Brain: 

1. Granulomas, multifocal, chronic, se- 
vere, cerebellum with intralesional 
acid fast bacteria 

2. Hydrocephalus, diffuse, severe with 
cerebellar coning 

 
Contributor’s Comment: 
At the time of necropsy, cerebellar neoplasia 
was the primary differential based on MRI 
and gross findings of space occupying 
masses that compressed cerebral spinal fluid 
flow and led to secondary hydrocephalus. On 
histologic review, granulomatous inflamma- 
tion was identified and slight granularity of 
the cytoplasm of epithelioid macrophages 

and multinucleate giant cells suggested intra- 
cellular organisms. Small bacilli consistent 
with mycobacteria were confirmed with acid- 
fast staining. Because there was no fresh tis- 
sue for culture, the organisms were identified 
using PCR and Sanger sequencing.7 Myco- 
bacterium avium subsp. hominissuis was 
identified. Deep sequencing was attempted, 
but host nucleic acid predominated and no 
reads corresponding to mycobacteria were 
identified. 

 
Mycobacteria are acid-fast, non-motile, non- 
spore forming, intracellular, aerobic bacilli. 
Mycobacterium avium subsp. hominisuis is a 

 

Figure 1-3. Cerebellum, pig. At the advancing edge of 
the focus of granulomatous inflammation, macro- 
phages, lymphocytes, and plasma cells, in varying con- 
centrations, expanded the perivascular space. (HE, 
347X) 
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Figure 1-4. Cerebellum, pig. An acid-fast stain demon- 
strates innumerable bacilli in macrophages. (Fite-Far- 
aco, 400X) 

member of the M. avium complex (MAC) as 
compared to other mycobacteria in the M. tu- 
berculosis complex with members such as M. 
bovis, M. tuberculosis, and M. microti. MAC 
is primarily composed of M. avium subspe- 
cies and M. intracellulare and are commonly 
found in fresh and salt water as well as soil.9 

Infections are typically associated with im- 
munocompromise in the mammalian host and 
are typically not contagious. M. avium sub- 
species hominissuis is most frequently iso- 
lated from humans and pigs as suggested by 
the nomenclature. 

 
While reports of mycobacterial lymphadeni- 
tis are common and worldwide,9 to our 
knowledge, the only report of mycobacterio- 
sis in pot-bellied pigs is a single case report 
of M. kansasii, another member of MAC.8 

That case report, as well as reports in other 
porcine species, typically present as dissemi- 
nated disease with colonization and inflam- 
mation most prominent in lung and lymph 
nodes.3 This case is unusual in that the gran- 
ulomas and organisms were only identified in 
the cerebellum without lymphadenitis or le- 
sions in thoracic or abdominal tissues. There 
was no indication of underlying disease or 
immunocompromise. 

 
Contributing Institution: 
Virginia Maryland College of Veterinary 
Medicine. 

205 Duck Pond Dr 
Blacksburg, VA 24061 
https://vetmed.vt.edu/departments/biomedi- 
cal-sciences-and-pathobiology.html 

 
JPC Diagnosis: 
Cerebellum: Meningoencephalitis, granu- 
lomatous, multifocal to coalescing, severe, 
with innumerable intrahistiocytic bacilli. 

 
JPC Comment: 
Conference participants discussed differen- 
tials for granulomatous disease in this case, 
including mycobacterial and fungal infec- 
tions. During the pre-conference lecture, the 
moderator, LTC Erica Barkei, described a 
case of Mycobacterium tuberculosis she di- 
agnosed in a rhesus macaque; the paucibacil- 
lary lesions in that case provided a striking 
contrast to the abundant acid fast bacteria in 
the multibacillary granulomas seen in this 
case. The moderator explained that the my- 
colic acid within cell walls impart the acid- 
fast character of mycobacteria, though they 
can also be weakly gram-positive, as demon- 
strated with B&H staining in this case. 

 
Bacteria of the family Mycobacteriaceae 
may be classified according to the spectrum 
of disease they cause or their ability to grow 
in culture. The tuberculous group is com- 
posed of closely related zoonotic obligate 
pathogens M. tuberculosis, M. bovis, and M. 
microti.5,6 Tuberculous mycobacteria elicit a 

 

 

Figure 1-5. Cerebellum, pig. There are numerous dilated 
myelin sheaths, spheroids, and Gitter cells in the white 
matter at the advancing edge of the inflammatory fo- 
cus. (PAS, 40X) 
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Figure 1-6. Cerebellum, pig. Vessels within the cerebellar 
folia, primarily in the molecular layer, but also in the me- 
ninges contain luminal or mural crystalline mineral. (HE, 
156X) 

Th1 response, where interferon gamma stim- 
ulates cell mediated immunity and the in- 
creased bactericidal activity of macrophages 
results in few bacteria within lesions. IFN- 
gamma also leads to secondary tissue dam- 
age, with granuloma formation or potentially 
caseous necrosis.2 

 
Another group of obligate pathogens is the 
leprosy group, which includes M. lepraemu- 
rium and M. visibilis.5 In humans, leprosy 
may incite a tuberculoid (Th1) response, as 
previously described, or a lepromatous re- 
sponse, in which there is a weak Th1 re- 
sponse and variable Th2 response. In these 
cases, there is weak cell-mediated immunity, 
abundant bacteria within lesions, and poten- 
tial production of non-protective antibodies 
which lead to antigen-antibody complex dep- 
osition.2 

 
The nontuberculous group includes, among 
others, the M. avium complex (MAC) with 
subspecies avium, sylvaticum, paratubercu- 
losis, and hominissuis.1 As the contributor 
mentioned, MAC bacteria are environmental 
opportunistic pathogens and infection is gen- 
erally localized to the skin unless there is con- 
current immunocompromise.5 MAC bacteria 
grow slowly in culture but lesions in animals 
contain generally contain abundant bacteria.5 

Other nontuberculous mycobacteria which 
grow rapidly in culture can cause atypical 

mycobacteriosis, particularly in cats. The le- 
sions similarly depend on the immune status 
of the animal and vary from chronic pannicu- 
litis, granulomatous pneumonia, to systemic 
disease in immunosuppressed animals.5 Few 
bacteria are found within the lesions of atyp- 
ical mycobacteriosis.5 

 
In general, poultry and swine are considered 
more susceptible to MAC, whereas dogs, 
cats, and domestic rabbits are more re- 
sistant.1,3 Literature on primary M. avium 
hominissuis (MAH) in domestic animals is 
sparse; however a couple of recent reports 
have described MAH infection in a cat and a 
rabbit without evidence of underlying immu- 
nosuppression. The feline case involved a 
young cat with chronic neurologic signs, 
pyogranulomatous meningoencephalitis, and 
generalized granulomatous lymphadenitis 
with abundant acid-fast bacteria found in 
multiple organ systems.4 The rabbit had a fo- 
cal fibrinonecrotic ulceration within the ce- 
cum characterized by granulomatous inflam- 
mation, multinucleated giant cells, and intra- 
and extra-cellular acid-fast bacteria.1 Granu- 
lomatous inflammation was also observed in 
the spleen, liver, lungs, and cecal lymph 
node, and only the enlarged cecal lymph node 
contained bacteria, which were scant. In both 
the cases, M. avium subsp. hominissuis was 
identified.1,4 
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CASE II: 

 
Signalment: 
11-yr-old, F/S, Canine, Labrador cross 

 
History: 
The dog was diagnosed with suspected im- 
mune-mediated keratitis 2 months prior. The 
dog did very well with treatment for 1.5 
months but developed prominent thickening 
of the scleral wall and infiltrative keratitis lat- 
erally. A computed topography (CT) scan 

 

 
 

Figure 2-1. Globe, dog. A tangential section of the globe 
is presented for examination, with one iris leaflet, one 
fragment of the lens, no retina, and no optic nerve pre- 
sent in the section. There is an inflammatory exudate 
within the cornea, uvea, choroid, and sclera, and a 
hemorrhagic inflammatory within the anterior seg- 
ment. (HE, 5X) 

 
also showed severe thickening of the scleral 
wall without extraorbital irregularities. Due 
to pain, blindness and now a failure to re- 
spond to treatment, enucleation was per- 
formed. 

 
Gross Pathology: 
The right eye was submitted, and no obvious 
mass was observed in parasagittal bisections. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Right eye: The corneal stroma is infiltrated 
by large numbers of lymphocytes and plasma 
cells with fewer neutrophils, small amounts 
of extracellular melanin pigment and scat- 
tered melanophages. The stroma has signifi- 
cant corneal neovascularization, and at the 
limbus, some corneal epithelial cells have in- 
traepithelial melanin pigment. The remainder 
of the corneal epithelium is irregularly hyper- 
plastic or eroded, and there are small numbers 
of interepithelial neutrophils and scattered 
apoptotic epithelial cells. The sclera is mark- 
edly thickened and broadly infiltrated by 
abundant macrophages, neutrophils, plasma 
cells, and lymphocytes accompanied by 
small amounts of necrotic cellular debris and 
many, large lymphoid aggregates. The scleral 
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collagen is separated in areas (collagenoly- 
sis). The basement membrane separating the 
choroid and sclera is often obscured by in- 
flammation, which extends into the choroid 
and vitreous chamber, and aggregates of mel- 
anocytes infiltrate the sclera. Multifocal scle- 
ral vessel walls are infiltrated by the inflam- 
mation (vasculitis), and one vessel is filled 
with organized fibrin (thrombus). The retina 
is detached, but obvious tomb-stoning of un- 
derlying pigmented epithelium is not appar- 
ent (possible artifactual retinal detachment). 
In addition to abundant large foamy macro- 
phages and neutrophils within the vitreous 
chamber, there are also aggregates of eryth- 
rocytes, fibrin and flocculent eosinophilic 
material. The iris and ciliary body are ex- 
panded by similar inflammation and the ante- 
rior iris epithelium is covered by a 2-5 cell 
layer thick fibrovascular membrane (pre- 
iridal fibrovascular membrane), which is ad- 
hered to the cornea (anterior synechia) and 
spreads across the entirety of Descemet’s 
membrane. Additionally, the posterior iris is 
adhered to the lens (posterior synechia; lens 
is not within provided sections). The irido- 
corneal filtration angle and uveal trabecular 
meshwork are unapparent due to the anterior 
synechiae, and infiltration by inflammatory 
cells. The conjunctival propria has multifocal 
to coalescing aggregates of lymphocytes and 
plasma cells, generally superficial and peri- 
adnexal. 

 
Special stains: No organisms were detected 
in serial sections stained with Fite's acid fast 
or Grocott's methenamine silver stains. 

 
Contributor’s Morphologic Diagnoses: 
1. Scleritis, histiocytic, neutrophilic, lym- 

phoplasmacytic and necrotizing, chronic, 
severe, with vasculitis, choroiditis, en- 
dophthalmitis, anterior uveitis, anterior 
and posterior synechiae, and closure of 
the iridocorneal filtration angle 

2. Keratitis and conjunctivitis, lympho- 
plasmacytic, chronic, moderate, with cor- 
neal erosion and neovascularization 

 
Contributor’s Comment: 
The histologic features are compatible with 
granulomatous/necrotizing scleritis. Not all 
submitted slides show all the histologic 
changes (e.g. retina and lens are absent in 
most slides), and the audience is urged to fo- 
cus on the scleral, corneal and uveal changes. 

 
Idiopathic necrotizing/ granulomatous scleri- 
tis is a condition manifested as a bilateral, 
progressive, inflammatory disease of the 
sclera and cornea that induces significant 
uveitis, most commonly in dogs, but has been 
diagnosed in a cat and 2 birds.4,5 Grossly, the 
affected area of sclera is usually thickened 
and solid white, representing the granuloma- 
tous infiltrate. The histologic lesions of gran- 
ulomatous scleritis are characterized by vas- 
culitis, collagen degeneration/collagenolysis, 
granulomatous inflammation (histiocytes/tis- 
sue macrophages) and perivascular lympho- 
plasmacytic aggregation.2,4,5 There may be a 
suppurative component, or in chronic scleri- 
tis, a lymphoplasmacytic component may 
predominate. Less commonly, the sclera may 
be thin and have dramatic staphylomas asso- 
ciated with a more lymphocyte-rich infiltrate. 
Retinal detachment is a possible sequela to 
granulomatous/necrotizing scleritis. A diag- 
nosis of scleritis in one eye implies that the 
second eye is at risk of developing scleritis. 
Idiopathic canine necrotizing scleritis shares 
similar histopathologic features with non-ne- 
crotizing scleritis (trauma or foreign-body re- 
lated) and episcleritis, but these diseases are 
generally unilateral.5 
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In humans, granulomatous scleritis has been 
associated with other autoimmune conditions 
such as rheumatoid arthritis, systemic lupus 
erythematosus, Wegener’s granulomatosis, 
inflammatory bowel disease and Reiter’s 
syndrome, but this has not been a consistent 
feature of reported canine cases.2,5,7,10-13 In 
humans, necrotizing scleritis is regarded as a 
type III hypersensitivity reaction (immune 
complexes), as well as combined with a type 
IV hypersensitivity.1,3,6 The condition in dogs 
is thought to be immune-mediated, and one 
study demonstrated IgG deposition within 
blood vessel walls in one dog, suggestive of 

an immune-complex component (type III hy- 
persensitivity).2 A primary type IV hypersen- 
sitivity was proposed, in addition to an under- 
lying type III hypersensitivity, based on vas- 
cular/perivascular granulomatous to lympho- 
plasmacytic inflammation. This study de- 
scribed a prominent population of T lympho- 
cytes, and proposed that CD4+ T lympho- 
cytes are responsible for the tissue destruc- 
tion in this disease. However, another study 
described a mixed population of lymphocytes 
(B lymphocytes predominated), which may 
also support the type III sensitivity involve- 
ment theory.4 Response to medical therapy 
with corticosteroids (topical, systemic) or 
other immunomodulators such as azathio- 
prine have been reported and also supports an 
immune-mediated etiology, but relapses and 
complications resulting in blindness occur 
frequently. Since little is known about the 
pathogenesis of idiopathic necrotizing scleri- 
tis in dogs, and there are few, somewhat con- 
trasting reports in the literature, comparing 
the disease to human scleritis may not be ap- 
propriate. 

 

 
Figure 2-3. Globe, dog. There is infiltration of innumerable macrophages separating scleral collagen and migration of uveal 
melanophages into the sclera. (HE, 381X) 

 
Figure 2-2. Globe, dog. There is no visible division be- 
tween the sclera and uvea and uveal melanocytes have 
migrated into the sclera. (HE, 154X) 
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Contributing Institution: 
Washington Animal Disease Diagnostic Lab 
College of Veterinary Medicine, Washington 
State University 
http://waddl.vetmed.wsu.edu/ 

 
JPC Diagnosis: 
1. Eye: Scleritis, collagenolytic, lympho- 
plasmacytic, chronic, diffuse, severe, with 
keratitis, panuveitis, anterior synechia, fibro- 
vascular membranes, and hyphema. 
2. Conjunctiva: Conjunctivitis and dacryoad- 
enitis, lymphoplasmacytic, chronic, multifo- 
cal, moderate. 

 
JPC Comment: 
This case provides a classic example of the 
relatively rare condition necrotizing granu- 
lomatous scleritis, and the contributor suc- 
cinctly describes this condition in veterinary 
species as well as similar diseases in humans. 
Two differential diagnoses that may be con- 
sidered during clinical and histopathologic 
examination are episcleritis and non-ne- 
crotizing granulomatous scleritis. Additional 
differential diagnoses for granulomatous dis- 
ease include bacterial, acid-fast, and fungal 
infections, which were not observed on spe- 
cial stains in this case. 

 

 
Figure 2-5. Globe, dog. The cornea is infiltrated by large 
numbers of macrophages. There is proliferation of ves- 
sel within the corneal stroma and mild squamous hy- 
perplasia of the central corneal epithelium.  (HE, 190X) 

 
Episcleritis can occur secondary to severe in- 
traocular or systemic disease, or may be a pri- 
mary condition, such as in nodular granulom- 
atous episcleritis (NGE), an inflammatory 
disease affecting the episcleral and adjacent 
conjunctiva.6 NGE is more common and has 
a slower onset than necrotizing granuloma- 
tous scleritis. Single or multiple nonpainful 
elevated fleshy masses develop near the lim- 
bus or nictitating membrane and may extend 
into the adjacent cornea. A recent report de- 
scribed three cases of atypical NGE where 
the inflammatory infiltrate was limited to the 
corneal stroma and did not extend into the 
episclera or conjunctiva; the histologic ap- 
pearance otherwise was consistent with 
NGE.9 Severe cases of NGE may cause ex- 
ophthalmos.14 While both nodular granulom- 
atous episcleritis and necrotizing granuloma- 
tous scleritis feature histiocytes admixed with 
lymphocytes and plasma cells, the episcleritis 
nodules are discrete (compared to the inva- 
sive nature of necrotizing scleritis) and lack 
collagenolysis.15 

 
Non-necrotizing granulomatous scleritis also 
lacks the collagenolysis and perivascular ne- 
crosis seen with the necrotizing version of the 
disease. Additionally, chronic cases may fea- 
ture fibrosis or formation of cystic spaces, 
and in general, it is generally milder than its 
necrotizing counterpart.8,14 Otherwise, non- 
necrotizing granulomatous scleritis causes a 

 
Figure 2-4. Globe, dog. There is occlusion of the drain- 
age angle and adhesion of the iris leaflet to the choroid. 
The iris leaflet is expanded by edema and numerous 
macrophages, and there is a thin pre-iridal fibrovascu- 
lar membrane. Numerous inflammatory cells, hemor- 
rhage, and fibrin adhere to the posterior surface of the 
iris. (HE, 14X) 
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similar spectrum of clinical signs, including 
ocular pain, and can infiltrate to other struc- 
tures in the eye, causing keratitis, uveitis, and 
choroiditis, as seen in this case. 
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CASE III: 

 
Signalment: 
Tissue from a 9-year-old neutered female 
German Shepherd dog (Canis lupus famil- 
iaris) 

 
History: 
The patient was presented for bilateral hind 
limb ataxia. MRI showed an intramedullary 
spinal cord lesion at L 4-5. Additional masses 
on the body wall found with ultrasound. 
Specimens of spleen and mammary gland 
samples were submitted in addition to spinal 
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cord, and were diagnosed as nodular lym- 
phoid hyperplasia and benign mixed mam- 
mary tumor (not shown). 

 
Gross Pathology: 
Several cross-sections of lumbar spinal cord 
contained soft, reddish brown, tissue affect- 
ing the gray matter bilaterally. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Much of the spinal cord gray matter and the 
ventrolateral white matter are soft and 
malacic. The tissue architecture is oblite- 
rated, with endothelial hypertrophy and hy- 
perplasia of remaining blood vessels. Gitter 
cells fill some of the tissue spaces. The ven- 
tral spinal artery is obliterated by a large lu- 
menal thrombus. It and the arteries extending 
up along the ventral median fissure are 
blocked by large round cells. Wallerian de- 
generation affected much of the ventral white 
matter. Cells are characterized by scant am- 
phophilic cytoplasm and a large cleaved to 
reniform nuclei. The chromatin is arranged in 
coarse, irregular clumps; nuclear outlines are 
very irregular. Intravascular mitoses are pre- 
sent in the population. These cells are not pre- 
sent in smaller blood vessels. A less severely 
affected section of spinal cord has ventral 
white matter Wallerian degeneration, with a 
smaller ventral spinal artery filled with or- 
ganisms. Two of the spinal nerves are degen- 
erate and inflamed, with several radicular 
vessels being blocked (not shown). Lympho- 
plasmacytic inflammation occurs in the me- 
ninges and in perivascular cuffs near malacic 
spinal cord (also in affected roots). Intravas- 
cular tumor cells are immunohistochemically 
CD3 positive, demonstrated along cell mem- 
branes. 

 

 

Figure 3-1. Spinal cord, dog. One section of spinal cord 
with numerous spinal nerve roots is submitted for exami- 
nation. There are multiple areas of pallor, representing 
malacia, in the grey matter; in the white matter they are 
located primarily in the dorsal and ventral funiculi (HE, 
7X) 
Contributor’s Morphologic Diagnoses: 

1. Myelomalacia with ventral spinal and 
radicular artery tumor embolism 

2. Intravascular lymphoma 

Contributor’s Comment: 
At first glance the distribution of the spinal 
cord lesions brings to mind fibrocartilaginous 
embolism (FCE), due to the commonality of 
affected blood vessels (primarily the ventral 
spinal artery and branches, with infarction of 
the spinal gray matter.3,6 However, both ar- 
teries and veins have been reported affected 
in FCE, while arteries and arterioles are af- 
fected in this case. 

 
The presence of neoplastic cells in the ventral 
spinal artery and its branches is consistent 
with a diagnosis of large cell lymphoma, a tu- 
mor restricted to growth in the lumens of 
small- to intermediate-sized vessels.7 This tu- 
mor would be described as the so-called clas- 
sic form, with involvement primarily in the 
organ of presentation (usually brain or skin). 
A hemophagocytic syndrome-associated 
form can also occur in which patients present 
with multi-organ failure.12 In humans, neo- 
plastic cells express B cell  markers  (such 
as CD20 or CD79a). T-cell tumors are much 
less common,14 but do occur. In people, neo- 
plastic growth can occasionally extend across 
vascular walls, as in a few areas in this dog, 
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Figure 3-2. Spinal cord, dog. Meningeal and parenchymal vessels contain pleomorphic neoplastic lymphocytes. Vessel walls 
contain histiocytes, lymphocytes and plasma cells, and the adventitia is multifocally bounded by plump fibroblasts. Within 
the adjacent white matter, there are numerous dilated myelin sheaths, spheroids, myelin debris, and Gitter cells. (HE, 174X) 

 

and can be mistaken for primary parenchy- 
mal lymphoma. T cell intravascular lympho- 
mas are rare in humans and have been re- 
ported in dogs.2,5,11 A tally of immunohisto- 
chemistry of intravascular lymphomas in 2 
case series 2,5 revealed 11 T cell, 4 B cell and 
10 Non-T non-B cell tumors. Most human tu- 
mor are of B cell origin.7 

 
The intravascular location of tumor cells 
leads to thrombosis and infarction, which are 
responsible for clinical signs. Intravascular B 
cell lymphomas in people lack expression of 
surface adhesion molecules (e.g. cd29 and 
ICAM 1). Tumor cells proliferate within the 
blood vessels without being able to exit them, 
potentially occluding them and causing is- 
chemia without tissue invasion. Cells also 
lack the expression of matrix metalloprotein- 
ase (MMP) 2 and MMP9 involved in the ex- 
travascular invasion of other lymphomas. 
Therefore, intravascular growth is associated 
with the inability of intravascular lymphoma 
cells to infiltrate extravascular tissues.12 

Contributing Institution: 
University of Missouri 
https://vmdl.missouri.edu/ 

 
JPC Diagnosis: 
1. Spinal cord, meningeal and parenchymal 
vessels: Intravascular lymphoma. 
2. Spinal cord: Myelomalacia, multifocal to 
coalescing, moderate to marked, with throm- 
bosis. 

 
JPC Comment: 
Historically, intravascular lymphoma in hu- 
mans was known by the name malignant an- 
gioendotheliomatosis due to the unique histo- 
logic appearance mimicking proliferation of 
endothelial cells; however, clinical, immuno- 
histochemical, ultrastructural, and therapeu- 
tic studies revealed the disease to be an angi- 
otropic form of lymphoma.4In 1988, a case of 
angioendotheliomatosis in an adult German 
shorthaired pointer was also confirmed to be 
angiotropic lymphoma through ultrastruc- 
tural and immunofluorescence investigation.4 

Since then, this disease has been reported 
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Figure 3-3. Spinal cord, dog. High magnification of neoplastic intravascular lymphocytes. There is moderate pleomorphism, 
and occasional apoptosis. (HE, 194X) 

 

rarely in dogs, and even more rarely in cats 
and horses.10 

 
Intravascular lymphoma most frequently af- 
fects the central nervous system and is char- 
acterized by rapidly progressive neurologic 
signs secondary to infarction with death oc- 
curring within weeks of initial clinical signs. 
Diagnosis is always made post-mortem. 
Rarely, neoplastic cells have been observed 
ante-mortem on peripheral blood smears or in 
cavitary effusions; however, even in these 
cases, refining the diagnosis beyond round 
cell neoplasm was not possible until post- 
mortem histopathology.10,13 Differential di- 
agnoses on histopathology include other 
round cell neoplasms which form a cuff 
around blood vessels, vaccine reactions, or 
systemic reactive angioendotheliomatosis.15 

 
As the contributor described, neoplastic lym- 
phocytes appear unable to exit blood vessels 
in this condition, and studies in human and 
veterinary patients illustrate altered expres- 
sion of clusters of differentiation (CD) mark- 
ers. In humans, neoplastic cells of intravascu- 
lar lymphoma lack CD11a, 18, and 29 ex- 
pression.10A study of canine intravascular 

lymphoma found that there was decreased 
CD29 expression and increased CD44 ex- 
pression compared to canine primary/meta- 
static CNS lymphoma.5 Some of these mark- 
ers are critical during the leukocyte adhesion 
cascade and delivery of inflammatory cells to 
sites of inflammation. 

 
Briefly, the leukocyte adhesion cascade has 
five steps which are partially propelled by cy- 
tokines: margination, rolling, integrin activa- 
tion, stable adhesion, and transendothelial 

 
 

 
Figure 3-4. Spinal cord, dog. Neoplastic lymphocytes 
within meningeal vessels demonstrate strong membra- 
nous immunoreactivity for CD3. (anti-CD3, 400X) 
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migration.1,9 Selectins are adhesion mole- 
cules which cause marginated leukocytes to 
slow and begin rolling, and integrins are ad- 
hesion molecules which then enforce firm ad- 
hesions between endothelial cells and leuko- 
cytes. CD11a/18 is the β2 integrin LFA-1 
which binds intercellular adhesion molecules 
(ICAM) 1 and 2 (CD 54 and 102, respec- 
tively) on the endothelium during stable ad- 
hesion.9 CD29 is found in β1 integrins (such 
as VLA-4) which facilitate leukocyte adhe- 
sion and transendothelial migration.1,9 The 
previously noted alterations in expression of 
these markers in intravascular lymphoma 
provide some insight into the intravascular 
growth and lack of extravasation seen in this 
neoplasm. 
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CASE IV: 

 
Signalment: 
19-year-old intact female rhesus ma- 
caque (Macaca mulatta) 

 
History: 
Several week history of inappetence, weight 
loss, and chronic non-regenerative hypo- 
chromic and microcytic anemia. 

 
Gross Pathology: 
The abdominal cavity contained ~1 liter of 
serosanguinous fluid. The mesentery and 
abdominal visceral serosa contain too numer- 
ous to count, multifocal-to-coalescing, pale 
tan-to-white, slightly raised, firm coalescing 
nodules ranging from 1-4 millimeters in di- 
ameter. The distal 2 cm of the ileum and 
proximal 1 cm of the paired ceca and colon 
are infiltrated and effaced by a poorly demar- 
cated, highly infiltrative neoplasm. On cut 
surface, the lumen of the distal ileum is se- 
verely stenotic, with loss of normal intestinal 
mural stratification. 

 
Laboratory Results: 
Repeated CBC results indicated a chronic 
progressive hypochromic and microcytic 
non- anemia. 
See Table 4-1 

 

 
Figure 4-1. Ileum, rhesus macaque On cut surface, the lu- 
men of the distal ileum is severely stenotic, with loss of 
normal intestinal mural stratification (Photo courtesy of: 
Boston University School of Medicine, National Emerg- 
ing Infectious Diseases Laboratory 
http://www.bu.edu/neidl/) 

Microscopic Description: 
Distal ileum: In the sections submitted the 
submucosa, muscularis and serosa are multi- 
focally effaced by an unencapsulated, poorly 
circumscribed, low-to-moderately cellular, 
infiltrative, highly pleomorphic epithelial ne- 
oplasm. Neoplastic cells are cuboidal-to-co- 
lumnar and form both tubules and acini, with 
occasional formation of variably sized mu- 
cinous lakes surrounded by dense fibrous 
connective tissue stroma (desmoplasia). For- 
mation of signet ring cells (epithelial cell 
with a large, clear cytoplasmic vacuole that 
peripheralizes the nucleus) is occasionally 
observed. Stroma is infiltrated by lympho- 
cytes and lesser numbers of histiocytes. Neo- 
plastic cells exhibit marked anisocytosis and 
anisokaryosis, have variably distinct cells 
borders and a moderate amount of granular, 
eosinophilic cytoplasm. Nuclei are round to 
oval with one or two distinct nucleoli. The 

 

 Table 4-1: CBC Parameters 
WBC (K/uL) 13.6 7.72–9.17 
RBC (M/uL) 5.3 6.24–6.73 
HGB 9G/dL) 5.7 12.03–12.95 

HCT (%) 22.2 41.90–44.77 
MCV (fL) 42 66.02–68.02 
MCH (pg) 10.8 18.84–19.81 

MCHC (g/dL) 25.7 28.32–29.29 
Reticulocyte (%) 4.9 1.44+/-0.46 

Absolute Reticulocyte (K/uL) 260 79.8+/-24.3 
Nucleated RBC (/100 WBC) None seen  
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Figure 4-2. Mesentery, rhesus macaque The mesentery 
and abdominal visceral serosa contain too numerous to 
count, multifocal-to-coalescing, pale tan-to-white, 
slightly raised, firm coalescing nodules ranging from 1-4 
millimeters in diameter. (Photo courtesy of: Boston Uni- 
versity School of Medicine, National Emerging Infectious 
Diseases Laboratory (http://www.bu.edu/neidl/) 

 

mitotic rate ranges from 1-4/HPF. Transmu- 
rally lymphatics are markedly ectatic (lym- 
phangiectasia) as indicated by large clear 
spaces neoplastic cells display cytoplasmic 
immunoreactivity to pancytokeratin support- 
ive of epithelial origin. 

 
Mesentery: Similar neoplastic epithelial cells 
as described infiltrating the wall of the ileum 
efface and expand the mesentery, with scat- 
tered patches of retained adipocytes and mes- 
enteric blood vessels. 

 
 

Contributor’s Morphologic Diagnosis: 
Ileocecocolic junction adenocarcinoma (scir- 
rhous, mucus producing) with lymphangiec- 
tasia, and abdominal carcinomatosis 

 
Contributor’s Comment: 
In humans, gastrointestinal carcinomas are 
relatively common, but most of these arise in 
the colon and rectum with only a small per- 
centage in the small intestine and ileum.1 Fur- 
thermore, large intestinal neoplasia in the 
rhesus macaque is believed to be signifi- 
cantly different from that in humans due to 
the absence of polyp formation, although 

there are similarities in histologic appearance 
and immunohistochemical characteristics.1 

In contrast, the ileocolic junction is consid- 
ered a common site for intestinal adenocarci- 
nomas in aged rhesus macaques and has also 
be described in the duodenum, jejunum, dis- 
tal ileum, cecum, and colon.1,5,10 Cotton-top 
marmosets are unique among NHPs as they 
often develop adenocarcinomas in response 
to chronic inflammation of the colon, includ- 
ing the cecum–colon, and rectum.1 The most 
commonly reported site of metastasis of in- 
testinal adenocarcinoma in NHPs is the re- 
gional mesentery lymph nodes, with colonic 
and thoracic lymph nodes, peritoneum, dia- 
phragm, intercostal muscles, kidneys, adrenal 
glands, liver, lung, and spleen also having 
been reported.1,5 Representative specimens of 
the mesentery and intestinal neoplasm were 
the only tissues submitted for histopathologic 
examination from this case and thus we can- 
not rule out the possibility of previously de- 
scribed metastatic locations. 

 
 
 
 
 
 
 
 

 

 

Figure 4-3. Ileum and mesentery, rhesus macaque. A 
section of ileum is presented with marked expansion of 
the submucosa and serosa at subgross magnification. 
There is loss of normal mesenteric architecture as well. 
(HE, 0.4X) 
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Surgical excision with intestinal resection 
and anastomosis remains the preferred treat- 
ment for intestinal adenocarcinoma in rhesus 
macaques. In a review article of the WNPRC 
breeding colony, 12% (3 of 25) of animals 
with surgical resection of intestinal adenocar- 
cinomas were alive, with a mean survival 
time of 1.5 years.1 The other 22 of 25 animals 
were euthanized due to deterioration of clini- 
cal health. Following necropsy of these ani- 
mals, surgical excision was determined to be 
curative in 55% (12 of 22) of cases with no 
gross or histologic evidence of recurrence at 
the time of necropsy. 

 
This case of ileocecocolonic adenocarcinoma 
is particularly impressive given that there 
was severe mesenteric and peritoneal seeding 
(carcinomatosis) that resulted in occlusion of 
lymphatics and subsequent lymphangiecta- 
sia. Neither a serum iron concentration or a 
fecal occult blood test were conducted in this 
case, but it is reasonable to attribute the 
chronic microcytic hypochromic anemia to a 
combination of G.I. hemorrhage, chronic in- 
flammation resulting in sequestration of iron 
stores, as well as malabsorption due to the 
lymphangiectasia. 

 
Contributing Institution: 
Boston University School of Medicine, Na- 
tional Emerging Infectious Diseases Labora- 
tory (http://www.bu.edu/neidl/) 

 

 
Figure 4-5. Ileum, rhesus macaque. The lamina propria 
and submucosa are markedly expanded by mucus-pro- 
ducing neoplastic epithelium. (HE, 94X) 

 
JPC Diagnoses: 
Ileocecocolic junction and mesentery: Mu- 
cinous adenocarcinoma. 

 
JPC Comment: 
Ileocecocolic adenocarcinoma is the most 
common gastrointestinal neoplasm in rhesus 
macaques and has also been reported in Jap- 
anese and cynomolgus macaques.9 Clinical 
signs include weight loss, inappetence, bloat- 
ing, hematochezia, and decreased fecal vol- 
ume. Grossly, the annular appearance of in- 
testinal adenocarcinoma may mimic chronic 
cicatrizing ulcerative colitis, an uncommon 
condition in macaques which also affects the 
cecum and colon and causes distension of the 
proximal intestinal segments.6 These neo- 
plasms invade transmurally and incite a pro- 
nounced desmoplastic response.9 Prominent 
infiltrates of lymphocytes within and sur- 
rounding the tumor may be present.4 In the 
mucinous subtype, which accounts for 25% 
of colonic adenocarcinomas in rhesus ma- 
caques, neoplastic cells produce abundant 
mucin which may impart a bubbly appear- 
ance grossly; histologically, neoplastic cells 
may accumulate mucin intracellularly, pro- 
ducing the signet ring appearance, or they 
may produce extracellular lakes of mucin 
which cause attenuation of surrounding cells. 
4,6,10 

 
Figure 4-4. Ileum, rhesus macaque. The wall is transmu- 
rally infiltrated in this image, the outer longitudinal layer 
of the muscularis and the serosa by nests of neoplastic 
intestinal epithelium which produce abundant mucus. 
(HE, 94X) 
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As the contributor stated, ileocecal/colonic 
adenocarcinomas in rhesus macaques differ 
from similar neoplasms in humans by the 
lack of polyp formation; however, a recent 
study suggests that at least one colony of rhe- 
sus macaques may be a suitable model for a 
certain type of hereditary colorectal cancer in 
humans.4 Lynch syndrome, which can cause 
hereditary nonpolyposis colorectal cancer 
(HNPCC) in humans, is characterized by 
damage in any of the DNA mismatch repair 
(MMR)  genes  MSH2,  MLH1,  MSH6,  or 
PMS2. 4 Humans with Lynch syndrome have 
higher risks of various neoplasms at a 
younger age, including neoplasms of the co- 
lon, endometrium, stomach, and small intes- 
tine. 4 Lynch syndrome can be diagnosed 
through identification of microsatellite insta- 
bility, a phenomenon where unrepaired DNA 
errors occur in certain short repetitive DNA 
segments (microsatellites) due to MMR gene 
defects. Additionally, immunohistochemical 
staining can illustrate decreased reactivity of 
the MMR proteins in neoplastic cells. In a 
study of 60 spontaneous cases of colorectal 
cancer in one closed colony of rhesus ma- 
caques, 17 of 20 tested animals lacked MLH1 
and PMS2 immunoreactivity, and 6 of 9 
tested animals demonstrated microsatellite 
instability.4 Whole genome sequencing also 
revealed strong association of colorectal can- 
cer and mutations in MLH1 and MSH6 
genes.4  This study indicates that this  colony 

 
 
 
 
 
 
 
 
 
 
 

of rhesus macaques could potentially supply 
investigative avenues for a human disease 
where current animal models are lacking. 4 
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WSC 2022-2023 Self-Assessment 
Conference 2  

 

1.  The most common form of inflammation associated with M. avium var. hominisuis in swine? 
a. Eosinophilic 
b. Granulomatous 
c. Suppurative 
d. Lymphoplasmacytic 

 
2. Which of the following is not seen in granulomatous scleritis in dogs? 

a. Vasculitis 
b. Lymphoplasmacytic perivascular infiltrates 
c. Collagenolysis 
d. Mineralization 

 
3. True or false?  Intravascular lymphomas in dogs are most commonly of T-cell origin. 

a. True 
b. False 

 
4.  True or false.  Neoplastic cells in intravascular lymphomas are unable to emigrate from vessels. 

a. True 
b. False 

 
5. The most common site of metastasis of intestinal adenocarcinoma in rhesus monkeys is which 

of the following ? 
a. Regional lymph nodes 
b. Liver 
c. Spleen 
d. Bone 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@health.mil. Passing score is 80%. This program (RACE program 33611) is 
approved by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being 
available to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide 
Conference. This RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery 
method of NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB 
RACE. 
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CASE I: 

 
Signalment: 
2-year-old, male, C57/BL6 CuZnSOD wild 
type (Mus musculus) 

 
History: 
This mouse recently arrived at the facility and 
was housed in quarantine. Two days after ar- 
rival the mouse presented clinically with ab- 
dominal distension. On physical examina- 
tion, a large abdominal mass was palpated, 
and humane euthanasia was elected. 

 
Gross Pathology: 
The mouse was in fair body condition (BCS 
2.5/5). The lungs were mottled with patchy 
pale yellow to pink foci. Within the abdomen, 
there were three encapsulated masses associ- 
ated with the mesentery that ranged in size 
from 0.5-2cm in diameter (gross photo, black 
asterisks). On cut section, the masses were 
abscessed. The liver and the spleen were dif- 
fusely enlarged. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Throughout all lung lobes there are multifo- 
cal to coalescing inflammatory infiltrates fill- 
ing alveolar spaces. Inflammatory infiltrates 

are primarily composed of large plump mac- 
rophages and multinucleated giant cells ad- 
mixed with eosinophils and fewer lympho- 
cytes, plasma cells, and neutrophils. Macro- 
phages and multinucleated giant cells contain 
abundant intracytoplasmic brightly eosino- 
philic partially refractile acicular to rectangu- 
lar crystals admixed with homogenous eosin- 
ophilic hyalinized material. Crystals and hy- 
aline are also present within in the extracellu- 
lar space. There are perivascular and 
peribronchiolar lymphoplasmacytic cuffs. 

 
In the section of liver, there is marked prolif- 
eration of myeloid precursors primarily sur- 
rounding portal regions. Myeloid precursors 

 
 
 

Figure 1-1. Lung, liver, mouse. A section of lung and 
liver are submitted for examination. At subgross mag- 
nification, there is diffuse expansion of peribronchiolar 
and perivascular areas by a cellular infiltrate and a fo- 
cally extensive area of subpleural inflammation; the 
liver demonstrates expansion of portal areas and fo- 
cally extensive thickening of the gallbladder mucosa. 
(HE, 7X) 
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Figure 1-2. Lung, mouse. Alveolar lumina contain scattered aggregates of swollen eosinophilic macrophages and occasional 
large extracellular eosinophilic crystals; there are numerous plasma cells and fewer lymphocytes and macrophages in peri- 
vascular areas. (HE, 181X) 

 

infiltrate into the parenchyma and bridge ad- 
jacent portal tracts. Hepatic cords are attenu- 
ated. The biliary and gall bladder epithelium 
are expanded by intracytoplasmic eosino- 
philic hyalinized material. There are acicular 
and rectangular crystals within the gall blad- 
der. 

 
Contributor’s Morphologic Diagnoses: 
Lung: Eosinophilic and granulomatous pneu- 
monia, chronic, severe, with eosinophilic 
crystals. 
Liver and spleen: Myeloid hyperplasia, 
marked, diffuse. 
Bile ducts/gall bladder: Epithelial hyalinosis, 
marked, multifocal. 

 
Contributor’s Comment: 
Eosinophilic crystalline pneumonia (ECP), 
also known as acidophilic macrophage pneu- 
monia, is a common age-related background 
lesion in C57/BL6 and 129/Sv mice and in 
many of their knockout and transgenic deriv- 
atives.5,7,9 This lesion can be exacerbated dur- 
ing concurrent pulmonary disease, and has 

been reported in association with systemic in- 
fectious, neoplastic, hypersensitivity, and 
lymphoproliferative disorders.5 Eosinophilic 
crystals are derived from macrophages and 
are primarily composed of iron, alpha-1 an- 
titrypsin, immunoglobulin, and granulocyte 
breakdown products.2,6 In addition to accu- 
mulation within macrophages and the lung, 
this protein can also accumulate within epi- 
thelial cells of the pancreas, stomach, liver 
and gallbladder, and the olfactory epithe- 
lium.2,4 Of note, in addition to ECP and epi- 
thelial hyalinosis, this mouse also had multi- 
ple abdominal abscesses and myeloid hyper- 
plasia in the spleen, kidney, and liver. Thus, 
it was determined that the severe ECP in this 
case was likely due to age and exacerbated by 
chronic systemic inflammation. 

 
Contributing Institution: 
In Vivo Animal Core, University of Michi- 
gan, Unit for Laboratory Animal Medicine 
https://animalcare.umich.edu/business-ser- 
vices/vivo-animal-core 
ulam-ivac@umich.edu 
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Figure 1-3. Lung, mouse. Macrophages contain large oblong to needle-shaped eosinophilic crystals within their cytoplasm; 
similar crystals are also freely present in the alveolar lumina. (HE, 715X) 

producing chronic dermatitis and alopecia, 
JPC Diagnoses: 
1. Lung: Alveolitis, granulomatous, diffuse, 
moderate, with intrahistiocytic and extracel- 
lular eosinophilic crystals and perivascular 
plasmacytosis. 
2. Liver, gallbladder: Biliary epithelial hya- 
linosis and extracellular crystals, diffuse, se- 
vere. 
3. Liver: Extramedullary hematopoiesis, dif- 
fuse, severe. 

 
JPC Comment: 
As the contributor mentions, eosinophilic 
crystalline pneumonia occurs regularly in 
aged B6 mice and has a more rapid onset in 
the moth-eaten phenotype of B6 mice.2 

Moth-eaten strains have a deficiency of Shp1, 
a protein tyrosine phosphatase involved in 
the immune signaling pathways of multiple 
hematopoietic cell types, due to a spontane- 
ous mutation of Ptpn6.1 In the lung, Shp1 de- 
ficiency is associated with the rapid accumu- 
lation of eosinophilic crystals within pulmo- 
nary macrophages, while in the skin, Shp1 
deficiency results in neutrophilic inflamma- 
tion and dendritic-cell driven autoimmunity 

the basis of the “moth-eaten” designation.1,10 

Other strains which are predisposed to hya- 
linosis include female CYP1A2-null mice 
and female 129S4/SvJae mice, with one 
study documenting hyalinosis of the glandu- 
lar stomach in over 95% and 45% of these 
strains, respectively.10 These mice had 
grossly visible plaque-like lesions in the car- 
dia; histologically, there was disorganization, 
hyperplasia, and hyalinization of gastric epi- 
thelial cells and abundant extracellular eosin- 
ophilic crystals.10 

 
Grossly, ECP causes firm pale tan lesions in 
the lung which fail to collapse.8 Affected 

 

Figure 1-4. Liver, mouse. There is marked extramedul- 
lary hematopoiesis within perivascular areas on the 
liver. (HE, 247X) 
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gallbladders may have mural thickening and 
opacification with bile duct fibrosis.10 

 
In addition to the components listed by the 
contributor, eosinophilic crystals contain 
Ym1 (eosinophilic chemotactic factor) and 
Ym2, two closely related chitinases with dif- 
ferent patterns of distribution throughout the 
body.2,10 Pulmonary lesions primarily contain 
Ym1, and other organ systems contain a mix- 
ture of both Ym1 and Ym2.2 

 
Differential diagnoses for ECP include pul- 
monary histiocytosis, which typically occurs 
in the subpleural regions, or alveolar lipopro- 
teinosis, may contain granular eosinophilic 
material (surfactant) and scattered macro- 
phages.2 Hemorrhage can lead to extracellu- 
lar hemoglobin crystal formation.2,3 Eosino- 
philic crystals have also been seen in particu- 
late inhalation studies, Cryptococcus neofor- 
mans infections in mice, and some dietary 
toxicity and drug studies in rats.3 
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Figure 1-5. Liver, mouse. Multifocally, biliary epithelium 
in portal areas is markedly swollen with eosinophilic cy- 
toplasmic granules. (HE, 720X) 

 

 
Figure 1-6. Gallbladder, mouse. Gallbladder epithelium 
is segmentally expanded by epithelium with pink to 
bright red cytoplasmic granules. (HE, 520X) 
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CASE II: 

 
Signalment: 
18-month-old male, Apoetm1Unc KO on 
C57BL/6 background (Mus musculus) 

 
History: 
This mouse was part of an atherosclerosis 
study and was transitioned to a Western high 
fat diet at 3-months of age. At 15-months, the 
mouse became pruritic and developed ulcer- 
ative dermatitis that wax and waned despite 
treatment. Humane euthanasia was elected at 
18-months. 

 
Gross Pathology: 
The mouse was overly conditioned with a 
body condition score of 5/5. On external ex- 
amination, there were deep skin erosions and 
ulcers on the right flank and left right fore- 
limb that ranged in size from 1-4mm in diam- 
eter. The liver was diffusely enlarged and fri- 
able. The submandibular and renal lymph 
nodes were enlarged. The remainder of the 
postmortem examination was within normal 
limits. 

 
Laboratory Results: 

 

 
Figure 2-2. Heart base, mouse. The walls of the aorta, 
pulmonary artery and a subjacent coronary artery are 
segmentally to circumferentially expanded by lipid, 
forming clear clefts within the tunica intima and media. 
The lumen of the coronary artery is recanalized. (HE, 
35X) 

No laboratory findings reported. 
 

Microscopic Description: 
The aorta and pulmonary artery are segmen- 
tally narrowed due to luminal expansion by 
atherosclerotic subintimal plaques. Subinti- 
mal plaques occasionally extend into the tu- 
nica media and are composed of diffuse ag- 
gregates of acicular cholesterol cleft, plump 
foamy macrophages, multinucleated giant 
cells, and lymphocytes. There are rare foci of 
dystrophic mineralization and fibrosis. 

 
In multiple sections of skin, the epidermis is 
necrotic and ulcerated and the dermis is ex- 
panded by granulation tissue which supports 
abundant acicular cholesterol clefts, plump 
foamy macrophages, multinucleated giant 
cells, and fewer lymphocytes and plasma 
cells. Inflammation and cholesterol deposits 
extend from the superficial dermis into the 
deep muscular layers and subcutis. Inflam- 
mation occasionally encompasses nerve bun- 
dles and skeletal muscle myofibers are atro- 
phied. Adjacent to the ulcers the epidermis is 
acanthotic and there are superficial serocellu- 
lar crusts. 

 
Contributor’s Morphologic Diagnoses: 
Heart (pulmonary artery, aorta, and vessels): 
Atherosclerosis, segmental, moderate. 
Skin: Ulcerative dermatitis with dermal xan- 
thomatosis, chronic, multifocal, severe. 

 

 

Figure 2-1.  Heart and pinna, mouse.  At subgross mag- 
nification,  the  pinna  wall  is  markedly  expanded and 
normal architecture is lost. (HE, 7X) 

 

57



 
Figure 2-3. Aorta, mouse. There is marked disorganization of the aortic tunica intima and media. The wall is expanded by 
clefts of lipid and there is loss of the tunica intima, marked smooth muscle disarray, and fibrosis. (HE, 163X) 

foam cell deposition in the dermis in both hu- 
Contributor’s Comment: 
Apolipoprotein E deficient (ApoE-/-) mice are 
useful for the study of mechanisms underly- 
ing cardiovascular disease and atherosclero- 
sis, fat metabolism, and neurodegenerative 
diseases.3,8,16 ApoE is a structural component 
of lipoproteins that regulates lipid homeosta- 
sis and facilitates lipid transport. It functions 
as a ligand in the transport of many lipid 
products, such as cholesterol and fat-soluble 
vitamins, between cells and tissue. 

 
Hypercholesterolemia is the primary clinical 
pathology finding characteristic of ApoE-/- 

mice.20 Subsequently, atherosclerosis and 
multicentric xanthomas (lipid mass-like ac- 
cumulations) are well-recognized phenotypes 
of this model. Indeed, ApoE-/- mice can de- 
velop pre-atherosclerotic lesions, such as 
subintimal fatty streaks, in the proximal aorta 
as early as 3-months of age.16 Of interest to 
the current case, chronic hypercholesterole- 
mia can alter epidermal lipid composition 
which may impair innate immune defense 
barriers of the skin which is associated with 

mans and in mice.1,9 Further, ApoE-/- mice 
fed a hypercholesterolemic diet exhibited 
xanthomatosis in many organs with a predi- 
lection for the subcutaneous and peritendi- 
nous tissues, similar to the skin lesions pre- 
sented in this case. However, the ulcerative 
epidermal component in this mouse is some- 
what unique.18 Given the C57/BL6 back- 
ground idiopathic ulcerative dermatitis (UD), 
a commonly reported entity associated with 
pruritis in aging C57/BL6 mice, was consid- 
ered as a top differential clinically. Indeed, 
wild type C57/BL6 mice fed a high-fat diet 
had worsened UD lesions compared to mice 
on standard rodent chow.5 In this case, it is 
suspected the implementation of a high fat 
diet exacerbated the lipogranulomatous der- 
mal lesion and the presence of inflammation 
around nerve bundles may have contributed 
to the pruritis and subsequent ulcerative der- 
matitis noted clinically; however, initial UD 
may have also played a primary role. In con- 
clusion, the clinical and histopathologic fea- 
tures of both ulcerative dermatitis and dermal 
xanthomatosis were considered in this case. 
The underlying etiologies of the skin lesion 
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Figure  2-4.  Coronary  artery,  mouse.   Similar changes 
are present in the wall of the coronary artery. Smooth 
muscle cells also contain cytoplasmic lipid. There is re- 
canalization  of the lumen  with marked  fibrosis  of the 
tunica intima. (HE, 226X) 

are thought to be driven by the genotype and 
further potentiated by both the high fat diet 
and UD. 

 
Contributing Institution: 
In Vivo Animal Core, University of Michi- 
gan, Unit for Laboratory Animal Medicine 
https://animalcare.umich.edu/business-ser- 
vices/vivo-animal-core 
ulam-ivac@umich.edu 

 
JPC Diagnoses: 
1. Heart, arteries: Atherosclerosis, multifo- 
cal, marked. 
2. Heart, left ventricle: Fibrosis, subendocar- 
dial, multifocal, mild to moderate, with car- 
diomyocyte degeneration and loss. 
3. Ear pinna: Dermatitis, xanthogranuloma- 
tous, diffuse, marked with multifocal epider- 
mal ulceration. 

 
JPC Comment: 
The term xanthoma is derived from xanthos, 
the Greek word for yellow.19 Xanthomas 
have been reported in numerous veterinary 
species and are relatively common in birds, 
less common in cats, and rare in dogs, horses, 
amphibians, and reptiles.13,14,15,17,19 Of the 
avian species, older psittacines are the most 
commonly affected, and lesions may occur in 
the skin of the abdomen, wings, and eyelids, 
with rare involvement of internal organs such 
as the bone marrow, liver, and ventricu- 

lus.15,17 In birds, dermal xanthomas are vari- 
ably inflamed, often pruritic nodular masses 
that lead to self-mutilation. Chronic irritation, 
trauma, and high fat/high cholesterol diets are 
associated with xanthoma development in 
birds. In mammals, xanthomas may also be 
caused by high lipid diets, defective lipid me- 
tabolism, or underlying endocrine dysfunc- 
tion (such as diabetes mellitus, hypothyroid- 
ism, hypoadrenocorticism, and pituitary pars 
intermedia dysfunction in horses).19 In dogs, 
a rare but striking form of xanthoma can oc- 
cur in the eye secondary to the previously 
listed causes or lens-induced uveitis; grossly, 
affected eyes may be filled with yellow-tan 
material.7 

 
Xanthomas in the central nervous system can 
lead to neurologic signs secondary to com- 
pression of adjacent parenchyma. In dogs, 
xanthogranulomas have rarely been reported 
in the sellar region. One recent report de- 
scribed xanthogranuloma intimately associ- 
ated with a functional pituitary adenoma in a 
dog with hyperadrenocorticism and hypopar- 
athyroidism; while the clinical signs in this 
case were attributed to the functional pitui- 
tary adenoma, another report described neu- 
rologic changes including aggression, sei- 
zures, and proprioceptive deficits due to com- 
pression by a xanthogranuloma in the pitui- 
tary region of a poodle with hyperadrenocor- 
ticism and hypothyroidism.2 A similar lesion, 
termed cholesteatoma, occurs in the choroid 
plexus of older horses secondary to recurrent 
mild hemorrhage.11 Large cholesteatomas 
obstruct the flow of cerebrospinal fluid caus- 
ing secondary hydrocephalus.11 

 
Buildup of lipid, lipid-laden macrophages, 
and cholesterol crystals in the tunica intima 
of large arteries, as demonstrated in this case, 
is termed atherosclerosis. Atherosclerosis is 
one of the most important diseases of humans 
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and is a leading cause of mortality due to re- 
sulting myocardial infarction, cerebral infarc- 
tion, aneurysm, and peripheral vascular dis- 
ease. The complex pathogenesis involves a 
combination of hypercholesterolemia, endo- 
thelial dysfunction, and chronic inflamma- 
tion.12 Intimal plaques occur in areas of tur- 
bulent blood flow and endothelial dysfunc- 
tion and are initially composed of lipid-laden 
smooth muscle cells and macrophages. Ex- 
tracellular oxidized LDL (generated by reac- 
tive oxygen species from previously acti- 
vated macrophages) and phagocytosed cho- 
lesterol and fatty acids stimulate inflam- 
masome formation, IL-1 production, and fur- 
ther activation of macrophages and T cells, 
perpetuating the inflammation. Cytokines 
and growth factors stimulate smooth muscle 
proliferation and collagen production, ex- 
panding the intimal plaque and creating a fi- 
brous cap on the luminal surface. The plaque 
contains a core of lipid, lipid-laden cells, and 
possibly mineral, and if the fibrous cap is un- 
stable and ruptures, this material is released 
into the vessel, causing thrombosis with ves- 
sel occlusion or embolization. Alternatively, 
outward pressure of the growing plaque can 

weaken the tunica media, resulting in aneu- 
rysm. Chronic atherosclerosis can also lead to 
gradual stenosis in smaller arteries, such as 
the coronary arteries, eventually resulting in 
tissue ischemia. 

 
Clinical atherosclerosis in veterinary species 
is exceedingly rare, which creates a challenge 
when searching for animal models in this im- 
portant human disease. Chickens, parrots, 
rabbits, pigs, and primates are susceptible to 
atherosclerosis, and while cats are generally 
considered atheroresistant, a recent report de- 
scribed clinical atherosclerosis in two related 
Korat breed cats with progressive cardiovas- 
cular failure.6 The histologic lesions were 
nearly identical to those seen in humans, and 
both had chronic myocarditis and fibrosis 
likely secondary to coronary artery stenosis 
and myocardial ischemia. In experimental 
models, pigs, rabbits, non-human primates, 
and mice are currently used, with the mouse 
being the most popular model in part due to 
its relative low cost and ease of genetic ma- 
nipulation.4 ApoE or LDL deficient mouse 
models have provided tremendous insight 

 

 
Figure 2-5. Pinna, mouse. The dermis is markedly expanded by acicular lipid either free in the tissue or surrounded by multi- 
nucleated giant cell macrophages. (HE, 98X) 
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into atherogenesis, but even they do not per- 
fectly recapitulate the human disease, as they 
lack coronary stenosis and plaque instabil- 
ity.4 
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CASE III: 

 
Signalment: 
2 year old, female intact, Domestic Shorthair 
cat (Felis catus) 

 
History: 
This cat presented to the primary veterinarian 
following acute decline at home over the pre- 
vious 24 hours, characterized by acute inap- 
petence, lethargy, labored breathing, an en- 
larged left submandibular lymph node, ab- 
normal urination and defecation, and hiding 
behavior. The cat had been acting normally 
prior to the decline and no vomiting, diarrhea, 
coughing or sneezing were noted. The cat 
was indoor only and had been previously vac- 
cinated but was not up to date. It was living 
with three more cats, none of whom dis- 
played abnormal clinical signs. On physical 
examination, the cat was lethargic, brady- 
cardic (130 beats/min), and tachypneic (90 

 
 
 

Figure 3-1. Multiple sections of lung are submitted for 
examination, with up to 100% effacement of pulmonary 
architecture by a dense cellular infiltrate. (HE, 7X) 

breaths/min) with an audible wheeze and in- 
creased abdominal effort. The left subman- 
dibular lymph node was markedly enlarged 
to approximately 2 cm in diameter, while the 
remaining peripheral lymph nodes palpated 
normal. The cat was afebrile and had no ob- 
vious oral lesions. 

 
A complete blood count (CBC) and blood 
smear revealed a marked leukopenia, driven 
by marked neutropenia and lymphopenia. 
FeLV and FIV testing was negative. Thoracic 
radiographs revealed multiple nodular soft 
tissue opacities throughout the lung fields, 
ranging in size from 0.2 cm to greater than 
1.0 cm. Advanced pulmonary metastatic dis- 
ease was suspected, with bacterial or fungal 
granuloma considered less likely. 

 
The cat was euthanized due to the need for 
aggressive intervention and a guarded prog- 
nosis. 

 
Gross Pathology: 
Affecting approximately 60-70% of the total 
surface area of the lungs were numerous, oc- 
casionally coalescing, well demarcated, 
raised, slightly firm, irregularly circular, 
beige to dark brown masses surrounded by a 
thin beige rim. The masses ranged from 0.4 
cm to 1.9 cm in diameter, extended deep into 
the lung parenchyma, and had a bulging, 
granular appearance on cut surface. Overall, 
the lungs were mottled red to dark red, wet, 
heavy, and oozed a small to moderate amount 
of red, clear, watery fluid and a small amount 
of pink-tinged froth on cut section. There 
were multiple, friable, weak adhesions be- 
tween the lung lobes and the adjacent medi- 
astinum and costal pleura. Sections of lung 
containing the irregularly circular nodules 
sank in formalin. 

 
Laboratory Results: 
Special stains: 
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Gram stain: The coccobacilli were Gram neg- 
ative. 
Bacteriology: Aerobic culture of the lungs 
yielded Neisseria sp. (predominant, 3+) and 
Pasteurella sp. (mixed, 2+) based on 
MALDI-TOF analysis. 

 
Microscopic Description: 
Slide B: Lungs – Widely-disseminated 
throughout all representative sections, affect- 
ing approximately 60-80% of the paren- 
chyma, there are numerous, variably well de- 
marcated nodules characterized by marked 
infiltration of the alveolar lumina, airways, 
and interstitium by degenerate and non-de- 
generate neutrophils admixed with abundant 
fibrin and large numbers of foamy macro- 
phages. Within affected areas, alveolar septa 
are pale and indistinct to completely lost and 
replaced by large amounts of fibrin and pro- 
teinaceous and karyorrhectic debris (coagula- 
tive to lytic necrosis). Scattered bronchioles 
exhibit similar coagulative to lytic necrosis, 
with widespread sloughing and/or absence of 
bronchiolar epithelium. Numerous, large 
clusters of extracellular and occasionally in- 

 

 
Figure 3-2. Lung, cat.  There is extensive necrosis of the 
pulmonary parenchyma with septal necrosis, and filling 
of alveoli with fibrin, innumerable necrotic and viable 
neutropils, and large bacterial colonies. (HE, 108) 

tra-neutrophilic and intra-histiocytic, baso- 
philic, approximately 1um, coccobacilli are 
scattered throughout areas of inflammation 
and necrosis. Moderate to large numbers of 
extravasated erythrocytes are present in the 
alveolar lumina, airways, and interstitium 
multifocally (hemorrhage). Bronchiolar lu- 
mina are variably filled by large numbers of 
degenerate and non-degenerate neutrophils 
and macrophages, moderate numbers of 
sloughed epithelial cells, moderate numbers 
of coccobacilli, and large amounts of fibrin 
and cytoplasmic and nuclear debris. Blood 
vessels within nodules occasionally contain 
partially-occlusive to fully-occlusive thrombi 

 

 
Figure 3-3. Lung, cat. Higher magnification of necrotic pulmonary parenchyma and alveolar contents. (HE, 367X) 
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with admixed degenerate and non-degenerate 
neutrophils and rare bacteria. The alveolar lu- 
mina between the nodules are filled by ho- 
mogenous, eosinophilic material (edema) and 
contain small to moderate numbers of neutro- 
phils and macrophages. Multifocally, meso- 
thelial cells are plump (reactive) and the 
pleura is mildly to moderately thickened by 
small to moderate numbers of neutrophils 
and macrophages, and small amounts of fi- 
brin and cellular debris. 

 
Contributor’s Morphologic Diagnoses: 
1. Lungs: 

a. Pneumonia, necro-suppurative and histi- 
ocytic, multifocal, marked, acute with in- 
tralesional, intraneutrophilic, and intrahistio- 
cytic bacteria, bronchitis, pleuritis, hemor- 
rhage, and bacterial emboli. 

b. Alveolar edema, diffuse, marked, acute 
 

Contributor’s Comment: 
Lower respiratory tract infection is an un- 
common cause of morbidity and mortality in 
cats. Lower respiratory tract infections are of- 
ten difficult to diagnose clinically due to non- 
specific or inconsistent clinical, hematologic, 
and radiographic findings and concomitant 
respiratory or systemic pathology.6 Reported 
infectious causes associated with feline pneu- 
monia include bacteria, viruses, fungi, proto- 
zoa, rickettsia, and parasites, with Bordetella 
bronchiseptica, Pasteurella sp., Mycoplasma 
sp., Streptococcus sp., and Escherichia coli 

considered the most common bacterial 
agents. 6 

 
Neisseria sp. bacteria are small, gram nega- 
tive, coccobacilli, ecologically similar to 
Pasteurella sp. In human medicine, they are 
known as the causative agents of the sexually 
transmitted infection gonorrhea (N. gonor- 
rhoeae), a form of bacterial meningitis (N. 
meningitidis), and uncommonly seen as sec- 
ondary infection following feline and canine 
bite wounds (N. animaloris and N. zoodeg- 
matis).7,9 Neisseria sp. have been isolated as 
commensal flora from the oral cavity of 
healthy cats and dogs but are also a seldom 
reported cause of feline pneumonia.6,7,9 Fe- 
line Neisseria sp. pneumonia was first de- 
scribed in 3 domestic cats in 1973, and spo- 
radically thereafter in cases involving further 
domestic cats, a tiger cub, a lion, and Chinese 
leopard cats.5,8,10,11 

 
Cases of feline Neisseria sp. pneumonia are 
most commonly reported in adult cats, who 
present with variable clinical signs including 
acute depression, dehydration, respiratory 
distress, salivation, or sudden death.3,6,8,10,11 

Antemortem diagnostic testing results are 
also variable, with the most consistent find- 
ing being discrete, multifocal nodular densi- 
ties and/or lung consolidation on thoracic ra- 
diographs.6,8 Gross lesions consist of wide- 
spread, white to tan nodules scattered 
throughout the lung parenchyma, while the 
disease is histologically characterized by 
marked, multifocal, necrosuppurative and 
histiocytic, nodular pneumonia with abun- 
dant intralesional bacteria.5,8,10,11 

 
While relatively unique, the reported radio- 
graphic, gross, and histologic findings are not 
considered pathognomonic for this entity 
without ancillary testing. Similar radio- 
graphic patterns have been reported in neo- 
plasia and uncommonly secondary to other 
infectious causes, including but not limited to 

 
Figure 3-4. Lung, cat.  Airways contain refluxed inflam- 
matory cells and bacterial colonies. There is necrosis of 
airway epithelium and extension of inflammation  into 
the peribronchiolar tissue. (HE, 367X) 
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Yersinia pestis, Cryptococcus neoformans, 
Toxoplasma gondii, Mycoplasma sp., Myco- 
bacterium sp., and rarely other bacterial, fun- 
gal or parasitic causes.3,6 While both Neis- 
seria sp. and Pasteurella sp. bacteria were 
cultured from the lung in this case, Pas- 
teurella sp. were considered less likely to be 
causing the primary disease, as these bacteria 
are common in the oral cavity and airways in 
healthy adult cats, are not uncommonly re- 
ported in mixed growth from feline pneumo- 
nia, and are generally associated with a sup- 
purative bronchopneumonia when causing 
opportunistic lower respiratory tract disease.2 

In addition, multiple historic cases of feline 
nodular, necrosuppurative pneumonia, both 
in the literature and at our institution, have 
yielded pure growth of Neisseria sp. on aero- 
bic culture. 

 
The pathogenesis of feline Neisseria sp. 
pneumonia is not clear, but given the distri- 
bution and vascular bacterial emboli, is con- 
sidered most likely secondary to hematog- 
enous spread, potentially from the oral cav- 
ity.8,11 The reason for the rare and severe na- 
ture of the disease given the oral commensal 
nature of some Neisseria species is not under- 
stood. One proposed mechanism is that 
chronic infection circumvents the host im- 
mune response, leading to a period of asymp- 
tomatic bacteremia and hematogenous spread 
to locations that favor survival and growth, 
with subsequent severe disease.9 Immuno- 
suppression has been hypothesized as a po- 
tential causative factor for pathogenesis in 
previous case reports, however, while this 
case exhibited marked neutropenia and lym- 
phopenia, there was no evidence of other 
pathogenic processes leading to immunosup- 
pression within the history, clinical, gross, or 
histologic findings.5 

 
Unfortunately, prognosis is poor in Neisseria 
sp. pneumonia cases, with decline and death 
generally within hours to days of onset of 

 

 
Figure 3-5.  Lung, cat. Bacterial colonies are  composed 
of   large   colonies   of   gram-negative   cocci. (Brown- 
Hopps, 400X) 

clinical signs, and only a single case report of 
successful feline Neisseria sp. pneumonia 
treatment.6 

 
Contributing Institution: 
Drs. Chris Bolt and Arno Wuenschmann 
Minnesota Veterinary Diagnostic Laboratory 
and Department of Population Medicine 
University of Minnesota 
1333 Gortner Ave. 
St. Paul, MN 55108 
www.vdl.umn.edu 

 
JPC Diagnosis: 
Lung: Pneumonia, necrotizing and fibrino- 
suppurative, diffuse, severe with thrombosis 
and large colonies of extracellular and intra- 
cellular cocci. 

 
JPC Comment: 
Neisseria animaloris and Neisseria zoodeg- 
matus were previously known as Centers for 
Disease Control (CDC) Group Eugonic Fer- 
menters (EF) 4a and 4b, respectively, until 
they were determined to belong to the Neis- 
seria genus in 2006.13 As the contributor 
states, Neisseria sp. are commensal organ- 
isms of the oral cavity of dogs and cats, and 
in addition to infrequently causing pneumo- 
nia, can rarely cause subcutaneous infections 
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of the neck and facial regions in cats. One re- 
port described a young adult Russian Blue cat 
with a submandibular mass characterized by 
necrosis, purulent inflammation, and fibrosis 
secondary to Neisseria animaloris (EF-4a at 
the time).1 In a separate report, a young adult 
domestic short hair cat developed subcutane- 
ous swelling over the bridge of the nose due 
to pyogranulomatous inflammation and Neis- 
seria sp infection.4 Routine stains did not il- 
lustrate bacteria in the first case; however, in 
the second case, gram-negative, non-acid- 
fast coccobacilli with a PAS-positive capsule 
were identified within macrophages. Both 
cases responded to debulking and antibiotic 
therapy, and traumatic inoculation from pen- 
etrating injury were suspected to be the initial 
cause of infection.1,4 

 
As the contributor mentioned, N. meningiti- 
dis and N. gonorrhoeae are significant path- 
ogens in humans. While most Gram-negative 
bacteria use siderophores to obtain iron, path- 
ogenic (non-commensal) Neisseria species 
have evolved a unique mechanism to extract 
iron from host serum transferrin (TF), the 
predominant mammalian transport protein 
for iron.12 The bacterial transferrin receptor 
consists of two parts: TF-binding protein B 
(TbpB, a surface lipoprotein), which initially 
harnesses TF, and TF-binding protein A (Tbp 
A, a TonB-dependent transporter), which re- 
moves and transports ferric acid into the bac- 
teria through a conformationally-active 
pore.12 While the majority of research on 
Tbps has been conducted in Neisseria spe- 
cies, similar receptors have been found in 
Pasteurellaceae and Moraxellaceae species, 
including Actinobacillus pleuropneumoniae 
and Histophilus somni.12 Bacterial Tbp activ- 
ity appears to be host-species specific and in- 
creases pathogen virulence within the host. 
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CASE IV: 

 
Signalment: 
1-year-old female Wyandotte chicken (Gal- 
lus gallus) 

 
History: 
This chicken was lethargic, diarrheic and was 
losing weight. She was found laterally re- 
cumbent with her right leg extended behind 
her and the left leg curled underneath her. 
Coelomocentesis revealed yellow coelomic 
fluid. Euthanasia was elected, and the carcass 
was received for examination. This chicken 
was part of a small backyard flock of 16 
chickens. 

 
Gross Pathology: 
The chicken was in poor body condition with 
scant visceral fat and moderate pectoral mus- 
cle atrophy. There was approximately 100 
mL of yellow, turbid, watery fluid within the 
coelomic cavity. Multifocally throughout the 
walls of the small intestine and large intes- 
tine, and occasionally extending into the lu- 
men, were dozens of semi-firm, pale tan-yel- 
low nodules which ranged from 0.3 to 2 cm 
in diameter. On cut section, these nodules 
were pale tan and bulged slightly. The mes- 
entery was tan and diffusely moderately 
thickened. 

Laboratory Results: 
Qualitative fecal analysis: Few Capillaria sp. 
eggs, few Heterakis sp. eggs, few coccidial 
oocysts 

 
Microscopic Description: 
Small intestine: Diffusely expanding and ef- 
facing the serosa of the small intestine and the 
surrounding mesentery is a poorly demar- 
cated, highly cellular proliferation of neo- 
plastic round cells. Neoplastic cells are ar- 
ranged in sheets and supported by collagen- 
ous stroma. Neoplastic cells are round with 
distinct cell borders and have small to mod- 
erate amounts of eosinophilic cytoplasm. Nu- 
clei are round, finely stippled to vesiculate 
and have 1-3 nucleoli. There is moderate an- 
isocytosis and anisokaryosis and 43 mitoses 
in 10 high-power fields (400x). Multifocally, 
neoplastic cells infiltrate the small intestinal 
muscularis and submucosa. The adjacent 
pancreas is extensively obscured to effaced 
by similar neoplastic cells. 

 
 
 
 

Figure 4-1. Small intestine, chicken. There are dozens 
of multifocal to coalescing semi-firm, tan-yellow, 0.3-2 
cm diameter nodules throughout the walls of the small 
intestine, mesentery and pancreas. (Photo courtesy of 
NIH Comparative Biomedical Scientist Training Pro- 
gram, National Cancer Institute, https://nih- 
cbstp.nci.nih.gov/ ) 
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Immunohistochemistry: 
The neoplastic round cells within the small 
intestine, mesentery and pancreas exhibit 
strong perimembranous immunoreactivity 
for CD3, strong nuclear immunoreactivity for 
Meq and are not immunoreactive for 
BLA.36. 

 
Contributor’s Morphologic Diagnoses: 
Small intestine: T-cell lymphoma 
Pancreas: T-cell lymphoma 

 
Contributor’s Comment: 
The histopathologic findings are consistent 
with visceral lymphoma, which in this case 
was immunohistochemically confirmed as 
Marek’s disease using antibodies directed 
against the Marek’s disease virus Meq pro- 
tein. 

 
Marek’s disease (MD) in chickens occurs 
upon inhalation of gallid alphaherpesvirus-2, 
a cell-associated alphaherpesvirus with lym- 
photropic properties similar to gam- 
maherpesviruses.13 Marek’s disease virus 
(MDV) is a member of the genus Mardivirus 
and are divided into three serotypes: Gallid 
herpesvirus 2 (MDV-1), Gallid herpesvirus 3 
(MDV-2), and Meleagrid herpesvirus 1 
(MDV-3). Of these three serotypes, only 
MDV-1 causes disease in chickens.13,15 

Strains of MDV are classified into four 
pathotypes based on their virulence, referred 
to as mild (m), virulent (v), very virulent (vv) 

 

Figure 4-2. Small intestine and mesentery. Two sections 
of intestine and mesentery (one with pancreas) are sub- 
mitted for examination. At subgross, the mesentery 
and intestine contain a dense cellular exudate. (HE, 5X) 

 

 
Figure 4-3. Small intestine and mesentery. A moder- 
ately cellular round cell neoplasm transmurally infil- 
trates the intestine and extends into the adjacent mes- 
entery. (HE, 49X) 

 
 

and very virulent plus (vv+) strains.1,13 The m 
strains can cause mild neurological disease, 
the v and vv strains can cause lymphomas, 
and the vv+ strains can cause fatality with se- 
vere brain edema and tumors in unvaccinated 
and vaccinated chickens.1,15 

 
Previously, MDV posed a serious economic 
threat causing up to 60% mortality in layer 
flocks, and currently exists in all poultry-pro- 
ducing countries.2,13,14 Despite the more re- 
cent advent and widespread use of a live-at- 
tenuated vaccine, sporadic losses still occur 
on individual farms, and the disease is still a 
concern in poultry flocks.13 Concerns of the 
vaccine selecting for MDV strains of higher 
virulence also exist, as MDV vaccines pre- 
vent clinical signs but do not prevent virus 
replication and shedding in vaccinated chick- 
ens.1,14 Nearly all chickens can be infected by 
MDV and develop tumors, and turkeys, quail, 
and pheasants are also susceptible to infec- 
tion and disease.13 Marek’s disease outbreaks 
may occur in unvaccinated chickens as young 
as 3-4 weeks, although most serious cases 
begin after 8-9 weeks of age.13 

 
The pathogenesis of MDV infection in vivo 
is divided into four stages.15 In the early cy- 
tolytic phase, B cells undergo cytolytic infec- 
tion.15 In the latency phase, MDV infects 
CD4+ and CD8+ T-cells.15 Following MDV 
reactivation in CD4+ T-cells, a late cytolytic 
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Figure 4-4. Mesentery, chicken. Neoplastic cells infil- 
trate and efface the mesentery. (HE, 381X) 

and immunosuppressive phase is initiated.15 

Finally, the transformation phase occurs and 
is characterized by the development of 
CD4+ T-cell lymphomas.15 

 
Marek’s disease can manifest as distinct 
lymphoproliferative syndromes, such as lym- 
phomas, cutaneous leukosis, atherosclerosis, 
early mortality, cytolytic syndromes, immu- 
nosuppression, and lymphoproliferation in 
the eyes and CNS as well as peripheral nerves 
resulting in “fowl paralysis”.13 Gross lesions 
associated with MD may include unilaterally 
gray or yellow, edematous, and enlarged pe- 
ripheral nerves, such as the sciatic and bra- 
chial nerves, which may be 2 to 3 times nor- 
mal size.13 Lymphomas may also occur in 
virtually all visceral organs, including the 
mesentery, intestine, pancreas, kidney, liver, 
spleen, bursa of Fabricius, thymus, iris (“gray 
eye”), feather follicles, heart, muscle and 
gonads, particularly the ovary.13 Visceral tu 
mors may appear as gray or yellow firm nod- 
ules or diffuse organ enlargements.13 In this 
case, differential diagnoses for the gross le- 
sions would include avian tuberculosis or 
Hjarre’s disease (coligranuloma), which were 
later ruled-out with microscopic examina- 
tion. 

 
Microscopic lesions within visceral organs 
correspond to proliferations of monomorphic 
neoplastic small to large T-cells, lympho- 
blasts and mononuclear inflammatory infil- 
trates.13 Within peripheral nerves, lym- 
phoproliferative lesions are separated into 

types A and B.3,13 Type A lesions are neo- 
plastic and consist of T-cells and fewer B- 
cells.3,13 Type B lesions are inflammatory and 
are characterized by mononuclear cell infil- 
trates composed of small lymphocytes and 
plasma cells and fewer macrophages.3,13 

 
In the current case, only lymphoma affecting 

visceral organs was appreciated. In addition 
to infiltrating and obliterating the intestinal 
walls, mesentery, and pancreas, similar neo- 
plastic lymphocytes extensively effaced the 
ovary and infiltrated the splenic capsule. 

 
The primary differential diagnoses for lym- 
phoma in chickens include Marek’s disease, 
and the retroviruses avian leukosis virus 
(ALV) and reticuloendothelial virus 
(REV).7,13 Immunophenotyping with T- and 
B-cell markers can help to distinguish be- 
tween MDV and ALV, as MDV commonly 
induces T-cell lymphomas, while ALV in- 
duces B-cell lymphomas.7 In the current case, 
neoplastic cells exhibited strong perimem- 
branous labeling for the T-cell marker CD3 
and were negative for the B-cell marker 
BLA.36. PCR may also be used to identify 
the presence of MDV.6,7,11 

 
 

Figure 4-5. Small intestine, chicken. Neoplastic lympho- 
cytes exhibit strong perimembranous immunoreactivity 
for CD3 (anti-CD3, 400X). (Photo courtesy of NIH Com- 
parative Biomedical Scientist Training Program, Na- 
tional Cancer Institute, https://nih-cbstp.nci.nih.gov/ ) 
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In addition, immunohistochemistry using an- 
tibodies directed against the MDV-specific 
viral antigens Meq and pp38 can be used to 
help confirm a diagnosis of MD. Meq (Ma- 
rek’s EcoQ) is a leucine zipper regulatory 
protein similar to the Fos and Jun oncopro- 
teins, and has been demonstrated to be criti- 
cal to MD oncogenesis.10,14 The functions of 
Meq include DNA binding, chromatin re- 
modeling and regulation of transcription.14 

Meq can form homodimers or heterodimers 
with proto-oncoproteins, such as c-Myc, c- 
Fos, ATF and c-Jun. Meq can also bind to and 
sequester RB, p53 and cyclin-dependent ki- 
nase 2 (CDK2), leading to dysregulated cell- 
cycle control and the oncogenic transfor- 
mation of T-cells.14 The exact biological 
function of pp38 is currently unknown, but 
has been associated with lymphoid tropism, 
oncogenicity, reactivation from latency, viral 
replication in the early lytic phase and 
maintenance of transformation in MDV-in- 
fected tumor cells.8 Meq has been shown to 
be the only viral antigen consistently ex- 
pressed, but pp38 positive cells may also be 
observed.7 In our case, the neoplastic T-cells 
exhibited strong nuclear immunoreactivity 
for Meq but were not immunoreactive for 
pp38. 

 
Contributing Institution: 
NIH Comparative Biomedical Scientist 
Training Program, National Cancer Institute 
https://nih-cbstp.nci.nih.gov/ 

 
JPC Diagnoses: 
1. Small intestine, mesentery, pancreas: 
Lymphoma. 
2. Small intestine, lumen: Cestode adult. 

 
JPC Comment: 
In 1907, Hungarian veterinarian Jozsef Ma- 
rek described a syndrome of polyneuritis in 
chickens termed fowl paralysis and now 
known as Marek’s disease.1 In 1967, the her- 

pesviral etiology was discovered. Observa- 
tions that the virus spread via indirect contact 
and remained infectious in the environment 
for months led to further research into the 
transmission of the virus, and in 1970, Calnek 
et al. described enveloped herpesvirus parti- 
cles in the feather follicular epithelium that 
were infectious to and produced Marek’s dis- 
ease in other chickens.4 Since then, cell-free 
virions produced in the feather follicle epi- 
thelium and shed in feathers and dander of in- 
fected birds have been recognized as the 
source of horizontal transmission. 

 
The economic impact of Marek’s disease is 
estimated to be up to $2B USD annually, with 
losses stemming from decreased productiv- 
ity, immunosuppression leading to comorbid- 
ities, and aesthetic condemnation at slaugh- 
ter.1,5,12 As such, tremendous research has 
gone into developing prevention and control 
methods, and there are currently three main 
lines of effort: selecting for genetically re- 
sistant chickens, improving biosecurity to 
prevent spread between flocks, and vaccina- 
tion. Several Marek’s disease virus (MDV) 
vaccinations have been developed, including 
a vaccine using herpesvirus of turkeys and at- 
tenuated MDV strains SB1 and CVI988.5 

 

Figure 4-6. Small intestine, chicken. Neoplastic lympho- 
cytes exhibit nuclear immunoreactivity for Meq (anti- 
Meq, 400X). (Photo courtesy of NIH Comparative Bio- 
medical Scientist Training Program, National Cancer In- 
stitute, https://nih-cbstp.nci.nih.gov/ ) 
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While these vaccines are generally effective 
in preventing clinical disease in vaccinated 
birds, they do not produce sterile immunity, 
and vaccinated birds can still be infected and 
shed the virus. This has selected for and sup- 
ported the spread of more virulent strains of 
MDV that would, in unvaccinated popula- 
tions, be self-limiting in scope due to their 
high mortality rates. 1,5,12 

 
Recent research has uncovered one key com- 
ponent of MDV transmission: conserved her- 
pesvirus protein kinase (CHPK).9 CHPKs are 
encoded by all members of the Herpesviridae 
family and support a variety of functions 
throughout viral infection stages (such as nu- 
clear egress and viral DNA replication).9 In 
MDV, CHPK is not required for cell-to-cell 
transmission or progression of clinical dis- 
ease, but it is specifically required for hori- 
zontal transmission.9 Recent studies indicate 
that CPHK is most likely integral for produc- 
tion of cell-free virions, as mutated CPHK re- 
sults in defects in the viral replication path- 
way in feather follicular epithelium, but 
CPHK’s role in establishing infections in 
new individuals has not been ruled out.9 In 
either case, this research provides insight into 
the horizontal transmission of MDV which 
has yet to be overcome by vaccination strate- 
gies. 
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WSC 2022-2023 Self-assessment. 
Conference  3 

 

1.  The most common form of inflammation associated with M. avium var. hominisuis in swine? 
a. Eosinophilic 
b. Granulomatous 
c. Suppurative 
d. Lymphoplasmacytic 

 
2. Which of the following is not seen in granulomatous scleritis in dogs? 

a. Vasculitis 
b. Lymphoplasmacytic perivascular infiltrates 
c. Collagenolysis 
d. Mineralization 

 
3. True or false?  Intravascular lymphomas in dogs are most commonly of T-cell origin. 

a. True 
b. False 

 
4.  True or false.  Neoplastic cells in intravascular lymphomas are unable to emigrate from vessels. 

a. True 
b. False 

 
5. The most common site of metastasis of intestinal adenocarcinoma in rhesus monkeys is which 

of the following ? 
a. Regional lymph nodes 
b. Liver 
c. Spleen 
d. Bone 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 

 
Signalment: 
14-year-old intact female Alpaca (Vicugna 
pacos) 

 
History: 
Per attending veterinarian: “Presented with 
hypernatremia, mild azotemia, decreased al- 
bumin, treated last week with IV fluids, elec- 
trolytes. Suspect bilateral polycystic kidney 
disease.” 

 
Gross Pathology: 
The peritoneal, pleural and pericardial cavi- 
ties contained approximately 2 L, 1.5 L and 
10 mL of clear,  yellow  watery  fluid  with 
scant fibrin strands. The pleural surfaces of 
the lung lobes contain scant, scattered fibrin 
strands. The lungs are diffusely wet,  heavy 
and meaty and did not  collapse when the 
chest cavity was opened. The lungs contain 
enumerable, individual to coalescing nodules 
ranging from 0.2 cm-2 cm. The nodules are 
firm and white; some of the larger nodules 
contain central caseous material. 

 
Laboratory Results: 
No laboratory findings reported. 

Microscopic Description: 
The open alveolar architecture of the lung is 
nearly diffusely effaced secondary to alveolar 
filling by numerous macrophages, epithelio id 
macrophages and fewer multinucleated giant 
cells, lymphocytes and plasma cells.  Ran- 
domly scattered conspicuous aggregates of 
neutrophils (intact and degenerate) randomly 
interrupt the otherwise monotonous infiltr ate 
by macrophages.  When  visible,  alveolar 
septa are thickened by congestion approxi- 
mately 2X expected. Many of the macro- 
phages contain  numerous  yeast  organisms; 
the yeast organisms were characterized by a 
1.0 µm, round to crescent-shaped yeast body 
surrounded by a variably-sized (1.0-2.0 µm) 
halo. 

 
Figure 1-1. Lung, alpaca. The lung is heavy,  meaty, 
does not collapse, and contains numerous white foci 
measuring 0.2-2.0 cm scattered throughout all lobes. 
(Photo courtesy of: Department of Veterinary Pathobi- 
ology & the Oklahoma Animal Disease Diagnostic La- 
boratory, Center for Veterinary Health Sciences, Okla- 
homa State University, www.cvhs.okstate.edu) 
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Figure 1-2. Lung, alpaca. There is diffuse consolidation 
of all lobules within the submitted section of lung. (HE, 
5X) 

In addition to the lung (provided), sections of 
the liver and spleen also contained randomly 
distributed aggregates of macrophages (some 
with epithelioid morphology and multinuc le- 
ated giant cells) containing yeast organisms 
similar to that described in the lung. 

 
Contributor’s Morphologic Diagnoses: 
Syndrome: Disseminated histoplasmosis 

1. Severe, diffuse, granulomatous pneu- 
monia with myriad intralesional yeast 
organisms consistent with Histo- 
plasma capsulatum. 

2. Severe, multifocal, granuloma to us 
splenitis with  myriad  intralesio nal 
yeast organisms consistent with 
Histoplasma capsulatum. 

3. Severe, multifocal, granuloma to us 
hepatitis myriad intralesional yeast 
organisms consistent with Histo- 
plasma capsulatum. 

 
Contributor’s Comment: 
This patient originally presented with a his- 
tory and clinical diagnosis of renal  disease. 
The severe pneumonia, as well as other le- 
sions secondary to histoplasmosis, were a 
surprise finding at necropsy. After the fact 
query of the attending veterinarian did not re- 
veal any mention of clinical signs of respira- 
tory disease. 

 
Our institution has a respectable caseload of 
llamas/alpacas; however, disseminated histo- 
plasmosis has not before been seen,  even  as 
an etiology for pneumonias. A literat ure 
search revealed a single case report of pulmo- 
nary histoplasmosis  in  a llama.11  The  patient 
in that report had been  recently  imported 
from Bolivia seven months prior; however, 

 

 
Figure 1-3. Lung, alpaca. Alveoli are filled to bursting with macrophages. At right, alveoli have ruptured  and alveolar septa 
are no longer visible. (HE, 247X) 
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Figure 1-4. Lung, alpaca. Intra-alveolar macrophages contain numerous 2-4 µm round yeasts within their cytoplasm. (HE, 817X) 

 

the patient in this report had  spent  its  entire 
life in the United States. 

 
Histoplasma capsulatum is a dimorphic fun- 
gus commonly found in soil that has been 
contaminated with bird feces or bat guano.1 

Within the United States, histoplasmosis  is 
most common in the  Mississippi,  Missouri 
and Ohio river valleys; however,  infect io ns 
are certainly not uncommon elsewhere in the 
Midwest.5 The organism exists in the soil as 
a mold producing infective microconidia.1 

When inhaled, the microconidia convert to 
yeast forms that replicate within phagolyso- 
somes of the pulmonary mononuclear-pha g- 
ocytic system.1,6 From this initial pulmonar y 
infection, the  organism  disseminates  into 
other organs by hematogenous (spleen, liver) 
or lymphatic (lymph node) routes. 

 
Contributing Institution: 
Department of Veterinary Pathobiology & 
The Oklahoma Animal Disease Diagnost ic 
Laboratory 
Center for Veterinary Health Sciences 
Oklahoma State University 
www.cvhs.okstate.edu 

JPC Diagnosis: 
Lung: Pneumonia, granulomatous, diffuse, 
severe with numerous intrahistiocytic yeasts. 

 
JPC Comment: 
During the conference, participants discussed 
the similar histologic morphology of this en- 
tity to Sporothrix schenkii, and that definit ive 
diagnosis may require speciation through cul- 
ture, PCR, or IHC. 

 
Histoplasma capsulatum subs. capsulatum 
infects a wide variety of mammals (includ ing 
humans) and birds, and most infections are 
likely subclinical or mild due to effective 
adaptive immunity involving cytokine-med i- 
ated macrophage killing and  T-cell  re- 
sponse.9 Overt  pulmonary or disseminated 
infections may occur if the animal  is  exposed 
to a large  dose of infectious  microconidia  or 
is immunosuppressed.1, 9 Dogs and cats are 
most commonly affected by clinical disease, 
but a plethora of reports demonstrate that dis- 
seminated histoplasmosis can occur in many 
species, including goats and raccoons, or as 
seen in this case, an alpaca.8, 2 Even if an ef- 
fective immune response is generated, yeast 
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may enter a state of dormancy and re-emerge 
when the animal becomes immunocomp ro- 
mised.1,9 In disseminated infections, Histo- 
plasma travels in phagocytic cells to other or- 
gans with high concentrations of phagocytes, 
such as lymph nodes, gastrointestinal tract, 
spleen, and liver. Spread to  the  adrenal 
glands, skin, eye, and bone is also possible.9 

 
In most cases, the host develops an appropri- 
ate adaptive immune response which controls 
and eliminates the Histoplasma infection. In 
immunocompetent hosts, the Th1 response is 
critical in controlling infection.6 Innate cells 
initially produce IL-12, which stimulates the 
production of IFN-gamma  mostly  by CD4+  
T cells.6 IFN-gamma has a wide range of ef- 
fects including activation of macrophages, 
stimulation of intracellular nitric oxide pro- 
duction by macrophages, and regulation  of 
iron and zinc availability.6 T cells also pro- 
duce TNF-alpha, which further stimulates ni- 
tric oxide production, chemokine production, 
and increased INF-gamma production.6 TNF- 
alpha also restricts expansion and traffick ing 
of regulatory T cells and signals for apopto- 
sis.6 These proinflammatory cytokines stim- 
ulate expression of CCR5, the receptor for 
chemokines CCL3, CCL4, and CCL5, all of 
which become upregulated during Histo- 
plasma infection.6 CCR5 activation leads to 
influx of  additional  inflammatory  cells.6 

These cytokines also activate macrophages to 
produce microbe-killing agents such as reac- 
tive oxygen species (ROS).12 

The NADPH-oxidase system produces many 
of these reactive oxygen species, includ ing 
superoxide, hydroxyl, and peroxide, to neu- 
tralize and destroy microbes, and Histo- 
plasma has evolved a few tricks to resist ROS 
destruction. H. capsulatum produces two cat- 
alases, CatB (M-antigen) and CatP, which 
create a layered defense by neutralizing ex- 
tracellular and intracellular ROS, respec- 
tively.12 H. capsulatum also produces super- 
oxide dismutases, such as extracellular Sod3 
and intracellular Sod1, which add to these de- 
fenses.12 Other mechanisms that Histoplasma 
has evolved to evade non-oxidative host de- 
fenses include producing anti-inflamma tory 
IL-4, melanin, and substances which increase 
intracellular pH.1 

 
Other pathogenic H. capsulatum species in- 
clude H. capsulatum var. farciminosum 
(HCF) and H. capsulatum var. duboisii 
(HCD). HCF, or equine histoplasmos is, 
causes epizootic lymphangitis (pseudoglan- 
ders) in horses and mules.7 The yeast enters 
open wounds in the skin and causes swollen 
lymphatics and chronic, progressive,  ulcera- 
tive nodules that drain and scar.7 Less com- 
monly, HCF can cause rhinitis, sinusit is, 
pneumonia, or keratoconjunctivitis.7 H. cap- 
sulatum var. duboisii causes African histo- 

 
 

 
Figure 1-6. Lung, alpaca. A silver stain demonstrates 
the numerous yeasts present within macrophages . 
(Gomori methenamine silver, 400X) 

 
Figure 1-5. Lung, alpaca. Airways (in this case, a bron- 
chiole) are filled with refluxed inflammatory exudate 
from surrounding alveoli. (HE, 159X) 
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plasmosis, which is characterized by granu- 
lomatous inflammation within the skin and 
bone of baboons and humans, though dissem- 
inated disease can also occur.3 A recent report 
described granulomatous gingivitis due to 
HCD infection in three baboons.4 
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CASE II: 

 
Signalment: 
Twelve-year-old, neutered female, domestic 
shorthair cat (Felis catus) 

 
History: 
The cat presented with a  two  month  history 
of anorexia and weight loss. On presentation 
there was severe alopecia and  erythema  on 
the ventral thorax, abdomen, neck, perineum 
and also extended to the medial aspect of the 
legs to the paws. The periocular and ear pinna 
skin also presented with  a  similar change. 
Due to the characteristic shiny or gliste ning 
appearance of the skin, feline paraneoplastic 
alopecia was initially suspected. Ultrasound 
examination was performed with mult ip le 
masses detected in the liver and small hy- 
poechoic nodule associated with the small in- 
testinal, pancreas and peritoneum (neoplasia 
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Figure 2-1. Haired skin, cat. Ventral and lateral ab- 
dominal skin and that of the extremities is severely alo- 
pecic with a glistening and shiny appearance. (Photo 
courtesy of: University of Liverpool, Institute of Infec- 
tion, Veterinary and Ecological Sciences, Department of 
Veterinary Anatomy, Physiology and Pathology , 
Leahurst campus, Chester High Road, Neston, CH64 7TE, 
United Kingdom) 

 

considered most likely). As the masses were 
widespread and the prognosis was poor, the 
animal was euthanized. 

 
Gross Pathology: 
The skin from the sternal to the inguinal re- 
gions, extending to the medial antebrachia 
and to the posterior extremities and partially 
the lateral abdominal regions, was severely 
alopecic with a glistening and shiny appear- 
ance. Throughout the alopecic skin, poorly 
demarcated pale red  areas  (erythema)  and 
rare pale brown crusts were  also  present. 
Both periocular and perinasal areas were par- 
tially alopecic with increased  amount  of 
crusts. The right metatarsal paw pad and the 
right ventral tarsus showed multifocal  ulcers. 
In the liver, scattered throughout all hepatic 
lobes, there were multifocal to coalescing, 
0.2 to 2 cm in diameter, well demarcated, 
firm, pale tan nodules showing occasional 
central umbilication. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Haired skin (abdomen): Throughout a mul- 
tifocally mildly hyperplastic epidermis there 

are multifocal areas of: intracellular edema, 
spongiosis, and parakeratosis. In rare foci 
(not present in all slides), the epidermis is re- 
stricted to 1-2, poorly defined, thin layers 
(epidermal atrophy). The hair follicles are 
diffusely and markedly reduced in size (atro- 
phy and miniaturization) and contain rare in- 
traluminal eosinophilic tricholemmal keratin 
(telogen). Adjacent to the atrophied follic les, 
variably atrophic sebaceous glands and com- 
monly dilated apocrine glands are found. The 
dermis shows multifocal edema, with mild 
perivascular to interstitial accumulation of 
neutrophils, mast cells and extravasated 
erythrocytes (hemorrhage). Numerous deep 
dermal and subcutaneous lymphatic vessels 
(not present in all slides) are markedly dilated 
by intraluminal accumulation of concentri- 
cally arranged, homogenous and acellular eo- 
sinophilic material (likely proteinaceous 
lymph) and rare foamy (activated) macro- 
phages. 

 
Liver: Multifocally infiltrating and effacing 
the liver, there is a well demarcated, densely 
cellular, infiltrative and non-capsulated neo- 
plastic proliferation. It is composed of con- 
fluent small islands, ribbons and nests of ne- 
oplastic cells showing occasionally central 

 
 

 
Figure 2-2. Haired skin, cat. Close examination of the 
shiny appearance  to the epilated skin.  (Photo courtesy 
of: University of Liverpool, Institute of Infection, Veter- 
inary and Ecological Sciences, Department of Veteri- 
nary Anatomy, Physiology and Pathology, Leahurst 
campus, Chester High Road,  Neston, CH64 7TE, United 
Kingdom) 
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Figure 2-3. Liver, cat. Umbilicated neoplasms are pre- 
sent within all hepatic lobes. (Photo courtesy of: Uni- 
versity of Liverpool, Institute of Infection, Veterinary 
and Ecological Sciences, Department of Veterinary 
Anatomy, Physiology and Pathology, Leahurst campus, 
Chester High Road, Neston, CH64 7TE, United Kingdom) 

necrotic cores (comedonecrosis) and sepa- 
rated by moderate amount of edematous eo- 
sinophilic   fibrovascular  tissue  (desmo- 
plasia). Neoplastic cells are polygonal, varia- 
bly sized 15-40 µm in length, showing indis- 
tinct cell borders, a moderate amount of eo- 
sinophilic fibrillary cytoplasm and a single, 
oval  nucleus,  bearing vesicular  chromatin 
and 1-2 prominent nucleoli. Anisocytosis and 
anisokaryosis are moderate and 6 mitoses are 
observed in 10 HPF (40x objective). Neo- 
plastic islands are also occasionally observed 
within blood vessels (tumor emboli). Embed- 
ded within the fibroblastic stroma, there are 
hemorrhages and scattered small compressed 
hepatocytes (compression atrophy). These 
hepatocytes occasionally have intracytoplas- 
mic finely granular dark brown to green pig- 
ment (likely lipofuscin). Centrilobular 
hepatocytes shows frequently intracytoplas- 
mic lipofuscin (geriatric finding). 

 
Contributor’s Morphologic Diagnoses: 
Haired skin – severe bilateral ventrally-or i- 
ented symmetrical alopecia with gliste ning 
appearance   with   multifocal erythema and 
crusts. 
Haired Skin – Mild multifocal to diffuse epi- 
dermal hyperplasia, with miniaturized and 

atrophic telogen hair follicles and multifo cal 
parakeratotic hyperkeratosis 
Haired skin – mild perivascular to interstit ia l 
neutrophilic and mastocytic dermatitis, with 
dermal edema 
Liver – cholangiocarcinoma 

 
Contributor’s Comment: 
The present case was characterized by wide- 
spread ventrally oriented bilateral and sym- 
metrical alopecia revealing a shiny and glis- 
tening skin, in conjunction with multiple he- 
patic masses, extending to the pancreas. His- 
tological examination revealed a widespread 
epidermal thickening with smaller hair folli- 
cles, containing very rare trichilemmal kera- 
tin. There was also a hepatic carcinoma, 
whose origin is most compatible with a chol- 
angiocarcinoma. Based on the present find- 
ings, a diagnosis of feline paraneoplastic alo- 
pecia was made. 

 
Feline paraneoplastic alopecia (FPA) is an in- 
frequent but characteristic cutaneous disorder 
and has  been reported in  feline  patients  with 
a variety of neoplasms. Usually, FPA mani- 
fests between 7 and 16 years of age. It is clas- 
sically associated with pancreatic carcinomas 
and bile duct carcinomas; nevertheless, other 
tumors such as hepatocellular carcinoma,4 

 

 
Figure 2-4. Haired skin and liver, cat. A section of haired 
skin (top) and liver (bottom) are submitted for exami- 
nation. At subgross  magnification,  the haired  skin has 
a remarkably paucity of follicles and adnexa, and a 
large multinodular neoplasm is present within the liver. 
(HE, 7X) 
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metastasizing intestinal carcinoma,3 pancre- 
atic neuro-endocrine and  hepatosplenic 
plasma cell tumor1 have been associated with 
this condition. 

 
The characteristic glistening appearance with 
the mild epidermal hyperplasia and the se- 
vere atrophy and miniaturization of the hair 
follicles are considered key elements in the 
diagnosis. The skin is shiny, inelastic but not 
fragile, in contrast to that in hyperadrenocor- 
ticism: the latter is characterized by atrophic 
and telogenized hair follicles with epidermal 
atrophy rather than the  hyperplasia  observed 
in this case. 

 
In FPA, it is reported that the  stratum 
corneum is often missing, likely due to exces- 
sive grooming (although a clear evidence for 
this  is  lacking).  This  change,  together  with 
the patchy parakeratosis, is what is consid- 
ered to give the spectacular shiny appearance. 
In the present case, both parakeratosis and ab- 
sence of stratum corneum are present and al- 
ternating one with the other. Although the 
stratum corneum is often absent,  the absence 
of the granular layer of the epidermis is in- 
consistently reported in the FPA reports.4 

 
As in other reported FPA cases,6 crusting, in 
association with Malassezia sp. prolifera t io n 
was observed in the ear pinna skin but not in 
the submitted skin sample, and there was also 
paw pads fissuring and ulceration. 

 

 
Figure 2-5. Liver, cat. The neoplasm is composed of 
nests, islands, and trabeculae of epithelial cells on a 
moderately dense fibrous stroma. (HE, 35X) 

 

 
Figure 2-6. Liver, cat. High magnification of neoplastic 
cells. (HE, 381X) 

 

Adnexae are usually normal or mild ly 
atrophic. In the present case, normal seba- 
ceous glands were intermixed with mild ly 
atrophic ones. The apocrine glands, instead, 
were diffusely dilated and lined by flattened 
epithelial cells exhibiting evident suprabasi- 
lar  cleft-like  changes,  compatible  with  either 
a genuine supra-basilar  vacuolar  degenera- 
tion or artefact. 

 
Another unreported and striking finding  was 
the presence of eosinophilic acellular (Congo 
red-negative) material in the deep lympha t ic 
vessels, possibly suggestive of a protein rich 
fluid. There was some discussion about the 
origin of this change, as they could represent 
dilated mammary glands/ducts lined by very 
atrophic epithelial cells. 

 
The hepatic neoplasia was cytologically and 
behaviorally  malignant  and  consistent  with 
an epithelial origin (i.e. carcinoma). The nod- 
ule in the pancreas showed an overlapping 
morphology with hepatic one, complicat ing 
the identification of the origin of the neo- 
plasm. According to the bigger size of the he- 
patic masses and the histomorphology, a bile 
duct carcinoma (cholangiocarcinoma)  is be- 
lieved to be more likely. Nevertheless, other 
tumors, including exocrine pancreatic carci- 
noma or neuroendocrine pancreatic  carci- 
noma cannot be fully excluded. 

 
The pathogenesis of this cutaneous lesion has 
not been understood, due to its relative rarity. 
Considering that all the FPA-related tumors 
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reported show a variable neoplastic invasio n 
of the liver, it can be hypothesized that some 
hepatic metabolic derangement are responsi- 
ble of the cutaneous disorder. 

 
Contributing Institution: 
University of Liverpool, Institute  of  Infec- 
tion, Veterinary and Ecological Sciences 
Department of Veterinary Anatomy, Physiol- 
ogy and Pathology 
Leahurst campus 
Chester High Road, Neston, 
CH64 7TE, 
United  Kingdom 

 
JPC Diagnosis: 
1. Liver:   Carcinoma,   poorly differentiated. 
2. Haired skin, epidermis and adnexa: Atro- 
phy, diffuse, severe, with telogenization of 
follicles. 

 
JPC Comment: 
The contributor lists two differential diagno- 

ses that were discussed by conference partic- 
ipants: pancreatic carcinoma and neuroendo- 
crine tumor. Participants could  not  defini- 
tively determine the cell of origin based on 
H&E and thus  favored  the  diagnosis  of 
poorly differentiated  carcinoma.  Addition- 
ally, participants remarked on the hepatic 
stellate cell (Ito cell) hyperplasia present 

 

Figure 2-7. Liver, cat. Neoplastic cells are strongly pos- 
itive for cytokeratins (AE1/AE3, 400X) 

 

 
Figure 2-8. Liver, cat. Neoplastic cells are immunonega- 
tive for Hep-Par1, a hepatocyte stain. (anti Hep-par1, 
400X) 

 

throughout the liver, which may have been 
secondary to or unrelated to the neoplasm. 

 
This case is a classic example of parane- 
oplastic syndrome: the manifestation of a dis- 
ease in a separate organ system secondary to 
malignancy elsewhere in the body. While 
paraneoplastic syndromes in the integume n- 
tary system are uncommon in  animals,  sev- 
eral distinct conditions have been reported.1 

Since integumentary lesions are easily de- 
tected by owners and often precede signs of 
the primary malignancy, paraneoplastic syn- 
dromes are frequently the reason for init ia l 
presentation of the patient. 

 
Exfoliative dermatitis is another example of 
paraneoplastic syndrome causing alopecia in 
cats. This syndrome occurs secondary to thy- 
momas in cats, rarely in rabbits, and anecdo- 
tally in a dog, though spontaneous (non-neo- 
plastic) cases occur in cats as well.5,7 Grossly, 
there is patchy to diffuse  scaling  and  alope- 
cia, with accumulation of brown waxy mate- 
rial around the claws and mucocutaneo us 
junctions.5 Histologically, there is variable 
lymphocytic interface dermatitis and mural 
folliculitis with orthokeratotic  hyperkerato- 
sis, hydropic degeneration of keratinocytes, 
and decreased to absent sebaceous glands. 5, 7 
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Paraneoplastic pemphigus has rarely been re- 
ported in dogs, a cat, and a horse and have 
occurred secondary to sarcomas and thymic 
lymphomas.1,5,7 This is a rapidly progressive, 
severe condition characterized by blistering, 
erosions, and ulcerations at the mucocuta ne- 
ous junctions and on mucosal surfaces. His- 
tologically, the syndrome shares features of 
pemphigus vulgaris, with suprabasilar acan- 
tholysis, and erythema multiforme, with a cell-
rich lymphohystiocytic interface derma- titis.5, 7 

Necrolytic migratory  erythema,  also  known 
as superficial necrolytic dermatitis or hepato- 
cutaneous syndrome, occurs in dogs  and 
rarely in cats secondary to glucagonoma and 
certain non-neoplastic conditions  like  diabe- 
tes mellitus and hepatic disease.1, 5, 7  In cats, 
the condition has also been reported second- 
ary to  pancreatic carcinoma, hepatic car- 
cinoid, and lymphoma.7 Grossly,  there  is 
scaling and alopecia with  erythema,  blister- 
ing, and ulceration around the  face,  pinnae, 
and pressure points (i.e. elbows). The  paw 
pads are frequently  thickened  and  fissured.1 , 

5, 7 Histologically, there is diffuse parakera- 
totic hyperkeratosis, severe hydropic degen- 
eration and acanthosis within the superfic ia l 
stratum spinosum, and hyperplasia in the 
deeper stratum spinosum and stratum basale, 
imparting a distinct red,  white,  and  blue 
striped appearance, and there is minimal in- 
flammation. 5, 7 

Nodular dermatofibrosis is another parane- 
oplastic syndrome of the skin which occurs in 
German shepherd dogs and  occasionally 
other large breed dogs in conjunction with re- 
nal cysts, renal cystadenocarcinomas, and 
uterine leiomyo- mas.1, 5 These manifest as 
multifocal, slow-growing, nodular collagen- 
ous hamartomas typically in the subcutis and 
dermis of the extremities.1, 5 Other reported 
paraneoplastic syndromes affecting the skin 
include necrotizing panniculitis (secondary 

to pancreatic neoplasia or  pancreatitis  in 
dogs, cats, and horses), cutaneous flushing 
(secondary to pheochromocytomas in dogs), 
and generalized pruritus (secondary to lym- 
phoma in dogs and horses).1, 5 
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CASE III: 
 

Signalment: 
Adult (unknown age), female, Brazilian 
hedgehog/Brazilian porcupine (Coendou 
prehensilis) 

 
History: 
This porcupine was captured in a transitio nal 
region (native forest area on the outskirts of a 
small town) and sent to  the Veterinary 
Hospital (UFMT) quite dehydrated and with 
swollen and wrinkled skin on its head. The 
animal received support treatment, but  died 
the next day. 

 
Gross Pathology: 
The animal was submitted to necropsy and 
showed good conservation status. On the skin 
of the head (ear, periocular  region,  lateral 
face, muzzle  and submandibular  region),  and 
in the perigenital region there were papules 
with irregular  coalescing  plaques,  separated 
by superficial to deep  grooves  and  
moderately erythematous. These changes in 
the periocular region caused eyelid slit 
occlusion, blocking the view of the eyeball. 
Additionally, in the nasal and perioral plane 
region, there were yellowish crusts  and  a  
slight superficial erosion of the skin. In the 
internal examination, no  significa nt 
alterations were observed. 

 

 
Figure  3-2.  Haired  skin,  Brazilian  porcupine.    Similar 
plaques are present on the genitalia as well. (Photo 
courtesy of Universidade Federal de Mato Grosso, Fac- 
uldade de Medicina Veterinária, Hospital Veterinário, 
Laboratório de Patologia Veterinária, https:// 
www.ufmt.br/ufmt/site/, Av. Fernando Corrêa da 
Costa,  nº  2367  - Bairro Boa Esperança. Cuiabá,  Brasil - 
MT - 78060-900) 

Laboratory Results: 
A pan-pox universal PCR practice was 
performed9 and subsequent amplico m 
sequencing, revealing 100% identity with the 
Brazilian porcupinepox virus (BPoPV). 

 
Microscopic Description: 
In the skin section, there are epidermal and  
hair  follicles  epithelial   sheathing   with 
intense proliferation and thickening 
(acanthosis).  In  the epidermis, 
interdigitations  towards the dermis (rete 
pegs) are frequent. Multifoca l ly, 
keratinocytes show intracytoplasmic edema 
and vacuolization (ballooning degeneratio n). 
Intercellular edema and mild to moderate, 
random, multifocal acantholysis are  also 
seen, mainly at the basal and spinous layers, 
and are often keratinocytes with round/oval, 
eosinophilic, intracytoplasmic inclus io n 
(Bollinger bodies). In the epidermis and hair 
follicles, there  are  multifocal  areas  of 
necrosis associated with moderate to severe 
neutrophil infiltration. There is a diffuse and 
moderate thickening of the stratum  corneum 
in the epidermis, in which cell contours and 
finely elongated nuclei are seen,  interspersed 
or paved with basophilic coccoid bacterial 
colonies (Brown & Hopps methods: gram 

 
Figure 3-1.  Haired skin, Brazilian hedgehog.  Plaques of 
thickened crusted skin coalesce over the face of this 
hedgehog. (Photo courtesy of Universidade Federal de 
Mato Grosso, Faculdade de Medicina Veterinária, Hos- 
pital Veterinário, Laboratório de Patologia Veterinária, 
https:// www.ufmt.br/ufmt/site/, Av. Fernando Corrê a 
da Costa, nº 2367 - Bairro Boa Esperança. Cuiabá, Brasil 
- MT - 78060-900) 
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Figure 3-3. Haired skin, Brazilian porcupine. A single 
section of haired skin is submitted for examination. At 
subgross magnification, there is diffuse marked epider- 
mal hyperplasia. (HE, 7X) 

 

positive), associated with cellular debris of 
neutrophils and keratinocytes. In the dermis, 
from the dermic-epidermic junction to the 
adipose panniculus there is an infiltra t io n 
composed of lymphocytes, plasma  cells  and 
in multifocal to coalescent areas along with 
mononucleated inflammatory  cells  that 
present distended and eosinophilic cytoplasm 
with peripheral nucleus. Connective  tissue 
fibers are separated (edema) with a discrete 
myxoid  appearance, especially in the 
superficial dermis. 

 
Contributor’s Morphologic Diagnoses: 

1. Hairy skin, vulva: Proliferat ive, 
necrotic, multifocal to coalescent 
epidermitis with parakeratotic 
hyperkeratosis, intracytoplasmic inclus io n 
bodies in keratinocytes and intraepider mal 
and follicular pustules. 
2. Hairy skin, vulva: Diffuse, 
accentuated, and subacute 
lymphohistiocytic dermatitis. 

 
Contributor’s Comment: 
Poxvirus is one of the largest and  most 
complex known viruses. It is a double-  
stranded DNA virus which comprises a wide 
variety of  susceptible  species  (vertebrates 
and invertebrates). Historically, it has as its 
main representative the variola virus 
(VARV), which causes human smallpox, the 
most devastating infectious disease in 
history.3,11 In the present case, the 
morphological findings observed in this 

Brazilian porcupine (Coendou prehensilis) 
are consistent with an infection caused by a 
new genus of poxviruses belonging to the 
family Poxviridae, subfamily Chordopox- 
virinae. The first report of this infect io n 
occurred in 2019 in Brazil, in a free-living 
Brazilian porcupine that had lesions 
characteristic  of  poxvirus  infection  (There 
are approximately 1000 km of distance 
between the case reported by Hora in 2019 
and this case). As it is phylogenetica l ly 
distinct from the other poxviruses previously 
reported, this poxvirus was named Brazilian 
Porcupinepox Virus (BPoPV).6 

 
Brazilian porcupine (OC) is an arboreal 
rodent belonging to the Erethizont idae 
family, found in forests and riparian areas in 
several South  American  countries.  This 
animal is more frequently observed in Brazil, 
where in the last two years have  been reports 
of OC showing characteristic clinical signs of 
poxvirus infection, associated with high 
mortality. This situation increased the alert 
regarding the risk and threat  to  the 
conservation of this species.6 

 
Macroscopically,  the  lesions   are 
characterized by wrinkling, thickening and 
skin erythema of the head,  limbs, and 
genitals.6 Initially, these lesions appear as 
papules that coalesce and transform into 
plaques. Microscopically, the lesions occur 
mainly at the  mucocutaneous junction,  and 
are characterized  by  prolifera t ive 
(hyperplasia and hyperkeratosis) and 
degenerative (ballooning degeneration and 
intercellular edema) changes in keratinocytes 
with visualization of intracytoplas m ic 
eosinophilic viral inclusions.6 These 
macroscopic and microscopic changes were 
also seen in this case and are typically related 
to poxvirus infection.11 

 
Other rodents and also lagomorphs are also 
susceptible to poxvirus infections, but with 
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clinical manifestations, different from those 
presented by porcupines. Among them, 
myxomatosis in rabbits stands out, a fatal 
disease caused by the  myxoma  virus 
(MYXV), a leporipoxvirus belonging to the 
Poxviridae family that is antigenica l ly 
associated with the  rabbit fibroma  virus.  1,4 It 
is characterized by the presence of cutaneous 
nodules (myxomas) around the eyes, nose, 
mouth, ears and genitalia.  It can also  present 
in the amyxomatous (respiratory) form, with 
different degrees of severity.1 ,6 

Microscopically, skin lesions consist of 
proliferation of stellate mesenchymal cells 
surrounded by a mucinous matrix. 
Intracytoplasmic inclusions are also observed 
in various cell types, as well as hyperplasia 
and/or degeneration in keratinocytes.8 

 
Another member of the Poxviridae  family  is 
the rabbit fibroma virus (Shope), initia l ly 
considered a benign disease, however, it can 
cause high morbidity  and  mortality  in 
newborn animals. It is characterized by flat, 
mobile subcutaneous nodules  that  occur 
mainly on the limbs, feet, ears, muzzle and 
around the eyes, regressing spontaneously 

within a few months.  Microscopic 
examination of skin lesions reveals 
proliferation of mesenchymal cells  that 
become stellate or ovoid  with  multifo cal 
areas of necrosis and inflammatory infiltra tes 
of mononuclear and  polymorphonuc lear 
cells.8 

 
Squirrel fibromatosis (SF) is caused by a 
poxvirus of the genus Leporipoxvir us, 
subfamily Chordopoxvirinae, and is also 
closely associated  with  rabbit  fibroma  virus. 
It has been described in red squirrels 
(Tamiasciurus hudsonicus), gray squirrels 
(Sciurus carolinensis) and fox squirrels 
(Sciurus niger). Macroscopically, the disease 
is characterized by firm, alopecic dermal 
nodules. Microscopically, typical poxviral 
lesions, epidermal hyperplasia, ballooning 
degeneration and intracytoplasmic inclus io n 
bodies are observed, and the proliferation of 
atypical fibroblasts in the superficial dermis 
makes it distinct from other infections.2 

 
It has been reported in pygmy mice 
proliferative epidermal lesions on the tail and 
paws caused by a poxvirus. Lesions appeared 

 

 
Figure 3-4. Haired skin, Brazilian porcupine. There is marked epidermal hyperplasia, acanthosis and hyperkeratosis which 
extends down into follicular ostia. (HE, 55X) 
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as firm, irregular, and pedunculated  masses. 
On microscopic examination, the epidermis 
presents orthokeratotic and parakeratotic 
hyperkeratosis, ballooning degeneration of 
keratinocytes, and intracytoplas m ic 
eosinophilic viral inclusions. Molecular 
analyzes identified that this poxvirus did not 
belong to any recognized genus until March 
2018, this new species  being  called 
Brazospox virus,5 therefore molecular 
methods play a fundamental role in the 
identification and monitoring of the 
propagation of new poxviruses  in  wild 
animals,  allowing  warnings  about  the  risk 
and emergence of  diseases  that  represent 
risks to the conservation of species, 
especially those that are threatened. 

 
Contributing Institution: 
Universidade Federal de Mato Grosso, 
Faculdade de Medicina Veterinária, Hospital 
Veterinário, Laboratório de Patologia 
Veterinária, https:// www.ufmt.br/ufmt/site/, 
Av. Fernando Corrêa da Costa, nº 2367 - 
Bairro Boa Esperança. Cuiabá, Brasil - MT - 
78060-900 

 
JPC Diagnosis: 
Haired skin, epithelium: Hyperplasia, dif- 
fuse, severe, with ballooning degeneratio n, 
necrosis, and intracytoplasmic viral inclu- 
sions. 

 
JPC Comment: 
The contributor provides both an informa t ive 
example of the novel Brazilian porcupine 
poxvirus and a broad overview of the Lep- 
oripoxvirus genus. These  viruses  all  belong 
to the subfamily Chordopoxvirinae, or pox- 
viruses which  infect  vertebrates.6  There  are 
ten genera and several newer unclassified vi- 
ruses within this subfamily.6 The Orthopox- 
virus genus contains  several  poxviruses 
which are zoonotic or pathogenic to humans, 
including both the  historically  devastating 
and now eradicated variola virus (smallpo x) 

 

 
Figure 3-5. Haired skin, Brazilian porcupine. Numerous 
keratinocytes, often displaying ballooning degenera- 
tive changes, contain 2-4 um round intracytoplasmic vi- 
ral inclusions. (HE, 663X) 

 

and the newer emerging public health threat, 
monkeypox virus.6, 12, 16 

Smallpox has affected the human population 
for millennia, with evidence of smallpox le- 
sions in Egyptian mummies from 1186-1070 
BC.12 Smallpox is estimated to have caused 
400,000 deaths annually in Europe in the 
eighteenth century and up to 4 million  deaths 
in the Aztec and Incan empires after introduc- 
tion of the virus to the Americas.12 Initial vac- 
cines were developed in the eighteenth cen- 
tury, and after a widespread eradication cam- 
paign, the World Health Organization de- 
clared the disease eradicated in the late 
1970s.16 Importantly, smallpox has a very 
narrow host range and lacks an animal reser- 
voir, which made it susceptible to eradication 
strategies and contrasts with the wide host 
range of monkeypox virus.12 

Monkeypox virus was first identified in 
cynomologous macaques imported from Af- 
rica into Copenhagen, Denmark in 1958.12, 16 

This discovery lead to the somewhat inaccu- 
rate naming of the virus,  whose  largest 
known reservoir is rodents.16 Monkeypox in- 
fections have been documented in  a  wide 
range of animals, including numerous species 
of mice and rats, prairie dogs, hedgehogs, 
opossums, wild boar, several monkey and 
macaque species, orangutans, chimpanzees, 
and gorillas.12 The first report of infection in 
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a human occurred in 1970 in the Democratic 
Republic of Congo (previously Zaire). Hu- 
mans can be infected from direct or indirect 
contact with animals, such as bites, scratches, 
and the hunting of small animals for bush- 
meat.16 

After 1970, case rates slowly increased in 
Central and West Africa.16 Some of this 
spread is attributed to waning population im- 
munity after termination of smallpox vac- 
cination campaigns, which had offered cross 
protection against other orthopox-viruse s; 
other factors include  increased  interactio n 
with wildlife, civil unrest, and population dy- 
namics.16 Sporadic outbreaks outside of Af- 
rica occurred due to import of infected  ani- 
mals (United States in 2003) and  interna- 
tional travel (UK and Israel in 2018).16 

The current monkeypox outbreak began in 
May 2022 and has been designated as a pub- 
lic health emergency of international concern 
by the World Health Organization.1, 18 As of 
September 2, 2022, 51,163 laboratory con- 
firmed cases and 17 deaths have been re- 
ported in 102 countries around the world.1 

Transmission occurs through large respira-  
tory droplets and direct contact with skin le- 
sions, and over 95% of reported cases are in 
men who have sex with men.1,  18  Clinica l 
signs include fever and  lymphadenopat hy, 
with painful skin lesions such as papules, 
pustules, and ulcers most commonly found in 
the anogenital area,  trunk  and  limbs,  or 
face.18 

In the current outbreak, only one case of 
monkeypox to date has been reported in a 
companion animal.14,17 A four year old male 
Italian greyhound living in a household  with 
two humans infected monkeypox developed 
mucocutaneous pustules and ulcers.17 Swabs 
from the skin lesions were PCR positive for 

monkeypox and showed 100%  homology 
with the virus isolated from one of the human 
owners.17 
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CASE IV: 
 

Signalment: 
17-year-old, female spayed, domestic short- 
hair cat (Felis catus) 

 
History: 
The patient presented for evaluation of pro- 
gressive weight loss and inappetence. Recent 
increase in seizure activity. Newly diagnosed 
pulmonary mass, presumptive pulmonar y 
carcinoma. Historical small cell lympho ma, 
chronic rhinitis, hyperthyroidism, acute cere- 
bral infarction. 

 
Clinical Diagnosis: 
1. Historical acute cerebral infarction 
2. Stable small cell lymphoma 
3. Pulmonary carcinoma 
4. Hyperthyroidism 
5. Chronic idiopathic rhinitis 
6. Acute exacerbation of neurologic signs 
7. Progressive weight loss - metastatic  dis- 
ease 

 
Gross Pathology: 
The mucosa of the body of the stomach is 
markedly expanded by irregular, cobble- stone-
like thickening  of  the  gastric  rugae (rule out 
neoplasia vs proliferative gastritis vs 
lymphofollicular hyperplasia. The irregular 
mucosal thickening up to 2.5 mm can be ap- 
preciated within the mucosa  upon sectioning 
of the fixed tissue. 

 
Laboratory Results: 
Abdominal ultrasound of the stomach was 
normal. 

 
Microscopic Description: 
Two sections of gastric wall from the 
body/pylorus of the stomach are examined. 
The mucosa is highly folded and increased in 
thickness, measuring up to 2 mm. The thick- 
ened mucosa comprises increased numbers of 
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gastric pits lined by abundant mucus contain- 
ing epithelial cells (mucus neck  cells)  which 
are typically lined by a single  epithelial  cell, 
but multifocally pile up to 2-3  cell  layers 
thick. Chief and parietal cells are present but 
comprise a minority of the  mucosal  area. 
There are increased numbers of inflamma tory 
cells throughout the lamina propria, with ec- 
tatic gastric  glands  and  frequent  glandular 
and luminal nematode parasites. Nematode 
parasites range from 20-30 um in diameter, 
with regularly arranged, evenly spaced cutic- 
ular spicules. These parasites have platym- 
yarian-meromyarian musculature, a pseudo- 
coelom with a large  intestine  composed  of 
few   multinucleated cells and reproductive 
structures. Moderately increased amounts of 
fibrous connective tissue  are noted  through- 
out the lamina propria, sometimes concentri- 
cally surrounding and separating glands that 
contain nematode   parasites. Inflamma t io n 
consists of predominantly lymphocytes with 
fewer plasma cells, macrophages and eosino- 
phils throughout the lamina propria. Lym- 
phocyte aggregates are occasionally present 
without formation   of  follicular structures. 
Multifocally, ectatic gastric glands contain 
sloughed cells and necrotic cell debris with 
occasional nematode parasites. The lining 
glandular  epithelium of these  dilated  glands 
is multifocally attenuated. The submucosa 

 

Figure 4-1. Stomach, cat. The mucosa of the body of the 
stomach is markedly expanded by irregular, cobble- 
stone-like thickening of the gastric rugae (Photo cour- 
tesy of Animal Medical Center, 510 East 62nd St. New 
York, NY 10065, www.amcny.org) 

 

 
Figure 4-2. Stomach, cat. A cross-section of the gastric 
mucosa is irregularly thickened up to 2.5mm. (Photo 
courtesy of Animal Medical Center, 510 East 62nd St. 
New York, NY 10065, www.amcny.org) 

 

contains adipose tissue (within normal  limits 
for spp). 

 
Contributor’s Morphologic Diagnoses: 
Stomach: Gastritis, proliferative, lympho- 
cytic, chronic, marked with fibrosis, lumina l 
and glandular nematode parasites (morphol- 
ogy consistent with Ollulanis tricuspis) 

 
Contributor’s Comment: 
The grossly identified cobblestone-like thick- 
ening of the stomach  mucosa  corresponds 
with proliferative gastritis and nematode par- 
asitism. Numerous nematode parasites ob- 
served throughout the mucosa were histolo g- 
ically consistent with trichostronglyes, for 
which Ollulanus tricuspis is given primary 
consideration.6 Confirmatory ancillary tests 
were not performed. Ollulanis tricuspis is a 
small (0.7-1.0 mm length) trichostrongl yid 
nematode with worldwide distribution.4 This 
parasite is typically found in the stomach of 
domestic cats but has been reported in large, 
non-domestic felids (including captive chee- 
tah, tigers, lions and cougars), dogs, red foxes 
and pigs.2,4,5,7,10 Ollulanis tricuspis has a di- 
rect life cycle, transmitted by ingestion of in- 
fected vomitus.2,4,5,7-10 No paratenic or inter- 
mediate hosts have been identified.5 O. tri- 
cuspis is larviparous, third stage (L3) larvae 
developing in the uterus. L3s eliminated in 
the vomitus are thought to be infective and 
can remain viable for up to 12 days. A single 
sample of vomitus can contain 0 to greater 
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than 170 parasites.5,7 Feral and colony-raised 
cats may have a higher likelihood of being in- 
fected due to the concentration of numerous 
cats in a small area.9 It has  been suggested 
that infected long-haired cats are more  likely 
to transmit the parasite because of more fre- 
quent vomiting due to a higher tendency to 
develop gastric trichobezoars.8,9 

 
Infection with this parasite is frequently inci- 
dental.4 The parasite is thought to increase 
gastric mucus  production.7  Clinical  signs, 
when present include  anorexia, weight  loss 
and intermittent vomiting, however heavy in- 
fections can cause severe gastritis, neoplastic 
transformation and rarely death.4,10 Vomiting 
has been reported as the most common clini- 
cal sign.4 This patient  had  multiple  concur- 
rent comorbidities, some of which could also 
present with vomiting (e.g.  intestinal  small 
cell lymphoma), however, gastrointest inal 
signs were not listed as a prominent clinica l 
concern in the  historical  summary.  Despite 
the large numbers of parasites and  promi- 
nence of the gastric mucosal proliferation, in- 
fection with this parasite was most likely in- 
cidental. 

 
In felids with O.  tricuspis  parasitism, the 
gross appearance of the stomach can vary, de- 
pending upon the severity of the infect io n, 
ranging from macroscopically normal  to 
grossly evident gastritis with mucosal hyper- 
plasia and rugal thickening.8 In one study, 

 

 
Figure 4-3. Stomach cat. The mucosa is highly folded 
and increased in thickness, measuring up to 2 mm. 
(Photo courtesy of Animal Medical Center, 510 East 62nd 

St. New York, NY 10065, www.amcny.org)(HE, 100X) 

only 1 of 26 cats infected with O.  tricuspis 
had grossly visible gastric lesions.9 Reported 
histologic lesions include  mucosal  hyper- 
plasia, mucosal erosion, fibrosis, increased 
mucosal lymphoid  aggregates (some   of 
which display large germinal centers) and in- 
creased globule leukocytes.7,8,9,12 In this case, 
gastritis predominantly comprised lympho- 
cytes with lymphocyte aggregates but no for- 
mation of follicular structures. Increased 
globule leukocytes were not observed. Muco- 
sal proliferation is attributed to hyperplasia of 
mucus containing epithelial cells of the gas- 
tric pits. Parasites were generally observed 
within gastric glands as well as the gastric lu- 
men. Fibrosis was also noted, sometimes 
concentrically surrounding glands with lu- 
minal parasites. Fibrosis was more promine nt 
in the deeper portions of the stomach, just su- 
perficial to the muscularis mucosa, as has 
been previously reported.8 

 
Other nematode parasites reported in the 
stomach of cats include Gnathostoma sp, 
Cylicospirura felineus, Physaloptera, Cy- 
athospirura sp, Aleurostrongylus abstrusus, 
Spirocerca lupi, Aonchotheca putorii, other 
Trichostronglyus spp and oxyurids of prey 
animals (e.g.  mice).4,5,12  The  demonstratio n 
of regular cuticular spicules is  considered  a 
key distinguishing morphologic feature  of 
adult O. tricuspis.4,6,9 These small parasites 
can be easily overlooked (both at postmortem 
examination and clinical examination of 
vomitus), thus the occurrence may be under- 
estimated, as parasites or eggs are not typi- 
cally present in feces.4 Adult O. tricuspis usu- 
ally die due to the high pH of the small intes- 
tine and are digested before excretion into the 
feces.5 Small worm burdens may lead to dif- 
ficultly observing or identifying parasites in 
histologic samples. In studies involving post- 
mortem examination of stomach samples, 
worms were only identified in  half  the  cats 
with O. tricuspis in three histologic sections, 
however, all cats had inflammatory changes 
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consistent with O. tricuspis infection.9 Thus, 
pathologists should carefully ev- 
aluate samples of gastric mucosa in which the 
typical histologic features of O. tricuspis in- 
fection are observed. A differential diagnosis 
in captive cheetah is infection with gastric 
spiral bacteria (Helicobacter spp) which can 
chronic gastritis.5 Antemortem methods of 
diagnosing infections with this parasite  in- 
clude antemortem gastric washings or gastric 
mucosal scrapings in addition to obtaining 
endoscopic biopsies. Postmortem peptic di- 
gestion of stomach samples can also be per- 
formed.5,7 

 
Contributing Institution: 
Animal Medical Center, 510 East 62nd  St. 
New York, NY 10065, www.amcny.org 

 
JPC Diagnosis: 
Stomach, pylorus: Gastritis, proliferat ive, 
chronic, diffuse, moderate, with mucous neck 
cell hyperplasia, glandular atrophy, and lu- 
minal and intraglandular  trichostrongyle 
adults and larvae. 

 
 
 
 
 

Figure 4-4. Stomach cat. Gastric glands in the deeper 
mucosa are surrounded by fibrous connective tissue, 
contain low numbers of a mixed inflammatory popula- 
tion, and cross sections of adult trichostrongyle nema- 
todes. (Photo courtesy of Animal Medical Center, 510 
East 62nd St. New York, NY 10065, www.amcny.org) 
(HE, 400X) 

 

 
Figure 4-5. Stomach, cat. Cross sections of the nema- 
todes demonstrate evenly spaced cuticular ridges (ar- 
row) and platymyarian-meromyarian musculature. 
(Photo courtesy of Animal Medical Center, 510 East 62nd 

St. New York, NY 10065, www.amcny.org) (HE, 400X) 
 

JPC Comment: 
The contributor provides a  thorough  report 
on this nematode in the stomach  of cats.  As 
the contributor mentions, low O. tricuspis 
burdens can make histopathologic examina- 
tion an insensitive means of detection of the 
parasite, and the absence of parasites in his- 
tologic sections may lead pathologis ts 
searching for other differentials. One rare non-
parasitic differential which  causes  simi- lar 
histologic lesions is chronic hypertrophic 
gastritis, or Ménétrier’s-like disease. In this 
condition, gastric rugae are diffusely  thick- 
ened with variable  cystic  glandular  dilation.1 , 

11 Histologically, there is mucous cell hyper- 
plasia and atrophy of the oxyntic glands cou- 
pled with a mononuclear infiltrate within the 
mucosa.1, 11 While Ménétrier’s disease and its 
canine equivalent are rarely reported, there is 
only  a single  report of a similar  condition   in 
a cat.1 The patient was a young adult  domes- 
tic shorthair cat with a history of chronic 
weight loss and increased appetite.1 Gastric 
biopsies showed mucosal hypertrophy with 
variable cystic glandular dilation, glandular 
atrophy, fibrosis, and lymphoplasmacytic in- 
flammation.1 While no  evidence  of  parasit- 
ism was observed on histology, the patient in 
this report was euthanized without necropsy, 
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so the authors were unable to conduct ancil- 
lary testing to rule out O. tricuspis. 1 

 
As the contributor mentions, Ollulanis nem- 
atodes and eggs are rarely  found  in  feces; 
thus, a few unique methods can be used to de- 
tect infection. Antemortem  diagnosis  typi- 
cally involves cytologic  examination  of gas- 
tric fluid collected through gastric lavage or 
induction of emesis.3 The specimen is centri- 
fuged or filtered through a Baermann appa- 
ratus prior to cytologic  examination, which 
has an estimated sensitivity of 70%.3 In post- 
mortem specimens, rice-grain sized scrapings 
collected from various areas of the gastric 
mucosa are mixed with saline (and KOH if 
needed) and examined cytologically.3 Pep- 
tide-digestion can also be conducted, but is 
more laborious and involves everting and 
soaking the entire stomach in pepsin  diges- 
tion fluid at 37 degrees Celsius for up to  8 
hours and examining the sediment for nema- 
todes.3 
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WSC 2022-2023 Self-assessment. 
Conference 4  

 

1.  Which of the following forms is inhaled by a susceptible host, initiating an infection with 
Histoplasma capsulatum? 

a. Aelurospores 
b. Hyphae 
c. Yeasts 
d. Microconidia 

 
2. Neoplasms of which of the following has not been associated with paraneoplastic alopecia in 

cats? 
a. Liver 
b. Lung 
c. Intestine 
d. Neuroendocrine system 

 
3. Hair follicles in cats with paraneoplastic alopecia are present in which stage?. 

a. Anagen 
b. Catagen 
c. Telogen 

 
4.  Which of the following is a characteristic change in keratinocytes following poxviral infection?. 

a. Ballooning degeneration 
b. Apoptosis 
c. Dysplasia 
d. Dyskeratosis 

 
5. Ollulanus tricuspis is transmitted via? 

a. Respiratory secretions 
b. Wounds 
c. Feces 
d. Vomit 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 

 
Signalment: 
15-month-old, female, French bulldog, Canis 
lupus familiaris 

 
History: 
Fifteen month old French bulldog with 
chronic diarrhea for months that occasionally 
contained blood but not always. Some weight 
loss with a current BCS 4.5/10. Fecal smear 
was positive for giardia. Treated with fen- 
bendazole / metronidazole. No more blood 
reported in stools but still chronic diarrhea. 
The dog was euthanized and the necropsy re- 
vealed a very thickened large intestine and 
distal small intestine. Owner says they have 
had other dogs with similar symptoms with- 
out any successful treatment. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Within the submitted and examined sections 
of colon the mucosa and underlying submu- 
cosa is markedly expanded by a dense infil- 
trate composed of large numbers of macro- 
phages admixed with lesser numbers of neu- 
trophils, lymphocytes, and plasma cells. 
These macrophages often contain abundant 

vacuolated cytoplasm with karyorrhectic de- 
bris and rare intracytoplasmic basophilic rod- 
shaped bacteria. There is also multifocal to 
coalescing ulceration of the mucosa that var- 
ies from superficial to nearly full thickness. 
The deep mucosa and submucosa underlying 
the most severely affected areas contains in- 
creased numbers of neutrophils. The colonic 
glands are mildly hyperplastic with evidence 
of regeneration including piling of glandular 
epithelium, karyomegaly, increased cyto- 

 
 

Figure 1-1. Colon, French bulldog. Multifocal ulcera- 
tion and erosion of the colonic mucosa along with an 
expanded submucosa with marked increased cellular- 
ity. (HE, 5X) (Photo courtesy of: Kansas State Veteri- 
nary Diagnostic Laboratory (KSVDL), 
http://ww.ksvdl.org/) 

95

http://ww.ksvdl.org/)


 

 
Figure 1-2. Colon, French bulldog. Area of mucosal ul- 
ceration with underlying diffuse infiltration of the sub- 
mucosa. The adjacent intact mucosa is also expanded 
by a marked cellular infiltrate. (HE, 40X) (Photo cour- 
tesy of: Kansas State Veterinary Diagnostic Labora- 
tory (KSVDL), http://ww.ksvdl.org/) 

plasmic basophilia, and frequent mitotic fig- 
ures. Occasionally these glands contain small 
numbers of intraluminal spirochete-like or- 
ganisms. 

 
The macrophages present within the mucosa 
and submucosa contain frequent PAS posi- 
tive material within their cytoplasm. 

Contributor’s Morphologic Diagnoses: 
Colon: Histiocytic and ulcerative colitis, 
multifocal to coalescing, severe 

 
Contributor’s Comment: 
Histiocytic ulcerative colitis (HUC), also 
known as granulomatous colitis (GC), is a 
chronic enteropathy of dogs that was first re- 
ported in 1965.15 It is histologically charac- 
terized by marked infiltration of the colonic 
mucosa and submucosa by large, periodic 
acid-Schiff (PAS)-positive macrophages; 
these are typically accompanied by mucosal 
ulceration, loss of goblet cells8, and infiltrates 
of lymphocytes, plasma cells, and neutro- 
phils.1,13,15 Histopathological demonstration 
of macrophages with intracytoplasmic PAS 
positive material has been accepted as the 
pathognomonic feature of HUC4,10 and the 
PAS positive material is considered to be gly- 
coprotein from bacterial cell walls.9 

 
Although this condition has nonspecific gross 
lesions, findings in previously reported cases 
include reduction in the colonic length, ec- 
centric thickening of the intestinal wall, and 

 

 
Figure 1-3. Colon, French bulldog. Intact mucosa with glandular hyperplasia and a cellular infiltrate within the lamina propria 
and submucosa. (HE, 4.5X) (Photo courtesy of: Kansas State Veterinary Diagnostic Laboratory (KSVDL), http://ww.ksvdl.org/) 
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Figure 1-4. Colon, French bulldog. Eosinophilic intra- 
cytoplasmic material is contained within histiocytes in 
the lamina propria. (PAS, 400X) 

multifocal to coalescing areas of ulceration 
that can be present in the colon, cecum and 
rectum.2,4,14 Clinical features include chronic 
diarrhea, increased frequency of defecation, 
and feces that are soft, tan, granular, glisten- 
ing, and sometimes or always contain blood. 
Affected dogs are afebrile and late in disease 
often develop dehydration with weight loss.16 

 
HUC has been described most commonly in 
young Boxers and French Bulldogs, although 
it has been sporadically reported in a variety 
of other breeds; Mastiff, Alaskan Malamute, 
Doberman Pincher, American Staffordshire 
Terrier1, and Beagle.2,13,14 It has also rarely 
been reported in cats, including a Persian- 
crossbred and two domestic shorthaired 
cats.6,9,15 

 
HUC was previously regarded as an idio- 
pathic immune-mediated disease14, and alt- 
hough the exact cause and pathogenesis are 
still not well understood, recent reports have 
identified Escherichia coli in both ca- 
nine1,2,5,7,8,11 and feline cases.6,9 In both spe- 
cies, clinical remission as well as histologic 
resolution has been described after eradica- 
tion of the invasive E. coli by use of antibiot- 
ics including Enrofloxicin.8,9 The response to 
these treatments varies by case and antibacte- 
rial resistance, especially to enrofloxacin, can 

affect the outcome with nonresponsive or re- 
fractory cases.14 Thus, the regression of clin- 
ical and histologic lesions suggest that E. coli 
has a critical role in the development of 
HUC.9 The predisposition of Boxers to HUC 
is thought to be due to a heritable anomaly 
that confers susceptibility to the invasion and 
persistence of an adherent and invasive group 
of E. coli.1 The rarity of disease in cats may 
suggest variation in hereditary and host sus- 
ceptibility to E coli-induced HUC between 
dogs and cats.9 

 
Contributing Institution: 
Kansas State Veterinary Diagnostic Labora- 
tory (KSVDL) 
http://ww.ksvdl.org/ 

 
JPC Diagnosis: 
Colon: Colitis, histiocytic and ulcerative, dif- 
fuse, marked, with glandular hyperplasia. 

 
JPC Comment: 
While the presence of PAS-positive cytoplas- 
mic material in macrophages on histopathol- 
ogy is virtually pathognomonic for histio- 
cytic ulcerative colitis, fluorescent in-situ hy- 
bridization (FISH) is the definitive diagnostic 
test for identifying E. coli in this condition.3, 

8, 12 This technique uses fluorescent probes to 
specifically target and hybridize with E. coli 

 
 

Figure 1-5. Colon, French bulldog. Eosinophilic intra- 
cytoplasmic material is contained within histiocytes in 
the submucosa. (PAS, 40X) 
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16S ribosomal rDNA, thus enabling identifi- 
cation and localization of the bacteria within 
HUC lesions.8 In addition to allowing direct 
observation of E. coli within macrophages, 
FISH has several methodological ad- 
vantages: it can be conducted on formalin- 
fixed paraffin-embedded sections, it is not 
confounded by normal flora present in the co- 
lon, and it can detect multiple bacterial spe- 
cies at once.12 

 
Two recent reports have described the corre- 
lation of histologic and cytologic findings in 
two dogs with HUC.3, 12 Both dogs had a his- 
tory of chronic diarrhea and hematochezia 
and were painful with thickened, irregular 
mucosa on rectal exam.3, 12 Rectal scrapings 
in both dogs revealed mixed inflammation 
and occasionally macrophages contained 
pink cytoplasmic granules or phagocytosed 
bacteria.3, 12 In one case, the pink cytoplasmic 
material was confirmed to be PAS-positive.3 

In both cases, HUC was confirmed with his- 
topathology and FISH.3, 12 These are the first 
published reports of cytologic findings of 
HUC, so the sensitivity and specificity of rec- 
tal scrapings for this condition is unknown.12 

The results suggest, however, that cytologic 
examination may be helpful as an initial test 
for guiding further diagnostics, particularly 
since it is non-invasive, economical for own- 
ers, and does not require a specialized labor- 
atory for analysis. 
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CASE II: 

 
Signalment: 
Two 6-month-old, black, American mink 
(Neovison vison), one male and one female. 

 
History: 
A farm of approximately 50,000 all black, 
American mink experienced increased mor- 
tality within two shelters. Approximately 15- 
20 animals died over the course of two days, 
with two submitted for necropsy. 

 
Gross Pathology: 
Two reportedly six-month-old, black mink 
weighing 1.9 kg (female) and 2.4 kg (male) 
were necropsied. The bodies of both were in 
good condition (BCS 3/5) and postmortem 
autolysis was moderate. The lungs in both an- 
imals were diffusely firm and mottled bright 
red to purple with areas of paler color. At 

least one section of lung from both animals 
sank in formalin; other sections floated. 

 
Laboratory Results: 
Black mink, female, lung tissue, Aerobic cul- 
ture: 4+ Pseudomonas aeruginosa. 

 
Black mink, male, lung tissue, Aerobic cul- 
ture: 4+ Pseudomonas aeruginosa - sensitiv- 
ity performed on female, see Table 2-1. 

 
Microscopic Description: 
Lung. Sections of lung in which there is dif- 
fuse, coagulative necrosis and suppurative in- 
flammation effacing up to 90% of the pulmo- 
nary parenchyma. These areas contain ne- 
crotic cell debris, seroproteinaceous fluid, 
neutrophils and myriad clusters of small, 
gram-negative bacteria. In nearby alveoli, 
there is intraalveolar hemorrhage. Several 
bronchioles are occluded or partially oc- 
cluded by aggregates of fibrin and neutro- 
phils, and cell debris. 

 
Contributor’s Morphologic Diagnoses: 
Lung: Bronchopneumonia, severe, acute, dif- 
fuse, hemorrhagic, fibrinosuppurative. 

 
 
 
 
 

Figure 2-1. Lung, mink. A single, diffusely consolidated 
section of lung is submitted for examination. (HE, 5X) 
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Figure 2-2. Lung, mink. Alveoli are filled with variable combinations and concentrations of viable and necrotic neutrophils, 
fewer macrophages, cellular debris, fibrin, and edema, and innumerable bacterial rods. (HE, 154X) 

Contributor’s Comment: 
Pseudomonas aeruginosa is a known cause 
of contagious, hemorrhagic bronchopneumo- 
nia in farmed mink, although most mustelids 
are susceptible.4 It was first described in 
1953.10 It is a seasonal disease most com- 
monly seen in September to November. It is 
often acute and fatal and some mink can be 
found with blood around the nostril and 
mouth without previous signs of illness.17,18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2-1 

Experimentally, the organism can be carried 
in the nasal cavity without causing disease. 
There are various serotypes and genotypes 
and many of these form biofilms.14,19 Also, 
numerous vaccines and other therapeutic 
strategies have been investigated.8 In one 
study, Phage YH30 delivered intranasally re- 
duced disease severity.7 Antibiotic resistance 
is common in Pseudomonas spp. and can 
vary geographically and  temporally;  antibi- 

otic resistance 
and sensitivi- 
ties seen here 
are different 
than those pre- 
viously re- 
ported.14 Out- 
breaks of hem- 
orrhagic pneu- 
monia      have 
been associ- 
ated with he- 
molytic Esch- 
erichia coli in- 
fection as 
well.16 

ANTIBIOTIC MIC (µG/ML) INTERPRETATION 
AMIKACIN < 1.000 µg/ml Sensitive 
AMOXICILLIN/CLAVULANIC ACID >64.000 µg/ml Resistant 
AMPICILLIN >48.000 µg/ml Resistant 
CEFPODOXIME >64.000 µg/ml Resistant 
CEPHALOTHIN >128.000 µg/ml Resistant 
CHLORAMPHENICOL 32.0 µg/ml Intermediate 
CLINDAMYCIN >12.000 µg/ml Resistant 
ENROFLOXACIN 0.4 µg/ml Sensitive 
GENTAMICIN 1.5 µg/ml Sensitive 
IMIPENEM < 0.750 µg/ml Sensitive 
MARBOFLOXACIN Sensitive 
ORBIFLOXACIN 2.0 µg/ml Intermediate 
TETRACYCLINE 16.0 µg/ml Resistant 
TMP/SULFA >12.000 µg/ml Resistant 
TOBRAMYCIN < 0.380 µg/ml Sensitive 
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Figure 2-3. Lung, mink. There are areas of septal necrosis scattered throughout the section. Septa are discontinuous with 
multifocal hemorrhage and exuded fibrin, not to mention the large numbers of bacilli within the expanded alveoli. (HE, 381X) 

firm.2 Bronchopneumonia may be caused by 
Contributing Institution: 
Oregon State University, Carlson College of 
Veterinary Medicine, Veterinary Diagnostic 
Laboratory 
https://vetmed.oregonstate.edu/diagnostic 

 
JPC Diagnosis: 
Lung: Pneumonia, fibrinosuppurative, dif- 
fuse, severe, with septal necrosis, vasculitis 
and innumerable perivascular and alveolar 
bacilli. 

 
JPC Comment: 
Jubb, Kennedy, and Palmer’s Pathology of 
Domestic Animals delineates four main mor- 
phologic types of pneumonia: bronchopneu- 
monia, interstitial pneumonia, bronchointer- 
stitial pneumonia, and embolic pneumonia.2 

 
Bronchopneumonia is caused by aerogenous 
delivery of bacteria to the terminal bronchi- 
oles, causing the hallmark lesion of an exu- 
date at the broncho-alveolar junction.2 Exu- 
dates can be found in the bronchi, bronchi- 
oles, and alveoli, but the bronchiolar epithe- 
lium is typically normal.2 The distribution is 
typically cranioventral, and affected lobes are 

opportunistic pathogens during times of im- 
munosuppression, impaired pulmonary de- 
fenses (i.e. viral or Mycoplasma infection), or 
exposure to overwhelming numbers of bacte- 
ria. 2 

 
Interstitial pneumonia is characterized by in- 
flammation and damage within the alveolar 
septae and the adjacent terminal bronchi- 
oles.2 Interstitial pneumonia commonly fea- 
tures diffuse alveolar damage, or damage to 
pneumocytes and/or alveolar capillary endo- 
thelial cells.2 Acutely, this leads to exudation 
and hyaline membrane formation followed 
by type II pneumocyte hyperplasia, all of 
which interfere with gas exchange.2 Pulmo- 
nary fibrosis follows in the chronic phase of 
interstitial pneumonia.2 Grossly, affected 
lungs will fail to deflate and may have rib im- 
prints and a rubbery texture.2 There are many 
subtypes and causes interstitial pneumonia, 
which include viral infections, inhalation of 
toxic gases or fumes, ingestion of certain tox- 
ins, ascarid larval migration, sepsis, and dis- 
seminated intravascular coagulation.2 In 
bronchinterstitial pneumonia, there is bron- 
chiolar damage and necrosis in addition to the 
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diffuse alveolar dam- 
age characteristic of 
interstitial pneumonia. 
2 

 
 

Embolic pneumonias 
are caused by hema- 
togenous showering of 
bacterial (or inflam- 
matory) emboli from a 
nidus of infection re- 
sulting in multifocal 
lesions throughout all 
lung lobes. 2,12 Embolic 
pneumonia frequently 
features pulmonary 
abscess formation.2 

While abscesses can 
also occur in broncho- 

 

 
Figure 2-4. Lung, mink. The large numbers of bacilli within the alveoli stain positively as 
gram negative on a tissue Gram stain. (Brown and Hopps, 400X) 

pneumonia, the cranioventral distribution 
distinguishes it from embolic pneumonia. 2 

Possible sources of emboli include hepatic 
abscesses, omphalophlebitis, or endocarditis, 
and embolic pneumonia has been described 
secondary to Pseudomonas aeruginosa in a 
puppy with necrotizing enteritis.12 

 
The distribution of histologic lesions led to 
spirited discussion among conference partic- 
ipants regarding the correct morphologic 
classification of this pneumonia. The patho- 
genesis of Pseudomonas pneumonia in mink 
is supports a diagnosis of bronchopneumo- 
nia, with aerogenous delivery of bacteria to 
the lower airways.12 In this case, however, 
much of the necrosis and bacterial colonies 

 

 
Figure 2-5. Lung, mink. Airways contain aggregates of 
neutrophils which infiltrate segmental areas of mural 
necrosis and loss of epithelium. (HE, 385X) 

are centered on blood vessels, leading a few 
participants to consider embolic pneumonia 
as a morphologic pattern. The contributor did 
not describe any possible nidus of infection 
in this case, and perivascular localization of 
bacteria is characteristic in Pseudomonas 
pneumonias of both mink and rats.16 Since the 
pathogenesis and histologic appearance do 
not fit into one precise category, participants 
decided not to further subtype the morpho- 
logic diagnosis beyond pneumonia. 

 
Pseudomonas aeruginosa is typically an op- 
portunistic pathogen which causes disease in 
immunocompromised animals or animals 
with surgical implants.11 The bacteria thrives 
in moist environments, such as water bottles 
in laboratory animal enclosures, and gains 
entry through the gastrointestinal tract or by 
penetrating inflamed or injured oronasal mu- 
cosa or intertriginous skin.1,11 In immuno- 
compromised mice and rats, infection can 
lead to bacteremia and gram-negative septi- 
cemia with vasculitis, thrombosis, and necro- 
sis in multiple organs, including the lung, 
liver, spleen, and kidneys.1 The bacteria can 
also lead to deep pyoderma, septic arthritis, 
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discospondylitis, otitis, and a number of other 
conditions.1,6,11 Due to the bacteria’s propen- 
sity for moist environments, improperly chlo- 
rinated pools and hot tubs can harbor P. ae- 
ruginosa, and human skin can be inoculated 
by abrasive surfaces, resulting in two self- 
limiting but painful conditions: acute follicu- 
litis and pseudomonas hot-foot syndrome 
(nodules of suppurative inflammation on the 
hands and feet).5 

 
The pathogenicity of P. aeruginosa is deter- 
mined by a number of virulence factors, in- 
cluding exotoxins which are toxic to macro- 
phages and epithelial cells, a type III secre- 
tion system for injecting proteins directly into 
cells, elastase which destroys pulmonary mi- 
crobe clearance mechanisms like mucin, and 
immunomodulatory alkaline protease A.11,15 

P. aeruginosa also produces two relatively 
unique virulence factors: pyocyanin, a redox 
metabolite, and pyoverdine, a siderophore.9 

These virulence factors are pigments that can 
impart a blue-green discoloration to superfi- 
cial infections.9 Rabbits with moist dermatitis 
and P. aeruginosa develop blue-green tinged 
fur.12 In humans, Pseudomonas can cause 
green nail and green foot syndromes, and, 
when associated with intertrigo, causes blue- 
green staining of undergarments.9 Indeed, 
when P. aeruginosa was first cultured from 
blue-green pus in superficial wounds in the 
1880’s, it was aptly dubbed Bacillus pyocya- 
neus, or “bacteria of blue pus”.19 The current 
name also references this distinctive hue: ae- 
rugo is Latin for copper rust, which is char- 
acteristically green.19 
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CASE III: 
 

Signalment: 
Five year old intact male ferret (Mustela 
putorius furo), mustelid. 

 
History: 
This is the second ferret from a rescue facility 
to present to the referring veterinarian in a se- 
verely debilitated state, emaciated, dehy- 
drated and hypothermic. The ferret was eu- 
thanized. 

 
Gross Pathology: 
This male ferret was in emaciated body con- 
dition, with a poor, sparse hair coat and hair 
loss of the distal tail. Internally, there were 
still some subcutaneous adipose stores in the 
inguinal fatpad, around the kidneys and in the 
mesentery, however there was generalized 
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muscle wasting. The heart was globose. The 
adrenal glands were small and symmetrical. 
Small intestinal content was scant, and there 
were soft dark brown feces in the colon. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Small intestine: Diffusely throughout the sec- 
tion, there is villus blunting and fusion with 
loss of goblet cells and marked cryptal epi- 
thelial hyperplasia, characterized by elon- 
gated and tortuous crypts lined by tall colum- 
nar epithelial cells with abundant lightly eo- 
sinophilic cytoplasm and elongate vesicular 
nuclei. The crypt epithelium is disorganized 
and occasionally piles up to five cells thick at 
the base of the crypts. There is frequent single 
cell death within the mucosal epithelium, 
characterized by individualized and hypereo- 
sinophilic enterocytes with fragmented or 
condensed nuclei; mitotic figures are also fre- 
quent. Occasional crypt lumens are dilated, 
lined by attenuated low columnar to cuboidal 
epithelium, and contain necrotic cellular de- 
bris or mucinous fluid. The lamina propria 
and submucosa are variably expanded by 
clusters of lymphocytes, plasma cells and 
macrophages. The villus epithelium is pre- 
dominantly intact, multifocally attenuated at 

 

 
Figure 3-1. Colon, ferret. One section of colon with 
marked thickened and rugose mucosa is submitted for 
examination. (HE, 7X) 

the surface, and contains scattered apicom- 
plexan organisms of various life stages, in- 
cluding meronts, macrogametocytes, micro- 
gametocytes and occasional oocysts visible 
within the luminal debris. 

 
Warthin Starry silver stains of the intestine 
reveal numerous argyrophilic curved small 
(approximately 5 x 1 micron) bacilli concen- 
trated in the apical cytoplasm of hyperplastic 
mucosal epithelial cells. Immunohistochem- 
istry was performed using a polyclonal anti- 
body to Lawsonia intracellularis, confirming 
the identity of the bacteria. 

 
DNA was extracted from the frozen intestine 
and from formalin-fixed paraffin-embedded 
tissue scrolls. PCR was conducted to amplify 
short regions of the nuclear 18S rDNA (231 
bp) and mitochondrial cytochrome c oxidase 
subunit I (COI) (512 bp). PCR and sequenc- 
ing of the resulting amplicons identified the 
coccidia present as Eimeria furonis. In addi- 
tion, measurement of 6 oocysts observed in 
the intestinal content averaged 12.1 x 10.6 
μm with a shape index of 1.14. These meas- 
urements are also consistent with the dimen- 
sions of oocysts of E. furonis. 

 
Contributor’s Morphologic Diagnoses: 
Enteritis, proliferative, chronic, moderate 
with villus atrophy, crypt abscesses and nu- 
merous argyrophilic intraepithelial bacilli 
(Lawsonia intracellularis), and intralesional 
coccidia (Eimeria furonis) 

 
Contributor’s Comment: 
The debilitated state of this adult ferret is as- 
sociated with concurrent infection by Law- 
sonia intracellularis and the coccidian para- 
site, Eimeria furonis. 

 
The histologic lesions in this case are domi- 
nated by changes due to infection by Law- 
sonia intracellularis. L. intracellularis is a 
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Figure 3-2. Colon, ferret. Colonic glands are hyperplastic and lack goblet cells. Hypercellularity is evident in the lamina propria. 
(HE, 60X) 

gram-negative, non-spore-forming, micro- 
aerophilic, curved rod, and is an obligate in- 
tracellular pathogen. It is the etiologic agent 
of proliferative enteropathy (PE), character- 
ized clinically by diarrhea associated with 
loss of functional mucosal surface area, as 
well as wasting due to protein-losing enterop- 
athy. Histologically, PE is characterized by 
thickening of the distal small and/or large in- 
testinal mucosa due to crypt enterocyte infec- 
tion and proliferation. PE is an important en- 
demic disease in swine herds and is also be- 
coming an important disease of horses, pre- 
dominantly weanling foals, worldwide. How- 
ever, the bacterium can cause disease in a 
broad host range including donkeys, ham- 
sters, rabbits, ferrets, foxes, dogs, rats, sheep, 
deer, emus, ostriches, nonhuman primates 
and guinea pigs.6 There are some differences 
in clinical and pathologic presentation of dis- 
ease among affected species. Mucosal hyper- 
plasia is characteristic of PE in all species, 
however the type and extent of associated in- 
flammatory reactions vary and may depend 
on host-specific differences.6 The bacterium 
infects intestinal crypt cells, causing altera- 

tions in host gene expression resulting in in- 
duction of cell proliferation and mucosal 
thickening, as well as inhibition of secretory 
goblet cell and absorptive enterocyte differ- 
entiation leading to altered mucosal integ- 
rity.2 These changes are associated with sim- 
ultaneous induction of Notch-1 signalling 
and attenuation of B-catenin/Wnt pathways.2 

 
Several species of coccidia have been re- 
ported to infect the intestinal tract of the fer- 
ret, including Isospora laidlawi, I. evers- 
manni, Eimeria ictidea, E. furonis, and E. vi- 
sion. Emeria hiepei also has been reported to 
infect the biliary epithelium. E. furonis is the 
most commonly identified species, and is 
generally associated with subclinical infec- 
tions. E. furonis infects the small intestinal 
and rectal epithelium although there is a sin- 
gle case report of infection of the epithelium 
of hepatic bile ducts and gallbladder.5 Speci- 
ation of Eimeria is based on differentiating 
characteristics including host affected, spe- 
cific location of the parasite within the host, 
and organism size and shape. This Eimeria 
species has approximately 12.8 x 12.0 μm di- 
ameter, roughly spherical oocysts containing 
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Figure 3-3. Colon, ferret. Colonic glands are tortuous with cellular basophilia, nuclear crowding, and numerous mitotic figures. 
Goblet cells are absent. (HE, 194X) 

4 sporocysts each with 2 sporozoites. By 
comparison, E. ictidea, a closely related spe- 
cies, has oocysts measuring 23 x 17.5 µm. 
Laboratory identification can be assisted by 
sporulating viable oocysts from fresh feces in 
the laboratory, or using molecular tech- 
niques.1 

 
Although historically rarely associated with 
clinical disease in ferrets, a recent report by 
Sledge et al. documents severe outbreaks of 
enteric coccidiosis due to E. furonis in three 
ferret rescue shelters, a situation similar to 
the case described here.5 Clinical signs in 
these groups of affected animals included 
foul-smelling diarrheic feces, melena, leth- 
argy, weight loss, dehydration, anorexia and 
weakness. In one of the reported outbreaks in 
a shelter population of 42 ferrets, greater than 
half were clinically affected and 7 died, while 
in a second group of 63 ferrets, 13 died and 
at least 21 additional animals displayed clin- 
ical signs but recovered. No other co-patho- 
gens were discovered in these groups in this 
study. The authors suggest that high popula- 
tion density and the dynamic population 

structure of these groups, with regular intro- 
ductions of newly rescued or adopted naïve 
animals may have predisposed to outbreak 
situations. Diagnosis can be challenging, as 
shedding of oocysts may be intermittent and 
may occur in low enough numbers to be not 
easily detected by routine fecal examination. 

 

 
Figure 3-5. Colon, ferret. Warthin Starry silver stains 
of the intestine reveal numerous argyrophilic curved 
small bacilli concentrated in the apical cytoplasm of 
hyperplastic mucosal epithelial cells. (WS, 600X) 
(Photo courtesy of: Animal Health Laboratory, Univer- 
sity of Guelph, Guelph, Ontario, Canada 
http://ahl.uoguelph.ca) 
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Figure 3-4. Colon ferret. Glands occasionally contain 
necrotic epithelial cells admixed with few neutrophils 
and cellular debris (crypt abscesses). The lamina pro- 
pria is expanded by moderate numbers of neutrophils, 
lymphocytes and plasma cells. (HE, 194X) 

 
 

Contributing Institution: 
Animal Health Laboratory, University of 
Guelph, Guelph, Ontario, Canada 
http://ahl.uoguelph.ca 

 
JPC Diagnosis: 
1. Colon: Colitis, proliferative, diffuse, se- 
vere with decreased goblet cells. 
2. Colon: Intraepithelial apicomplexan schi- 
zonts, gamonts, and oocysts, few. 

 
JPC Comment: 
Proliferative enteropathy is an economically 
important disease of swine production, with 
an estimated 96% of farms affected and a lost 
production cost of US $1 to $5 for every clin- 
ically affected pig.7 In swine, Lawsonia in- 
tracellularis infection can cause an acute 
hemorrhagic enteropathy; in chronic cases, it 
can cause proliferative intestinal adenomato- 
sis or, in cases of secondary infection, can 
progress to necrotic enteritis.7 Pigs are in- 
fected through ingestion of the bacteria, 
which survive the acidic environment of the 
stomach and, once in the intestine, use polar 
flagella to reach the enterocytes.3, 7 The exact 
mechanism by which the bacteria enters en- 
terocytes is unknown but may be mediated by 
a type III secretion system (T3SS).7 The bac- 

teria proliferates by binary fission in the api- 
cal cytoplasm of infected cells.7 Spread of in- 
fection between enterocytes occurs mainly 
when infected progenitor cells giving rise to 
infected progeny; however, cell-rupture and 
liberation of bacteria can also lead to infec- 
tion of neighboring enterocytes.3, 7 

 
There are still many unknowns regarding 
pathogenesis of proliferative enteropathy, as 
the obligate intracellular and microaerophilic 
nature of L. intracellularis hinders research 
efforts.9 A recent study in yeast identified a 
potential effector protein, named LI1035, in- 
jected by the bacteria’s T3SS that may target 
the MAPK system and affect cell growth.9 

Another study demonstrated that L. intracel- 
lularis can survive and possibly proliferate in 
porcine macrophages in vitro.3 

 
A recent in vivo study in pigs uncovered the 
possible mechanisms behind mucosal hyper- 
plasia and inhibition of goblet cell differenti- 
ation.2 As the contributor mentions, the cell 
signaling pathways β-catenin/WNT and 
Notch are complex intracellular mechanisms 
which control homeostasis and differentia- 
tion of enterocytes. Wnt-1 interaction with 

 
Figure 3-6. Colon, ferret. Curved small bacilli in the 
apical cytoplasm of enterocytes detected using a pol- 
yclonal antibody to Lawsonia intracellularis. (anti-L. 
intracellulare, 40X) (Photo courtesy of: Animal Health 
Laboratory, University of Guelph, Guelph, Ontario, 
Canada http://ahl.uoguelph.ca) 
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the membrane-bound Frizzled receptors pre- 
vents auto-phosphorylation of cytoplasmic β- 
catenin, which then migrates to the nucleus 
and induces gene expression associated with 
proliferation of intestinal stem cells, the pre- 
cursor to transit-amplifying progenitor cells.2, 

4 Separately, Notch receptor activation leads 
to translocation of the Notch receptor intra- 
cellular domain (NICD) into the nucleus, 
which stimulates gene expression that drives 
progenitor cell differentiation into an absorp- 
tive enterocyte and suppresses differentiation 
into the secretory phenotype (i.e. goblet 
cell).2 Huan et. al demonstrated that L. intra- 
cellularis infection was associated with in- 
creased levels of NICD1 and decreased levels 
of goblet-cell associated ATOH1 and MUC2. 
Their study also demonstrated increased cy- 
tomembranous (and thus decreased nuclear 
signaling) of β-catenin, which in mice in- 
duces proliferation of progenitor cells.2 This 
study provides a glimpse into the uncertain 
yet costly pathogenesis of L. intracellularis 
infections. 
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CASE IV: 
 

Signalment: 
5 year, 2 month old female Beagle dog (Canis 
familiaris) 

 
History: 
A multiparous female from a breeding colony 
was noted to have bilaterally elevated nicti- 
tating membranes and a body temperature of 
99.8 °F. No other clinical signs were noted. 
Two days later the dog was found moribund 
and was humanely euthanized. Approxi- 
mately 5 years prior to this episode, the dog 
had been treated for respiratory disease 
(pneumonia). 

 
Gross Pathology: 
The animal was in good body condition with 
copious fat deposits. Caudal lung lobes con- 
tained multiple, gray brown, 0.5 - 1 cm diam- 
eter subpleural nodules. Stomach contents 
were dark brown with flecks. Small areas of 
petechiation and yellow chyme-like material 
were noted in the duodenal mucosa and lu- 
men respectively. No other gross lesions 
were noted. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Lung: In one or more subpleural or apical 
foci, alveoli are filled with macrophages, 
multinucleate giant cells, and amorphous 
pale gray-brown material; small accumula- 
tions of amorphous material are often within 
multinucleate giant cells. Some alveoli con- 
tain only amorphous material (without in- 
flammatory cells). Alveolar septa are thick- 
ened by fibrous connective tissue and infil- 
trated by varying numbers of mononuclear 
inflammatory cells. Amorphous material is 
strongly PAS positive, and exhibits birefrin- 
gent peripheral radial striation under polar- 
ized light. 

 

 
Figure 4-1. Lung, dog. In approximately 15% of the 
slide, subpleural alveoli are consolidated (HE, 5X) 

 
 

Contributor’s Morphologic Diagnoses: 
Pneumonia, granulomatous, multifocal, 
chronic, with intralesional hyaline material. 

 
Contributor’s Comment: 
Pulmonary hyalinosis is considered an inci- 
dental finding in older dogs characterized by 
intraalveolar accumulations of intracellular 
and extracellular amorphous or laminated, 
amphophilic, PAS-positive material and an 
accompanying macrophage and multinucle- 
ate giant cell response.2 Scientific literature 
concerning this condition is sparse. Although 
the initial report of “pulmonary granulomas 
associated with PAS-positive bodies” found 
a greater incidence in brachycephalic dogs,1 

others reported the lesion in laboratory bea- 
gles exposed to ionizing radiation.4 

 
Contributing Institution: 
Covance Laboratories, Inc, Madison, Wis- 
consin, USA. 

 
http://www.covance.com/industry-solu- 
tions/drug-development/services/safety-as- 
sessment/nonclinical-pathology-ser- 
vices.html 

 
JPC Diagnosis: 
Lung: Pneumonia, granulomatous, multifo- 
cal, moderate, with abundant intraalveolar 
and intrahistiocytic anisotropic hyaline mate- 
rial (Billups bodies). 
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Figure 4-2. Lung dog. Aggregates of amphophilic protein are present within alveoli (left) and in large areas of the lung; they 
have been surrounded and engulfed by macrophages within affected alveoli. Alveolar septa are expanded by fibrosis and 
moderate numbers of macrophages, lymphocytes, and plasma cells. (HE, 258X) 

Pathology in 1969, and retired as a colonel 
JPC Comment: 
This disease was first described by Dr. Leon- 
ard Billups and Dr. FM Garner in a manu- 
script published in Veterinary Pathology in 
1972. Dr. Billups had a long career as an es- 
teemed Army Officer and accomplished vet- 
erinary pathologist. He was a Vietnam vet- 
eran, completed his residency in veterinary 
pathology at the Armed Forces Institute of 

(O-6) in 1995. After retiring from active duty, 
he served as an associate professor of pathol- 
ogy and Dean of Administrative Services at 
Tuskegee University College of Veterinary 
Medicine from 1995-2009. Dr. Billups is re- 
membered within our organization as a con- 
summate professional, officer, and academic 
who ignited a passion for veterinary pathol- 
ogy in many of his students. 

 

 

 
Figure 4-3. Lung dog. Higher magnification of granulomatous inflammation surrounding in- 
tra-alveolar protein. (HE, 381X) 

As the contributor 
states, literature on 
pulmonary hyalino- 
sis is sparse. While 
not fully under- 
stood, this abnor- 
mal alveolar mate- 
rial may accumu- 
late due to in- 
creased production 
of an endogenous 
substance or de- 
creased mucocil- 
liary clearance or 
impaired macro- 
phagic breakdown 
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of endogenous or exogenous substances.5 In 
addition to being PAS positive, the hyaline 
material has been reported to be diastase re- 
sistant, positive for oil red-O, blue when 
stained with crystal violet, and negative for 
GMS, Giemsa, Prussian blue, and Congo 
red.1, 4, 5 

 
Pulmonary hyalinosis (PH) has recently been 
reported in captive sugar gliders and an in- 
bred strain of laboratory rabbits.3, 5 In a retro- 
spective review of sugar glider necropsies, 
pulmonary hyalinosis was identified in 6 an- 
imals from 18 autopsies with lung tissue 
available; the animals were of various ages, 
with two considered young, and PH was con- 
sidered the cause of death in one animal.5 In 
a separate study, the lesion was identified as 
an incidental finding in 8 of 13 aging audio- 
genic EIII/JC strain rabbits (which develop 
seizures after auditory stimuli).3 In this re- 
port, type II pneumocyte hyperplasia was fre- 
quently noted.3 The material was also immu- 
noreactive for surfactant protein-A (SPA) an- 
tibody, a finding that had not been evaluated 
in previous reports on PH.3 The authors pre 
ferred the term surfactant pneumonia as it 
more accurately described the etiology and 
avoids confusion with the epithelial hyalino- 
sis observed in laboratory mice.3 

 

Figure 4-4. Lung, dog. Intra-alveolar protein is PAS- 
positive. (PAS, 400X) (Photo courtesy of Covance La- 
boratories, Inc, Madison, Wisconsin, USA, 
http://www.covance.com/industry-solutions/drug- 
development/services/safety-assessment/nonclini- 
cal-pathology-services.html) 
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WSC 2022-2023 Self-assessment. 
Conference 5.   

 

1.  Which of the following is the cause of histiocytic ulcerative colitis in the dog? 
a. Mycobacterium avium 
b. Salmonella enteritidis 
c. Proteus vulgaris 
d. E. coli 

 
2. In addition to Pseudomonas aeruginosa, which of the following has been identified as causing 

hemorrhagic pneumonia in mink? 
a. Proteus vulgaris 
b. E. coli 
c. Salmonella typhimurium 
d. Staphylococcus intermedius 

3. True or false?  Infection with Lawsonia intracellularis impairs differentiation of absortive 
enterocytes. 

a. True 
b. False 

 
4. Eimeria furonis has also been identified in which of the following organs in mustelids? 

a. Gallbladder 
b. Urinary bladder 
c. Lens 
d. Spleen 

 
5. The amphophilic protein in pulmonary hyalinosis in the dog stains positively with which of the 

following? 
a. Gomori methenamine 
b. Periodic acid Schiff 
c. Colloidal iron 
d. Phosphotungstic acid hematoxylin 

 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
2-week-old, male castrated, Angus calf (Bos 
taurus) 

 
History: 
Ocular opacity, ocular and nasal discharge, 
foam coming out mouth and nose, dehydra- 
tion, abdominal distention, dyspnea. 

 
Gross Pathology: 
The body is in fair nutritional and postmor- 
tem condition. Multiple joints contain small 
amounts of fibrin. Across the mucosal sur- 
face of the larynx and trachea, there are 
loosely adherent, multifocal to coalescing, 
slightly raised, moist, tan plaques. The lungs 
are diffusely dark, wet, and slightly firm. 
Randomly distributed throughout all lung 
lobes are 50-100 targetoid, ~0.2 cm diameter 
nodules that range from tan to dark red. The 
myocardium heart is slightly mottled and 
pale. There is mild splenic enlargement and 
congestion of the renal medullary re- 
gions/vessels. The umbilicus is markedly 
thickened by fibrous tissue (chronic ompha- 
litis). Bilaterally, the umbilical artery lumens 
persist and are mildly distended with opaque, 
brown, slightly viscous fluid (interpreted as 
omphaloateritis). 

Laboratory Results: 
PCR Results: Lung tissue tested: 
Bovine coronavirus - negative 
Bovine herpes virus 1 – positive (CT value = 
21.77) 
Bovine parainfluenza 3 – negative 
Bovine syncytial virus - negative 
Bovine Viral Diarrhea - negative 
Influenza D virus – negative 
Malignant Catarrhal Fever – negative 
Mycoplasma bovis – negative 

 
Immunohistochemistry Results: Adrenal 
gland: 
BHV-1– positive staining (within foci of ne- 
crosis) 

 
Aerobic Culture Results: Lung and liver: 

 
 

Figure 1-1. Adrenal gland, ox. A section of adrenal gland 
is submitted for examination. There are extensive areas 
of necrosis, primarily within the cortex, but which may ex- 
tend into the medulla. (HE, 5X) 
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Figure 1-2. Adrenal gland, ox. Areas of necrosis are 
large coagulative in nature, but are undergoing lytic 
change, with infiltration of neutrophils admixed with 
cellular debris. (HE, 304X) 

1+ Pseudomonas aeruginosa, Staphylococ- 
cus sciuri and E. coli (postmortem over- 
growth) 

 
Microscopic Description: 
Adrenal gland: Scattered throughout the sec- 
tion, affecting both cortical and medullary re- 
gions, there are multifocal, random, variably 
sized, discrete areas of acute lytic necrosis af- 
fecting approximately 40% of the examined 
section. The foci of necrosis and inflamma- 
tion are characterized by hypereosinophilic 
accumulations of necrotic cellular debris, 
acute hemorrhage, fibrin exudation, and infil- 
tration by degenerating neutrophils and fewer 
mononuclear cells. Intact adrenal cortical and 

medullary cells bordering the foci of necrosis 
frequently show marginalization of nuclear 
chromatin and variably frequent, 2-4 µm di- 
ameter, eosinophilic to amphophilic intranu- 
clear inclusion bodies that are either sur- 
rounded by a clear halo or fill the nucleus. In- 
frequent multinucleate syncytial cells are 
noted at the margins of necrosis/inflamma- 
tion. Similar mixtures of degenerate neutro- 
phils and fewer mononuclear cells surround 
and variably infiltrate the adrenal capsule as 
well as associated vessels with nerves and 
ganglia being less affected. Subtle degenera- 
tion and lipid-vacuole loss is noted in the sur- 
rounding adipose tissue. 

 
Immunohistochemical staining for bovine 
herpesvirus 1 reveals abundant positive dark 
brown cytoplasmic and membrane staining 
associated with the foci of necrosis and virus- 
infected cells. 

 
Contributor’s Morphologic Diagnoses: 
Adrenal gland: Adrenalitis, necrotizing, ran- 
dom, acute with eosinophilic intranuclear in- 
clusion bodies (consistent with bovine her- 
pesvirus 1 adrenalitis) 

 

 
Figure 1-3. Adrenal gland, ox. Adrenocortical cells at the periphery of the necrotic areas contain a single eosinophilic intra- 
nuclear viral inclusion that peripheralizes chromatin. (HE, 590X) 
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Contributor’s Comment: 
Bovine herpesvirus 1 (BHV-1; Alphaherpes- 
virinae) infects a wide range of animals, in- 
cluding cattle, sheep, goats, llamas, swine, 
water buffalo, mustelids, and rabbits.2 The vi- 
rus is widespread among cattle populations 
and is the cause of the following clinical dis- 
ease patterns: infectious bovine rhinotrachei- 
tis (IBR), keratoconjunctivitis, bronchointer- 
stitial pneumonia, abortion, encephalitis, sys- 
temic herpesvirus infection in young calves, 
and pustular vulvovaginitis or balanopos- 
thitis in unvaccinated/naive cattle.2, 4 Routine 
vaccination has reduced the incidence of 
BHV-1 infections in both dairy and beef ani- 
mals but stress, or steroid treatment, may re- 
sult in reactivation of latent virus infections.4 

 
Respiratory infections usually involve the up- 
per respiratory tract (nasal mucosa and muz- 
zle inflamed) and lungs and can vary from 
subclinical to severe infections. Young ani- 
mals may also develop keratoconjunctivitis 
with or without upper respiratory disease, 
while young adult animals may also develop 
pustular vulvovaginitis or balanoposthitis 
when infected BHV-1.4 

Disseminated/systemic infections with multi- 
ple organ involvement have also been identi- 
fied and well documented in neonatal calves 
and fetuses infected with BHV-1.1, 5, 8, 14, 11 

Lesions in affected neonates and fetuses have 
been reported to involve the upper respiratory 
tract, lungs, oral cavity, esophagus, rumen, 
liver, kidney, spleen, as well as adrenal 
gland,1, 5, 8, 14 with enteritis and encephalitis 
being observed in some clinical cases.1, 5, 14 In 
this case, the calf age and lesion distribution 
best fits with the systemic form of BHV-1 in- 
fection in young calves. 

 
The adrenal lesions are consistent with those 
previously reported in systemic herpesvirus 
infection and are characterized as multifocal 
random foci of necrosis range from coagula- 
tive to lytic) accompanied by infiltration with 
scattered degenerate neutrophils.1,12 Like 
other reports, occasional eosinophilic intra- 
nuclear viral inclusion bodies and syncytial 
cells are observed amongst the necrotic cells 
as well as within intact virus-infected cells 
bordering foci of necrosis.1, 2, 12 As Moeller 
Jr. and others (2013) noted, microscopic le- 

 

 
Figure 1-4. Adrenal gland, ox. In some fields, almost every cortical cell contains an intranuclear viral inclusion (HE, 759X) 
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sions associated with neonatal BHV-1 infec- 
tion may be confined to the adrenal gland 
only (29/62 animals examined had adrenal le- 
sions only) and the diagnosis may be missed 
if adrenal gland is not sampled during post- 
mortem examination.12 

 
The source of BHV-1 transmission from in- 
fected dams to calves may occur in utero (late 
gestation) or during parturition and can result 
in fetal abortion or systemic disease in neo- 
natal or suckling calves (up to 1 month of 
age; clinical disease following a 2–6-day in- 
cubation period).2, 11, 12 Reactivation of latent 
infections or activation of modified live vac- 
cine strain virus may also be linked to envi- 
ronmental stressors and/or immunosuppres- 
sion (e.g., inadequate colostrum intact) have 
been shown to contribute to the expression of 
clinical disease in calves and cattle infected 
BHV-1.1, 9, 10 A limited vaccination history of 
dams and potential inadequate colostrum in- 
tact may account for the development of sys- 
temic disease in this calf. 

 
Contributing Institution: 
Department of Veterinary Clinical and Diag- 
nostic Sciences with the Faculty of Veteri- 
nary Medicine, University of Calgary. 

 
JPC Diagnosis: 
Adrenal gland: Adrenalitis, necrohemor- 
rhagic, multifocal to coalescing, moderate, 
with intranuclear viral inclusions and viral 
syncytia. 

 
JPC Comment: 
Bovine herpesvirus-1 is a double-stranded 
DNA virus which was first isolated in 1956.3 

There are three subtypes, BHV 1.1, 1.2a, and 
1.2b, which have slight variations in clinical 
presentation, pathogenicity, and geographic 
distribution.6 All subtypes can cause infec- 
tious bovine rhinotracheitis which is the most 
common presentation in feedlot cattle. BHV- 
1 is similar to Mycoplasma bovis, as seen in 

Conference 1 Case 3 earlier this year, in that 
it can damage host respiratory defense mech- 
anisms and predispose to secondary bacterial 
invaders, culminating in bovine respiratory 
disease complex (shipping fever), an eco- 
nomically important disease which costs at 
least $1 billion annually in the United States 
alone.7 

 
BHV lacks tissue tropism and can infect a 
wide range of cells, as illustrated in this case 
of systemic disease. BHV-1 attaches to the 
cell surface using envelope proteins gB and 
gC, interacts with the intercellular adhesion 
molecule Nectin-1 using envelope protein 
gD, and enters the cell after viral and cell 
membrane fusion.6 The virus can spread di- 
rectly between cells without cell lysis using a 
variety of other glycoproteins and can spread 
systemically through a cell-associated vire- 
mia.3,6,13 BHV-1 can also spread through rup- 
ture of infected cells. The virus induces pro- 
duction of “virus host shut off” (vhs) protein, 
so named because it disables cellular protein 
synthesis, compromises membrane stability, 
and ultimately results in cell necrosis.3 Virus 
particles liberated from ruptured cells can 
subsequently infect adjacent cells.3 In the air- 
ways, necrosis of epithelial cells disrupts the 
mucociliary apparatus, preventing clearance 
of inhaled particles and allowing bacterial 
deposition within the lungs.3 Additional, the 
virus can replicate in endothelial cells, caus- 
ing vascular damage and ischemia. Confer- 

 
Figure 1-5. Adrenal gland, ox. There are aggregates of 
lymphocytes and macrophages in the capsule, often 
overlying  areas  of  necrosis  deeper in  the  cortex. (HE, 
150X) 
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ence participants remarked on the lack of vi- 
ral inclusions in the endothelium in this case, 
which was surprising given the degree of ne- 
crosis in the section. 

 
BHV-1 also induces a transient immunosup- 
pression through a variety of mechanisms. 
Viral infection induces apoptosis of CD4+ T 
cells and impairs CD8+ CTL function by in- 
hibiting antigen processing and repressing 
MCHI expression.6 The vhs protein inhibits 
MHCII expression. Finally, viral bICP0 gene 
activity inhibits interferon gamma production 
by inhibiting interferon regulatory factor 
(IRF) 7 and stimulating proteosomic destruc- 
tion of IRF3.6 

 
Latency and recrudescence are a hallmark of 
herpesviral infection and make control and 
eradication of BHV-1 difficult.3,13 After ini- 
tial infection, BHV-1 spreads between cells 
and ultimately enters the peripheral nervous 
system.3 In respiratory infections, the virus 
becomes latent in the trigeminal ganglion, 
while genital infections result in latency in 
the sciatic nerve.13 Latency in other organs, 
including the tonsils, lymph nodes, blood, 
and spleen, has also been documented.6 La- 
tent infection and recrudescence are con- 
trolled by a few viral proteins and the host 
immune system.6 The latency-related (LR) 
gene is active early in infection of neurons 
and helps inhibits neuronal apoptosis, pro- 
ductive infection, and bICP0 expression.6 

Active cell-mediated immunity also enforces 
latency, and CD8+ T cells which persist in 
the infected ganglia produce IFN-gamma and 
may induce cytotoxicity to reduce viral 
spread.6 Stress (i.e. from shipping or intro- 
duction into a new herd) or administration of 
corticosteroids is associated with reduced LR 
expression, active viral replication, and re- 
crudescence. 6 
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CASE II: 

 
Signalment: 
0.5 years old, male, golden retriever (Canis 
familiaris) 

 
History: 
This dog was purchased through a breeder at 
7 weeks of age. At around 4 months of age, 
the dog started having uncontrolled wa- 
tery−mucoid diarrhea that was large volume 

and frequent. He was placed on metronida- 
zole and Proviable and needed to stay on the 
medication, as diarrhea would return when 
the drugs were not used. The dog was diag- 
nosed with carpal flexure deformity at 3 
months of age. Radiographs of the cervical 
spine and hips revealed mild hip dysplasia 
and shortened distal cervical vertebral bod- 
ies. The dog developed urinary accidents 
(normal volume) at home. On presentation to 
Iowa State University Teaching Hospital, the 
dog had lateral strabismus, vertical nystag- 
mus, ataxia that was worse in hind limbs with 
normal reflexes and placement and hopping, 
head tremor, and rectal mucosa felt very ir- 
regular on rectal palpation. The owner did not 
allow many additional tests; only creatine ki- 
nase, which was mildly increased at 378, and 
blood smear which showed possible granules 
in lymphocytes. The dog’s condition deterio- 
rated over a week and was euthanized. 

 
Gross Pathology: 
Small  intestine:  A  small  number (approxi- 
mately 10) of 2−5 cm in length and 2 mm in 

 

Figure 2-1. Cerebrum, dog. A single section of cerebrum 
is submitted for examination; there is no visible lesion at 
subgross magnification. (HE, 7X) 
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Figure 2-2. Cerebrum, dog. Diffusely, neurons are swollen by an accumulation of cytoplasm vacuoles which disperses Nissl 
substance. (HE, 381X) 

diameter, white, elongate nematodes with ta- 
pered ends (roundworms) were present mul- 
tifocally within the small intestinal lumen. 

 
Laboratory Results: 
Hepatic beta-hexosaminidase (Hex) An en- 
zyme activity in the liver was elevated. 

 
Microscopic Description: 
Brain (cerebral cortex at the level of internal 
capsule): Diffusely, neurons are moderate to 
markedly expanded by microvacuolated cy- 
toplasm, which often peripheralizes the nu- 
cleus and occasionally extends into and ex- 
pands proximal processes. Infrequently, neu- 
rons also contain larger vacuoles up to 8 mi- 
crons in diameter. Microglia are subjectively 
increased in number. There is rare neuronal 
necrosis, and rare blood vessels are cuffed by 
few lymphocytes. White matter is mildly vac- 
uolated with occasional spheroids and few 
vacuolated cells (small neuron or astrocyte 
morphology). The caudate nucleus is region- 
ally hypercellular with vascular proliferation 
and gliosis − extant neurons are similarly 
vacuolated. 

Other findings: 
Spinal cord (Slides not submitted): All spinal 
cord segments are similarly affected. Dif- 
fusely, neurons are variably expanded by 
abundant finely vacuolated cytoplasm, which 
often peripheralizes the nucleus and Nissl 
substance. Multifocal neurons contain larger 
vacuoles, up to 8 microns in diameter, con- 
taining pale eosinophilic material. Some neu- 
rons contain both foamy microvacuolated cy- 
toplasm and larger vacuoles. Glia appears un- 
affected. White matter and nerve rootlets 
contain scattered dilated and often empty 
axon sheaths. Meninges, blood vessels − no 
specific pathologic findings. 

 
Eye (Slides not submitted): Retinal ganglion 
cells are similarly enlarged and vacuolated 
with margination of the nucleus. 

 
Duodenum and colon (Slides not submitted): 
Myenteric and submucosal plexus neurons 
occasionally appear enlarged with mi- 
crovacuolated clear to eosinophilic cyto- 
plasm with marginated nuclei. 
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Figure 2-3. Cerebrum, dog. Neurons of all sizes are swollen with cytoplasmic vacuoles 

 
Urinary bladder (Slides not submitted): Gan- 
glion cells within the bladder wall are simi- 
larly enlarged and vacuolated. 

 
Mesenteric ganglion (Slides not submitted): 
Ganglion cells are markedly distended by 

similar microvaculated cytoplasm as de- 
scribed above. 

 
Contributor’s Morphologic Diagnoses: 
Cerebral cortex: Neuronal cytoplasmic vacu- 
olation, diffuse, moderate to severe. 

 
 

Table 2-1: Select sphingolipidoses 
 

Name Protein defect Ultrastructural 
feature of vacuole 

Histological features 

GM1 gangliosidosis beta-galactosidase Lamellar Vacuoles in neurons, astrocytes, 
endothelial cells, retinal cells, 
hepatocytes, and Kupffer cells 

GM2 gangli- 
osidosis 

B variant 
(Tay-Sachs 
disease) 

beta-hex- 
osaminidase 
(Hex) 

Alpha subu- 
nit of Hex A 

Lamellar Vacuoles in neurons and retinal 
ganglion cells 

O variant 
(Sandhoff 
disease) 

Beta subunit 
of Hex A and 
B 

AB variant Activator protein 
Sphingomyelinosis (Niemann- 
Pick disease) 

Sphingomyelinase Lamellar Vacuoles in macrophages and 
parenchymal cells in many tissues Cholesterol transporter 

Galactocerebrosidosis (galac- 
tosylceramide lipidosis, glo- 
boid cell leukodystrophy, 
Krabbe disease) 

Beta-galactocerebrosidase Tubular Vacuoles in oligodendrocytes, 
Schwann cells, macrophages, glo- 
boid cells, with demyelination 

Glucocerebrosidosis (gluco- 
sylceramidosis, Gaucher dis- 
ease) 

Glucocerebrosidase Tubular Vacuoles in neurons, macro- 
phages, Gaucher cells in the 
spleen, lymph nodes, liver, and 
bone marrow 
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Figure 2-4. Retina, dog. Ganglion cells of the retina are 
markedly dilated due to an accumulation of clear vacu- 
oles within the cytoplasm. (HE, 400X) (Photo courtesy of: 
Department of Veterinary Pathology, College of Veteri- 
nary Medicine, Iowa State University, https://vet- 
med.iastate.edu/vpath) 

 
Spinal cord, mesenteric ganglia: Neuronal 
cytoplasmic vacuolation, diffuse, moderate 
to severe. 

 
Retina: Retinal ganglion cell vacuolation, cy- 
toplasmic, diffuse, moderate. 

 
Contributor’s Comment: 

Microscopic changes in this dog were con- 
sistent with a lysosomal storage disease 
(LSD). Vacuolation was predominantly, if 
not solely, intraneuronal affecting the central, 
autonomic nervous systems, and retina. The 
vacuoles were positive for luxol fast blue 
(myelin stain) but negative for PAS stain, in- 
dicating the inclusions are composed pre- 
dominately of lipid. Ultrastructural examina- 
tion of the affected neurons revealed that the 
vacuoles contain concentric lamellated inclu- 
sions which are most consistent with the 
GM1 and GM2 gangliosidoses or sphingo- 
myelinosis. 

 
Sphingolipidoses are characterized by ge- 
netic defects in catabolism of glycosphin- 
golipids which are normal components of cell 
membranes and extracellular matrix. In ani- 
mals, based on protein defects, there are at 

least five important types, including GM1 
gangliosidosis, GM2 gangliosidosis, sphin- 
gomyelinosis, galactocerebrosidosis, and 
glucocerebrosidosis (table 2-1)5–7. These 
protein defects lead to impaired function of 
lysosomal enzymes themselves or proteins 
assisting lysosomal enzymes in substrate pro- 
cessing. Ultrastructurally, the inclusions in 
GM1 and GM2 gangliosidoses and sphingo- 
myelinosis reveal whorls and laminar ar- 
rangements, while the inclusions in galacto- 
cerebrosidosis and glucocerebrosidosis are 
characterized by long tortuous and twisted tu- 
bules. 

 
GM1 gangliosidosis results from the defi- 
ciency of beta-galactosidase and shows accu- 
mulation of glycolipids and oligosaccharides 
in many cell types and tissues, including neu- 
rons, astrocytes, retinal cells, hepatocytes, 
Kupffer cells, and endothelial cells in differ- 
ent tissues. Canine GM1 gangliosidosis has 
an autosomal recessive pattern of inher- 
itance.25 Different breeds reveal variable de- 
fects in the GLB1 (Galactosidase, beta 1) 
gene. In Portuguese Water Dogs, a G→A 
mutation in exon 2 results in an Arg→His 
amino acid substitution.22 In Shiba Inu dogs, 

 

Figure 2-5. Thalamus, dog. Numerous lysosomes with 
lamellated contents populate the cytoplasm of a tha- 
lamic neuron. (TEM, 15,000X). (Photo courtesy of: De- 
partment of Veterinary Pathology, College of Veterinary 
Medicine, Iowa State University, https://vet- 
med.iastate.edu/vpath) 

122

https://vetmed.iastate.edu/vpath
https://vetmed.iastate.edu/vpath
https://vetmed.iastate.edu/vpath
https://vetmed.iastate.edu/vpath


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the mutation is a deletion of C nucleotide 
1668 in exon 15.23 Alaskan huskies reveal 
19-bp duplication in exon 15 of GLB1. 12, 13 

Due to similar genetic defects, clinical signs, 
and lesions, dogs are considered as a suitable 
animal model of human GM1 gangliosidosis. 
1, 8, 11, 22 In humans, GM1 gangliosidosis is di- 
vided into three types: type 1 (infantile), type 
2 (late infantile/juvenile), and type 3 (adult). 
Except for the English springer spaniel, other 
canine breeds are comparable with the late in- 
fantile/juvenile form (Table 2-2).24 In this 
form, these dogs show progressive clinical 
nervous signs accompanied by possible skel- 
etal abnormality and hepatosplenomegaly. 

 
In this dog, elevated HexA activity ruled out 
B and O variants of GM2 gangliosidosis. 

Strong signal of cholera toxin subunit B in the 
cytoplasm of vacuolated neurons demon- 
strated the presences of GM1 ganglioside, 
potentially implicating GM1 gangliosidosis 
as the disease entity affecting the patient.9 

However, GM1 ganglioside can also accu- 
mulate secondarily in other lysosomal stor- 
age diseases.19 Assay for enzyme deficiency 
or genetic analysis of the GLB1 gene is nec- 
essary for a definitive diagnosis of GM1 gan- 
gliosidosis. In this case, whole genome se- 
quencing revealed a missense mutation in 
GLB1 resulting in a C→A substitution at 
exon 3. Additionally, beta galactosidase ac- 
tivity was significantly decreased in brain 
white matter, gray matter and liver. Activity 
levels of neuraminidase and protective pro- 
tein/cathepsin A (PPCA) were normal. Taken 
together, these results are consistent with 
GM1 gangliosidosis, novel in the Golden Re- 
triever breed, and most comparable to the late 
infantile/juvenile form in humans. 

 
Contributing Institution: 
Department of Veterinary Pathology 
College of Veterinary Medicine 
Iowa State University 
https://vetmed.iastate.edu/vpath 

 
JPC Diagnosis: 
Cerebrum, neurons: Vacuolation, cytoplas- 
mic, diffuse, moderate, with mild gliosis. 

 
JPC Comment: 
Gangliosides have been studied extensively 
due to their role in gangliosidosis and the al- 
tered levels found in various neurodegenera- 

tive   disorders   such as 
Table 2-2：Comparison of human and canine GM1 gangliosidosis Alzheimer’s disease.21 

Gangliosides are a di- 
verse group of mole- 
cules synthesized in the 
endoplasmic reticulum 
and Golgi apparatus. 
While found throughout 

Human Features Dog 
 

Type 1 (infantile) 

Dwarfism, facial distortion, bone de- 
formities, hepatosplenomegaly, sei- 
zures, vision loss (early), startled re- 
sponse to sound 

English Springer Spaniel3 

 
Type 2 (late in- 
fantile / juvenile) 

Bone deformities+/-, hepatospleno- 
megaly+/-, seizures, ataxia, spasticity, 
vision loss (late), startled response to 
sound 

German Shorthair Pointer9, 
Beagle/Mixed-breed14,15, 
Portuguese Water Dog2, 
Shiba Inu18, Alaskan husky13 

Type 3 (adult) Ataxia, spasticity  

 

 
Figure  2-6.     Cerebrum,  dog.     Vacuolated  neurons  stain 
strongly immunopositive with cholera toxin subunit B. (anti 
CTSB, 200X) (Photo courtesy of: Department of Veterinary 
Pathology, College of Veterinary Medicine, Iowa State Uni- 
versity, https://vetmed.iastate.edu/vpath) 
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the body, they are concentrated in the nervous 
system, residing in lipid rafts on the external 
plasma membrane surface of neuronal cells 
and synapses.21 Ganglioside prevalence 
changes with age; in humans, for instance, 
GM1 concentration increases until adulthood 
and gradually decreases in old age.21 While 
elevated concentration of gangliosides can 
cause severe disease, in certain conditions, 
gangliosides can have neurotrophic or neuro- 
protective effects.21 Human trials, for in- 
stance, have demonstrated that exogenous 
GM1 helped alleviate neurotoxicity associ- 
ated with chemotherapy.21 

 
In addition to various breeds of dogs, gangli- 
osidoses have been reported in cats, sheep, 
cattle, pigs American black bears, and 
emus.4,15 In sheep, GM1 gangliosidosis has 
been reported in the Suffolk (type 1) and 
Romney (types 1, 2, and 3) breeds; in cats, it 
has been documented in Siamese, Korat, and 
mixed breed cats.18,20 

 
Muthupalani et al. described seven young 
free-ranging American black bears in New 
England with poor body condition and varia- 
ble neurologic symptoms including tremors, 
ataxia, and hypermetria. The animals had few 
vacuolated mononuclear cells and neutro- 
phils on blood smear and cerebral atrophy 
with enlarged ventricles and prominent sulci 
on necropsy. 15 Eosinophilic vacuoles were 
present in neurons, retinal ganglion cells, re- 
nal proximal tubular epithelium, chondro- 
cytes, and hepatocytes; the vacuoles in the 
neurons and retina were blue on Luxol fast 
blue staining. 15 Enzymatic testing revealed 
drastically decreased beta galactosidase ac- 
tivity compared to the control, and gene se- 
quencing identified a missense mutation 
Y348H on exon 10 in the GLB1 gene. 15 

These findings were consistent with GM1- 
gangliosidosis. 15 

Bermudez et al described two adolescent emu 
hatchmates with progressive neurologic signs 
had similar vacuoles reported in neurons of 
the cerebrum, brainstem, cerebellum, spinal 
and autonomic ganglia, and retina. 4 GM1 and 
GM3 levels were up to 25 times higher than 
controls, and decreased beta-galactosidase 
activity; these findings were all consistent 
with gangliosidosis.4 This was the first docu- 
mented report of a neuronal storage disease 
in avian species outside of Lafora body neu- 
ropathy. 
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CASE III: 

 
Signalment: 
8-month old, male, Birman cat (Felis catus) 

 
History: 
Animal referred to the Neurology Unit of the 
Small Animal Hospital (School of Veterinary 
Medicine, University of Glasgow) with a 3 
month history of hind limb weakness and 
hyporexia. 

 
On clinical examination, the animal showed 
weakness in all limbs and urinary inconti- 
nence. 

 
Clinical chemistry Hyperglobulinaemia, hy- 
perproteinaemia. 

 
Neurological examination revealed mild 
right sided head tilt, tremors of the head, CP 
severely delayed right side, tetra-ataxia and 
tetraparesis. Spinal and cranial nerve reflexes 
were normal. 

MRI investigation identified ventriculomeg- 
aly, perivascular and white matter extensive 
oedema. 

 
The owners elected euthanasia and author- 
ised postmortem collection of the brain for 
histological evaluation. 

 
Gross Pathology: 
Upon dissection of the fixed brain, there is 
moderate bilateral dilation of the ventricles, 
with accumulation of moderate amount of 
pale translucent gelatinous fluid. 

 
Laboratory Results: 
Immunohistochemistry for Feline Corona- 
virus (FCoV) confirmed the presence of 
FCoV antigen within the cytoplasm of mac- 
rophages in the inflammatory infiltrates. 

 
Microscopic Description: 
Section of brain at the level of the thalamus. 
Bilaterally affecting the lateral ventricles 
there are diffuse inflammatory changes effac- 

 

Figure 3-1. Cerebrum, cat. There is marked dilation of ven- 
tricles which contain a gelatinous exudate. (Photo cour- 
tesy 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/) 
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ing the ependymal lining and variably ex- 
tending into the subependymal neuropil. In- 
flammation is dominated by macrophages ad- 
mixed with scattered neutrophils, and varia- 
ble numbers of plasma cells, and lympho- 
cytes. Multifocal perivascular (cuffs up to 5 
layers) and in some instances mural inflam- 
matory infiltrates dominated by lymphocytes 
and plasma cells and variable numbers of 
macrophages affect small to medium sized 

vessels (venules) in the periventricular neu- 
roparenchyma. Bilaterally the periventricular 
neuroparenchyma medial to the upper portion 
of the ventricles is partially effaced by accu- 
mulation of eosinophilic proteinaceous fluid 
with associated sparse infiltration of foamy 
macrophages admixed with lymphocytes and 
plasma cells. Multifocally, the periventricu- 
lar grey and white matter is irregularly vacu- 
olated (spongy change) with few scattered 
spheroids. 

 
Bilaterally, the lateral ventricles are dis- 
tended by moderate to large amounts of eo- 
sinophilic proteinaceous fluid. 

 
Multifocally, within the hippocampus, in 
both the pyramidal and molecular layers, 
there are numerous deposits of coarse globu- 
lar to laminar basophilic material (minerali- 
sation) variably obliterating the wall and lu- 
men of small capillary vessels and in some 
instances apparently associated with neu- 
rones. 

 
 

 
Figure 3-3. Diencephalon, cat. The ventricle contains a protein rich exudate. Numerous lymphocytes, macrophages, and neu- 
trophils infiltrate the ventricle, ependyma, and periventricular white matter. Similar inflammatory cells are present within the 
walls and perivascularly within the periventricular veins. The periventricular white matter is spongiotic. (HE, 284X) 

 

 
Figure 3-2. Diencephalon, cat. A section of cerebrum at the 
level of the diencephalon is submitted for examination. 
There is marked periventricular inflammation and the di- 
lated ventricles contain a protein rich exudate. (HE, 5X) 
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Table 3-1: coronaviruses affecting different species and their associated disease/lesions 
Animal species Virus Associated disease/lesions References 
Feline Feline infectious peritonitis virus 

(FIPV) 
Multisystemic granulomatous/pyogranulomatous 
disease with vasculitis, serositis, meningoencepha- 
litis, uveitis/ophthalmitis 

12,14,22,23 

Feline enteric coronavirus (FECV) Enteritis with diarrhoea in kittens 19 

Canine Canine Coronavirus (CCV) Nonfatal enteritis in puppies 2,4 

Ferret Ferret enteric coronavirus (FRECV) Epizootic catarrhal enteritis 24 

Ferret systemic coronavirus (FRSCV) Systemic pyogranulomatous inflammation similar 
to FIP in cats 

5,7 

Bovine Bovine coronavirus (BCV) Severe diarrhoea and respiratory disease in calves 
and diarrhoea (winter dysentery) in adults 

1,15 

Mouse Mouse hepatitis virus (MHV) Enteritis, hepatitis and demyelinating encephalo- 
myelitis 

3 

Porcine Porcine endemic diarrhoea virus 
(PEDV) 

Atrophic enteritis in neonatal piglets 10 

Porcine hemagglutinating encepha- 
lomyelitis virus (PHEV) 

Lymphoplasmacytic perivascular cuffing in the 
brain, and stomach muscularis and submucosa 

13 

Transmissible gastroenteritis virus 
(TGEV) 

Enteritis with diarrhoea 11 

Rat Rat coronavirus (RCV) Rhinitis, tracheitis, pneumonitis in young rats 17,21 

Rat sialodacryoadenitis virus (SDAV) Sialoadenitis, dacryoadenitis, rhinitis, tracheitis, 
bronchitis/bronchiolitis and alveolitis 

21,25 

Chickens Avian infectious bronchitis virus 
(IBV) 

Tracheobronchitis, nephritis 9 

Turkeys Turkey coronavirus (TCV)/Bluecomb 
virus 

Enteritis, cyanosis, severe growth depression 8 

Humans Middle East respiratory syndrome 
coronavirus (MERS-CoV) 

Mild respiratory illness to severe pneumonia and 
multi-organ failure 

16 

Severe acute respiratory syndrome 
coronavirus (SARS-CoV) 

Severe acute respiratory syndrome 20 

Severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) 

Severe acute respiratory syndrome / COVID-19 26,27 

In the leptomeninges on the ventral aspect of 
the thalamus there is variable mild to moder- 
ate infiltration of lymphocytes, macrophages, 
neutrophils plasma cells with sparse and peri- 
vascular distribution and moderate necrosis. 
Immunohistochemistry for Feline Corona- 
virus (FCoV) confirmed the presence of 
FCoV antigen within the cytoplasm of mac- 
rophages in the inflammatory infiltrates. 

 
Note: 
Due to availability of material in the original 
samples, the slides have been prepared from 
two different tissue blocks. Inflammatory 
changes in the leptomeninges ventral to the 
thalamus are mild in one section and more 

prominent in the other section. In the latter 
section, mineralisation is also variably pre- 
sent in the periventricular neuroparenchyma 
in the thalamus. 

 
Contributor’s Morphologic Diagnoses: 
Brain: periventricular encephalitis, granu- 
lomatous/pyogranulomatous and lympho- 
plasmacytic, chronic extensive marked. 
Meningitis, pyogranulomatous necrotising 
and lymphoplasmacytic, chronic multifocal 
moderate. 
Hippocampus, capillary vessels and neu- 
rones, mineralisation, multifocal moderate. 

128



 
Figure 3-4. Diencephalon, cat. There is marked edema of the periventricular white matter and tela choroidea. The choroid plexus 
of the third ventricle is expanded by lymphocytes, neutrophils and macrophages and similar inflammation bordering the ventric- 
ular ependyma and veins. (HE, 43X) 

Contributor’s Comment: 
Feline coronaviruses (FCoVs) are pleo- 
morphic, enveloped, single-stranded positive 
sense RNA viruses that belong to the family 
Coronaviridae, order Nidovirales, and genus 
Alphacoronavirus, species Alphacoronavirus 
1.13 FCoVs occur as 2 biological pathotypes: 
feline enteric coronavirus (FECV), defined as 
the ‘‘ubiquitous enteric biotype,’’ and feline 
infectious peritonitis virus (FIPV), the ‘‘viru- 
lent biotype” that causes FIP in individual 
cats.13, 25 FCoVs can also be divided into two 
antigenically distinct serotypes (I and II) 
based on cell culture cytopathic effect and 
other features, and type I FCoV are more fre- 
quently associated with FIP than type II 
FCoV.25 Given their close genetic relation- 
ship, the viral strains are serologically indis- 
tinguishable and difficult to differentiate by 
routine laboratory testing, making an accu- 
rate clinical diagnosis of FIP often difficult.24 

FCoVs are ubiquitous in cats, but the disease 
FIP is sporadic, and purebred, young, intact 
male cats appear to be more susceptible.25 It 
is transmitted via the faecal-oral route and 
primarily    infect    enterocytes.13     Whereas 

FECVs replicate mainly in intestinal epithe- 
lium and are shed in faeces, FIPVs replicate 
efficiently in monocytes and induce systemic 
disease. The host’s genetics and immune sys- 
tem also play important roles.13, 25 

 
FIP is characterized by fibrinous serositis, 
with protein-rich effusions in the body cavi- 
ties of affected cats (effusive or “wet” FIP), 
as well as granulomatous-necrotising lesions, 
periphlebitis, and granulomatous and 
pyogranulomatous inflammatory lesions in 
several organs, especially, liver, kidney, 
spleen, leptomeninges, and eyes (non-effu- 
sive or “dry” FIP)16 However, mixed forms 
are probably common.25 

 
Lesions in the CNS are typically oriented to- 
ward the surface and target the leptomenin- 
ges, ependyma, choroid plexus, and neuropa- 
renchyma.24 The presence of eosinophilic 
proteinaceous material within the lateral ven- 
tricles observed in this case is interpreted as 
hydrocephalus, which is a common second- 
ary gross finding described in cases of FIP.20, 
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24, 25 Inflammation within or around the ven- 
tricular system may lead to obstruction of 
cerebrospinal fluid and cause secondary hy- 
drocephalus.24 

 
It can be speculated that the presence of mul- 
tifocal mineral deposits within the hippocam- 
pus is a consequence of hypercalcaemia in 
this cat, which has been reported in associa- 
tion with a few infectious diseases featuring 
granulomatous inflammation (including 
FIP). Macrophages can synthesize calcitriol 
from calcidiol without any negative feedback 
regulation, thus leading to hypercalcaemia 
and subsequently metastatic mineralisation.6 

 
Contributing Institution: 
Division of Pathology, Public Health and 
Disease Investigation 
Veterinary Diagnostic Services 
School of Veterinary Medicine 
College of Medical, Veterinary and Life Sci- 
ences 
University of Glasgow (Garscube Campus) 
464 Bearsden Road 
Glasgow G61 1QH, Scotland 
https://www.gla.ac.uk/schools/vet/cad/ 

 
JPC Diagnosis: 
Diencephalon: Ventriculitis, pyogranuloma- 
tous and lymphoplasmacytic, diffuse, severe, 
with hydrocephalus, phlebitis, choroid plexi- 
tis, periventricular necrosis and edema, men- 
ingitis, and mineralization. 

 

Figure 3-5. Diencephalon, cat. There are lymphocytes, 
macrophages, and fewer plasma cells within walls off 
veins which infiltrate the surrounding perivascular pa- 
renchyma. (HE, 505X) 

JPC Comment: 
Neurologic manifestations of feline infec- 
tious peritonitis have three general distribu- 
tion patterns as described by Rissi: diffuse 
leptomeningitis; rhombencephalitis (or in- 
flammation of the brainstem/cerebellum); 
and periventricular encephalitis, which is 
demonstrated in this case and was the most 
prevalent form in Rissi’s study of 26 cats af- 
fected by FIP in the central nervous system. 

 
Feline coronavirus (FCoV) is extremely com- 
mon in domestic cats, and it’s estimated that 
25% of cats in single cat households and over 
75% of cats within multi-cat households are 
infected.9 Of those infected, anywhere from 
1 to 12% may develop FIP.9,14 As an RNA- 
virus, FCoV is prone to replication errors, 
and a mutation within the spike protein likely 
accounts for the ability of FIP to infect mon- 
ocytes and macrophages and cause systemic 
infection.14 The spike protein has two subu- 
nits, S1 (receptor binding) and S2 (fusion), 
and a proteolytic cleavage site which, when 
cleaved, results in activation of the spike pro- 
tein.14 In a study of 11 cats with FIP, unique 
mutations were consistently found in the 
S1/S2 cleavage site, which the authors spec- 
ulate may make the protein more susceptible 
to cleavage by other enzymes.14 

 
The internal mutation theory is the most 
widely accepted model of FIP pathogenesis 
and asserts that, in each patient, FCoV spon- 
taneously mutates into the pathogenic non- 
contagious FIP.9 A variation of the internal 
mutation theory called the circulating viru- 
lent and avirulent theory asserts that certain 
strains are more likely to induce FIP, which 
may explain periodic clusters of FIP cases.9,14 

Such a case series was documented in four 
cats from a single household who succumbed 
to FIP after being displaced due to a house 
fire and surrendered to a shelter. 9 The three 
cats which had viral genetic sequencing each 
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Figure 3-6. Diencephalon, cat. Large numbers of macro- 
phages in the ependymal and periventricular inflamma- 
tory infiltrates demonstrate strong cytoplasmic staining 
for feline coronaviurs (FCoV) antigen. (anti-feline corona- 
virus, 400X) 

 

had different mutation profiles within the 
S1/S2 gene. 9 The authors concluded that 
these cats likely had a unique FCoV strain 
prone to FIP-mutation, and the mutations in 
each cat may have been precipitated by sig- 
nificant physiologic stress. 9 

 
Finally, rare cases of horizontal transmission 
have also been reported. At one Taiwanese 
shelter, 13 cats (28% of the population) suc- 
cumbed to FIP over a one year time period.26 

All cats were infected with type II FCoV, and 
the viruses all had identical S gene muta- 
tions.26 Those infected later in the year had 
additional unique mutations in the 3c gene in- 
dicating ongoing mutation.26 Additionally, 
the type II FCoV associated with FIP was iso- 
lated from both the feces and oronasal and 
conjunctival samples from infected cats, in- 
dicating horizontal transmission was likely 
responsible for the spread of the virus within 
the shelter.26 
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CASE IV: 

 
Signalment: 
4 year old, female, African pygmy hedgehog 
(Atelerix albiventris) 

 
History: 
A progressive mass was noted on the right 
side of the mouth, resulting in halitosis, tooth 
mobility, exophthalmus, scale loss, anorexia 
and weight loss. This was refractory to anti- 
biotics (enrofloxacin) and anti-inflammato- 
ries (Meloxicam). 

 
Gross Pathology: 
Around the maxillary dental arcade was a 
poorly demarcated, firm, multilobulated, off- 
white to tan mass; within the oral cavity, this 

 

Figure 4-1. Cross section of head, hedgehog. An infiltra- 
tive neoplasm arises from the oral cavity and effaces 
the bones and soft tissues of the face and infiltrates the 
sinuses dorsally. (HE, 5X) 

 

 
Figure 4-2. Head, hedgehog. Neoplastic squamous epi- 
thelium is arranged in nests, cords and trabeculae, and 
keratinizes poorly within the center of nests. (HE, 170) 

 

was approximately up to 25 mm x 14 mm x 
12 mm. The surface was ulcerated and only 
one molar tooth remained, which was very 
loose. There was a focal area of ulceration of 
the hard palate (up to 5 mm x 4 mm). The left 
maxillary dental arcade was missing several 
cheek teeth and the remaining teeth were 
loose. On transverse sectioning of the skull, 
the mass extended dorsally, replacing much 
of the right side musculature and the maxil- 
lary bone, and extending medially, invading 
the right nasal cavity (the maximum size of 
the mass was ~25 mm x 14 mm x 20 mm). 

 
Laboratory Results: 
No reported laboratory results. 

 
Microscopic Description: 
The tissue is markedly effaced and replaced 
by a poorly demarcated proliferation of atyp- 
ical squamous epithelial cells arranged in 
variably sized cords, trabeculae and nests. In- 
dividual cells are oval to polygonal, with var- 
iably distinct cell borders and a moderate 
amount of eosinophilic cytoplasm. They have 
oval to polygonal, hypochromatic, vesicular 
nuclei, with one or multiple prominent nucle- 
oli. There is moderate anisocytosis and 
marked anisokaryosis, and frequent binucle- 
ate and multinucleate cells. Atypical cells of- 
ten palisade around the margin of lobules, 
and central cells often undergo abrupt kerat- 
inisation (hypereosinophilic cells with poorly 
discernible nuclei) or are markedly swollen. 
There are occasional individualised necrotic 
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cells (hypereosinophilic cells with karyor- 
rhectic or pyknotic nuclei), clusters of ne- 
crotic cells with infiltrates of neutrophils, or 
apoptotic cells (shrunken cells with pyknotic 
nuclei). The mucosal surface is thinned 
(eroded), lost (ulcerated) or is degenerate, 
with marked vacuolated keratinocytes (bal- 
looning degeneration). The subepithelial tis- 
sue contains moderate number of lympho- 
cytes, plasma cells and fewer granulocytes. 

 
Contributor’s Morphologic Diagnoses: 
Oral squamous cell carcinoma. 

 
Contributor’s Comment: 
Oral squamous cell carcinomas (SCCs) are 
commonly diagnosed in the African pygmy 
hedgehog, and are the third most common ne- 
oplasm in this species, presenting with clini- 
cal signs including tooth mobility, eden- 
tulism and gingivitis.11 Oral SCCs in African 
pygmy hedgehogs have been previously de- 
scribed as commonly locally infiltrative with 
rare metastases, though metastases to distant 
sites have been reported.5 In addition to oral 
SCCs, cutaneous SCCs have also been de- 
scribed in African pygmy hedgehogs.2 There 
are few studies characterizing oral SCCs in 
African pygmy hedgehogs. 

 
Oral squamous cell carcinomas have been 
characterized in greater detail in other do- 
mestic animals, and is the most common oral 
tumor in cats and the second most prevalent 
in dogs.14 These present frequently on the 

tongue and gingiva, with local invasion, bone 
invasion and a variable survival, with the 
greatest mean survival time (MST) following 
removal of invaded bone.7 Canine SCCs have 
been classified further into Conventional 
(82.1% of cases), Papillary and Basaloid 
(5.95%), Adenosquamous (3.6%) and spindle 
cell SCCs (2.4%).8 However, there is little 
data to determine variance in prognosis for 
these different histological subtypes.7 In any 
case, spread of oral SCCs to local lymph 
nodes often occurs late in the disease process4 

and local reoccurrence is the most common 
form of treatment failure.12 

 
Currently, the pathogenesis of oral SCCs is 
thought to be following long term epithelial 
hyperplasia from chronic gingivitis irrita- 
tion.14 In dogs though there may be a tenta- 
tive link with canine oral papillomavirus 
(CPV-1) producing papillomas which un- 
dergo malignant transformation.13 In hu- 
mans, multiple factors have been implicated 
in the development of oral SCCs including 
environmental factors such as tobacco con- 
sumption, alcohol consumption and chronic 
inflammation which leads to dysplasia of the 
local area and multiple alterations to tumor 
suppressor genes (p16, p14ARF, FHIT, 
RSSFIA and p53) leading to “field canceriza- 
tion” and development of SCCs.1 “Field can- 
cerization” refers to a theory based on the fre- 
quent observation of epithelial dysplasia at 
the periphery of human invasive oral cancers 
in situations of chronic exposure to carcino- 
genic insult, which may leads to increased 
risk of malignant transformation in the entire 
area affected by the insult. 

 
Contributing Institution: 
Easter Bush Pathology – Royal (Dick) 
School of Veterinary Studies. 
https://www.ed.ac.uk/vet/services/easter- 
bush-pathology 

 
Figure 4-3. Head, hedgehog. Neoplastic cells effaced facial 
bones. (HE, 170X) 
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JPC Diagnosis: 
Cross section of head: Squamous cell carci- 
noma. 

 
JPC Comment: 
With the growing popularity of hedgehogs as 
pets, numerous retrospective studies have de- 
scribed the prevalence of neoplasia within 
captive populations, each with slightly differ- 
ent results. In a study of pet hedgehogs in the 
US, the most common neoplasms were mam- 
mary neoplasia, lymphoma, and oral squa- 
mous cell carcinoma.11 In a study in Japan, 
the most common neoplasms were endome- 
trial stromal tumor, fibrosarcoma, and mam- 
mary neoplasms.9 In a study of 63 hedgehogs 
from the Tai Pei Zoo, the three most common 
neoplasms were oral squamous cell carci- 
noma, lymphoma, and pulmonary adenocar- 
cinoma.10 The authors speculated that geo- 
graphic variability may be due to in-breeding 
of closed populations due to movement re- 
strictions imposed due to the species’ suscep- 
tibility to foot and mouth disease.10 

 
A study of captive hedgehogs in Chile fo- 
cused specifically on oral masses found that 
17 of 27 oral masses were squamous cell car- 
cinoma. These neoplasms were generally ul- 
cerated (13 cases) and occurred most com- 
monly (12 cases) in the caudal aspect of the 

right maxilla.3 Gingival hyperplasia was the 
second most common diagnosis (8 cases). 
Gingival hyperplasia was found in varied lo- 
cation, manifested as pedunculated or sessile 
masses, and was non-ulcerated.3 

 
Hedgehogs are one of a few non-cloven 
hooved species which can be naturally in- 
fected by foot and mouth disease virus. Dur- 
ing a series of in England in the 1940s, sev- 
eral infected wild hedgehogs were found with 
vesicles on the feet, and researchers subse- 
quently demonstrated that cattle could exper- 
imentally infect hedgehogs.6 The authors 
concluded that hedgehogs had some role in 
spreading infection between cattle. 6 
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WSC 2022-2023 Self-assessment. 
Conference 6   

 

1.  Which of the following is the cause of histiocytic ulcerative colitis in the dog? 
a. Mycobacterium avium 
b. Salmonella enteritidis 
c. Proteus vulgaris 
d. E. coli 

 
2. Which of the following tests is most specific for identifying GM-1 gandgliosidosis in the dog? 

a. Electron microscopy 
b. PAS 
c. Luxol fast blue 
d. Cholera toxin subunit B 

 
3.  Which of the following is characterized by tubular inclusions within cytoplasmic vacuoles? 

         a.  GM1-gangliosidosis 
         b.  GM2-gangliosidosis 
         c.   Sphingomyelinosis 
         d.  Globoid cell leukodystrophy 

 
4. True or false?  Feline infectious coronaviruses replicate efficiently in monocytes. 

a. True 
b. False 

 
5. True or false? Chronic periodontal disease is considered to be the most likely cause for 

development of oral squamous cell carcinomas in animals. 
a. True 
b. False 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
A 17-day-old, male, Japanese Black, bovine 

 
History: 
A Japanese black male calf was born at full- 
term. The calf weighted 30 kg and received 
colostrum. The calf presented with fever (40 
℃), cough, nasal discharge, poor suckling, 
wobbler, and bilateral ocular cloudiness on 
day 4 of life, after which he developed asta- 
sia. On day 5 of life, the calf became recum- 
bent and presented with dizziness and nystag- 
mus. The calf was treated with medications 
such as antibiotics, non-steroid anti-inflam- 
matory drugs, and vitamin B1, but he died on 
day 17 of life. 

 
Gross Pathology: 
Multiple white nodules with dark red edges 
and a diameter of 1 - 3 cm were found scat- 
tered in the peritoneum, including the spleen, 
stomach, and diaphragm. Many white nod- 
ules were also observed in the liver serosa 
and parenchyma. The surface of the 
forestomach mucosa was covered with a 
gray-yellowish caseous substance. Multiple 
erosions and ulcers were observed in the 
forestomach and the abomasum. The aboma- 
sum mucosa was extensively dark red. The 
calf had an increased volume of the cerebro- 
spinal fluid, which was muddy; thymic hypo- 
plasia; and persistent urachus. 

Laboratory Results: 
Bacteriological examination: Yeast-like 
fungi were isolated from the samples col- 
lected from the liver, kidney, lung, brain, and 
cerebrospinal fluid, which were identified as 
Candida albicans (99.12%) on sequence 
analysis of the ITS region. 

 
Virological examination: Bovine adenovirus 
(BAdV) type 4 was detected on the PCR for 
BAdV and sequence analysis of DNA ex- 
tracted from paraffin-embedded sections of 
the liver, reticulum, and ileocecal colon. 

 
 

Figure 1-1. Abdominal viscera, ox. Numerous 1-3mm 
white nodules with a hemorrhagic border are scat- 
tered along the serosa of the gastrointestinal tract. 
(Photo courtesy of: National Institute of Animal 
Health, National Institute of Animal Health, National 
Agriculture and Food Research Organization (NARO), 
3-1-5Kannondai, Tsukuba, Ibaraki 3050856, Japan, 
(WSC ID95), http://www.naro.affrc.go.jp/eng- 
lish/niah/index.html) 

138

http://www.naro.affrc.go.jp/eng-


Microscopic Description: 
Multiple extensive necroses were observed 
from the mucosal epithelium to the submuco- 
sal tissue of the abomasum. In the necrotic 
area, typical structures were replaced by 
hemorrhage, acidophilic cell debris, and 
mostly necrotic infiltrated neutrophils. Nu- 
merous thrombi were observed in small-to- 
medium blood vessels from the lamina pro- 
pria to the submucosa. Numerous fungal hy- 
phae were found in the necrotic lesions. Pres- 
ence of fungi was also found in thrombi and 
on the walls of blood vessels. The submucosa 
was highly edematous, with numerous neu- 
trophil infiltrations, mild macrophage infil- 
trations, and presence of fibrin. Grocott’s 
staining and PAS reaction revealed the pres- 
ence of multiple species of fungi in the lesion. 
On the mucosal surface, a large number of 
yeasts and pseudohyphae were found mixed 
with inflammatory cells and cell debris. A 
large number of hyphae were found from the 
necrotic area to the submucosa. They were 5- 
8 µm wide, non-parallel, thin walled, and ir- 
regularly branched and had no septum. Such 
hyphae had also infiltrated the thrombus and 
walls of blood vessels. In some areas, these 
hyphae were mixed with pseudohyphae, 
which invaded the blood vessels. In the sub- 
mucosa adjacent to these areas, a large num- 
ber of hyphae were focally observed in the 
blood vessels, blood vessel walls, and sur- 
rounding tissues. They had slightly thicker 
walls; were 4-5 µm wide, parallel, and 
sharply branched; and contained septum. Im- 
munohistochemically, these fungi reacted 
positively to anti-Candida (Biogenesis, UK), 
anti-Rhizomucor (Clone Mab-WSSA-RA-1, 
DAKO，USA), and anti-Aspergillus (Clone 
Mab-WF-AF-1，DAKO，USA) antibodies, 
respectively. 

 
Furthermore, amphoteric-to-basophilic Cow- 
dry A-type or full-type intranuclear inclusion 
bodies were observed in endothelial cells of 
most blood vessels. Electron microscopy of 

 

 
Figure 1-2. Abomasum, ox. The mucosa of the aboma- 
sum is partially covered by a fibrinonecrotic mem- 
brane. (Photo courtesy of: National Institute of Animal 
Health, National Institute of Animal Health, National 
Agriculture and Food Research Organization (NARO), 
3-1-5Kannondai, Tsukuba, Ibaraki 3050856, Japan, 
(WSC ID95), http://www.naro.affrc.go.jp/eng- 
lish/niah/index.html) 

 

vascular endothelial cells revealed adenovi- 
rus-like particles with a diameter of approxi- 
mately 80 nm, consistent with intranuclear 
inclusion bodies. 

 
In the forestomach, severe hyperkeratosis or 
parakeratosis, mild-to-moderate erosion of 
the epithelium, and intoraepithelial accumu- 
lation of neutrophils (microabscesses) were 
observed. A large number of anti-Candida 
antibody-positive yeasts and pseudohyphae 
were observed in these lesions. In addition, 
numerous thrombi and extensive necrosis of 
the surrounding tissues were also observed in 
the rumen submucosa. In the necrotic tissue 
and blood vessels, anti-Aspergillus antibody- 
positive hyphae were observed. Anti-Asper- 
gillus antibody-positive hyphae were also ob- 
served in the serosa. In other regions, a large 
number of anti-Rhizomucor antibody-posi- 
tive hyphae in the vascular wall and necrotic 
foci of the lamina propria were observed. 
There were numerous viral intranuclear in- 
clusion bodies in the vascular endothelium of 
the forestomach. In the ileum, swelling of 
vascular endothelial cells, presence of 
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thrombi with numerous intranuclear inclu- 
sions scattered from the lamina propria to the 
submucosa, and necrosis with hemorrhage 
were widely observed. 

 
Many focal necroses or granulomas with 
mild hemorrhage were scattered in the brain 
and the spinal cord. A large number of anti- 
Candida antibody-positive pseudohyphae 
were observed in these lesions. Mild mono- 
nuclear cell infiltration was observed in the 
meninges, and one mycotic granulomatosis 
was observed in the choroid plexus. Intranu- 
clear inclusion bodies were rarely observed 
in vascular endothelial cells. 

 
Focal extensive necrosis with thrombosis was 
observed in the liver. Many hyphae that re- 
acted against the anti-Aspergillus antibody 
were observed in thrombi and vascular wall. 

Furthermore, numerous focal necroses with 
anti-Candida antibody-positive pseudohy- 
phae were randomly scattered. In addition, a 
number of intranuclear inclusion bodies were 
found in the endothelium or hepatocytes. A 
few anti-Candida antibody-positive pseudo- 
hyphae were observed around small vessels 
in the kidney, heart, and lung. 

 
In the thymus, there was severe depletion of 
lymphocytes in both the cortex and medulla. 

 
Contributor’s Morphologic Diagnoses: 
Abomasum: abomasitis, necrotizing, severe 
with vasculitis, vascular thrombosis, numer- 
ous multiple species of fungi, and viral intra- 
nuclear inclusion bodies 

 
Etiology: Candida albicans, Aspergillus 
spp., Mucoraceae, and BAdV type 4 

 

 
Figure 1-3. Abomasum, ox. A) There are multifocal areas of full-thickness necrosis of the abomasal mucosa. B) A Grocott 
methenamine silver stain highlights multiple fungal morphologies within the areas of necrosis. C) Some of the fungal 
hyphae are immunopositive for antibodies directed against Candida sp. D) Some of the fungal hyphae are immunopositive 
for antibodies directed at Rhizomucor. (Photo courtesy of: National Institute of Animal Health, National Institute of Animal 
Health, National Agriculture and Food Research Organization (NARO), 3-1-5Kannondai, Tsukuba, Ibaraki 3050856, Japan, 
(WSC ID95), http://www.naro.affrc.go.jp/english/niah/index.html) 
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Contributor’s Comment: 
In this case, fungal lesions caused by C. albi- 
cans were systemically disseminated in many 
organs. Co-infection with Aspergillus spp. 
and Mucoraceae was observed in fungal le- 
sions of the gastrointestinal tract and liver. 
Systemic BAdV type 4 infection was also ob- 
served. 

 
Deep-seated mycosis is a fungal infection 
that forms lesions in the internal organs or 
subcutaneous tissue. In cattle, mastitis, endo- 
metritis, ulcerative gastroenteritis, pneumo- 
nia, and abortion have been reported.16 Deep- 
seated mycosis occurs in animals with weak- 
ened immunity, and the main causative fungi 
are Candida spp., Aspergillus spp., and Mu- 
coraceae,2,4,7,15,16 either alone1,5,6,12 or in com- 
bination2,3,14. In cattle with deep-seated my- 
cosis, co-infection with two types of 
fungi3,13,14 and mixed infection with fungi 
and protozoa have been reported.13 Many 
cases of systemically disseminated mycosis 
in cattle caused by Mucoraceae, resulting in 
infection of central nervous system tissues, 
have been reported.1,4-6,12,13 In contrast, a few 
cases of central nervous system lesions 
caused by Aspergillus spp.,3 without the pres- 
ence of Candida spp. have been reported. In 
the present case, co-infection with three spe- 
cies of fungi was observed. C. albicans was 
identified as the causative fungi for lesions 
systemically disseminated to multiple organs, 
especially meningoencephalomyelitis. 

 
A large number of Aspergillus spp. hyphae 
were observed in the liver, rumen, and abo- 
masum, and a large number of Mucoraceae 
hyphae were observed in the rumen and abo- 
masum. Both fungi were associated with 
thrombosis, vasculitis, and extensive necrotic 
lesions. Numerous yeasts and pseudohyphae 
of C. albicans were observed in the hyperker- 
atotic and parakeratotic mucosal epithelium 
and superficial lamina propria lesions of the 
forestomach, and they were not mixed with 

other fungi. However, in the abomasum, 
pseudohyphae of C. albicans were observed 
in the necrotic foci mixed with Mucoraceae 
hyphae along with invasion into the deep mu- 
cosa or blood vessels. These findings suggest 
that C. albicans was disseminated systemi- 
cally through necrosis and vascular lesions 
caused by Mucoraceae in the abomasum. 

 
On the other hand, viral intranuclear inclu- 
sion bodies were observed in vascular endo- 
thelial cells throughout the body, such as in 
the gastrointestinal tract, liver, and brain. 
Electron microscopy and sequence analysis 
of DNA extracted from FFPE samples 
showed that the inclusion bodies were BAdV 
type 4. BAdV disease is caused by BAdV be- 
longing to the Mastadenovirus genus or the 
Atadenovirus genus of the Adenoviridae 
family.18 It is mainly characterized by respir- 
atory and digestive diseases. BAdVs are 
commonly isolated from the feces of healthy 
cattle,11 which are rarely onset by BAdV 
alone. There are 10 serotypes of BAdV, and 
BAdV type 7 is highly pathogenic, 18 causing 
severe hemorrhagic diarrhea and calf frailty 
syndrome. Only a few cases of BAdV disease 
have been reported in Japan.8,9 BAdV type 4 
was identified only in one of these case via 
bovine testis cell culture.8 Gastric erosion, ul- 
cers, and hemorrhagic colitis have been re- 
ported in previous cases of BAdV infec- 
tion.17,18 In the present case, mucosal necrosis 
without fungal infection was observed in the 
ileum. It was suggested that BAdV type 4 in- 
jured blood vessels and induced gastrointes- 
tinal lesions. Furthermore, it was considered 
that C. albicans entered the bloodstream and 
invaded the parenchyma of the brain and liver 
through the vascular walls systemically dam- 
aged by the virus, causing inflammation or 
necrosis. 

 
In addition, thymic hypoplasia, which was 
observed in the present case, may have con- 
tributed to these systemic infections. 
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Many cases of zygomycosis are angioinva- 
sive and disseminated systemically.1,5,6 How- 
ever, no systemic dissemination of Mu- 
coraceae was observed in the present case, 
probably because the calf developed fatal 
meningoencephalomyelitis due to C. albi- 
cans before the dissemination of Mu- 
coracease. 

 
Contributing Institution: 
National Institute of Animal Health, National 
Institute of Animal Health, National Agricul- 
ture and Food Research Organization 
(NARO) 
3-1-5Kannondai, Tsukuba, Ibaraki 3050856, 
Japan 
(WSC ID95) 
http://www.naro.affrc.go.jp/english/niah/in- 
dex.html 

 
JPC Diagnosis: 
1. Abomasum: Abomasitis, necrotizing, mul- 
tifocal to coalescing, marked, with vasculitis, 
thrombosis, and numerous mucosal and sub- 
mucosal fungal pseudohyphae, hyphae, and 
yeasts. 
2. Abomasum, vessels: Vasculitis, necrotiz- 
ing, multifocal, moderate with endothelial in- 
tranuclear viral inclusions. 

 
JPC Comment: 
The contributor has provided an excellent ex- 
ample of an endotheliotropic virus causing 
vascular damage, creating a permissive envi- 
ronment for the growth and invasion of mul- 
tiple opportunistic fungal organisms, and set- 
ting the stage for systemic spread of Candida 
albicans. A remarkably versatile fungus, C. 
albicans has evolved numerous mechanisms 
of pathogenicity and adaptability that enable 
it to spread and cause disease in a wide range 
of host tissues. 

 
C. albicans has three main morphologies: 
yeast, hypha, and pseudohypha. The yeast 

form exists at a lower pH and generally 
higher density than the hyphal form and is as- 
sociated with fungal dissemination, whereas 
the hyphal form tends to invade tissue. A 
number of adhesins, including agglutinin-like 
sequence (Als) 3 and hyphal wall protein 
(Hwp) 1, facilitate adherence to tissue and 
formation of antibiotic and immunoresistant 
biofilms. C. albicans has two methods of in- 
vading cells. Surface integrins (including 
Als3) can interact with host ligands (such as 
E-cadherin) to stimulate endocytosis; or it 
can actively penetrate the cell through meth- 
ods not fully elucidated.10 

 
In order to survive in a variety of tissues with 
varied nutrient availability, C. albicans has 
developed metabolic adaptability. Glycolysis 
is its major source of energy in tissues rich in 
glucose (blood) or glycogen (liver), but in 
phagocytic cells such as macrophages, the 
fungus subsists on lipids and amino acids us- 
ing gluconeogenesis and, later, the glyoxylate 
cycle. In other tissues, the fungus secretes 
proteases and subsists on liberated amino ac- 
ids. 10 

 

 
Figure 1-4. Abomasum, ox. A) Endothelial cells occa- 
sionally are swollen and contain a karyomegalic eosin- 
ophilic intranuclear viral inclusion with varying degrees 
of halo formation. B) Transmission electron micros- 
copy of the affected nuclei demonstrates 80nm adeno- 
virus-like particles. (Photo courtesy of: National Insti- 
tute of Animal Health, National Institute of Animal 
Health, National Agriculture and Food Research Organ- 
ization (NARO), 3-1-5Kannondai, Tsukuba, Ibaraki 
3050856, Japan, (WSC ID95), http://www.naro.af- 
frc.go.jp/english/niah/index.html) 
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Figure 1-5. Brain, ox. A) The brain contained numerous 
foci of granulomatous inflammation. B) Within these 
foci, a large number of anti-Candida antibody-positive 
pseudohyphae are present. (Photo courtesy of: Na- 
tional Institute of Animal Health, National Institute of 
Animal Health, National Agriculture and Food Research 
Organization (NARO), 3-1-5Kannondai, Tsukuba, 
Ibaraki 3050856, Japan, (WSC ID95), 
http://www.naro.affrc.go.jp/english/niah/index.html) 

 
Interestingly, amino acid absorption indicates 
a less permissive environment, and, in re- 
sponse, the yeast will actively secret ammo- 
nia to stimulate its own pH receptors and in- 
duce hyphal formation. The pH is detected 
using surface receptors Dfg16 and Rim21 
which act through Rim101 transcription fac- 
tor to mediate various cellular responses. In 
addition to switching morphologies, the fun- 
gus can respond to change in pH by altering 
expression of cell wall beta glycosidases 
Phr1 and Phr2 to maintain virulence in neu- 
tral-alkaline and acidic pHs, respectively.10 

 
C. albicans has evolved a few mechanisms to 
obtain iron, another key nutrient for survival. 
While it does not produce its own sidero- 
phores, C. albicans absorbs iron from the si- 
derophores of other microbes using the trans- 
porter Sit1. Alternatively, it can use Als3 to 
acquire iron from host ferritin and transferrin, 
or it may acquire iron from hemoglobin and 
heme using a variety of proteins.10 

 
The moderator, Dr. Francisco (Paco) Uzal, 
discussed differentials for this case and high- 
lighted the fact that bovine adenovirus 1 can 

cause identical clinical signs and intranuclear 
inclusion bodies as BAdV-4. In general, 
however, gastrointestinal disease caused by 
adenoviruses in cattle is rare. 
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CASE II: 
 

Signalment: 
6-month old, male (intact), pygmy goat 
Capra aegagrus hircus 

 
History: 
The goat was euthanized following several 
days of diarrhea and a 24-hour period of 
“mental inappropriateness.” No additional 
history was provided. 

 
Gross Pathology: 
The liver was enlarged, with 1 mm, soft, 
white, foci widely disseminated throughout 
capsular and cut surfaces. A focal, 1 cm in di- 
ameter ulcer was present in the abomasum 
near the pylorus, with adhered margins and 
subadjacent, firm, pale tan thickening of the 
wall (fibrosis). 

 
Laboratory Results: 
FA negative for rabies 
FA positive, brain and liver, for Listeria mon- 
ocytogenes 
Aerobic culture, very light growth unidenti- 
fied Gram-negative bacterium, enrichment 
broth culture negative for L. monocytogenes 

 
Microscopic Description: 
Hepatocytes are uniformly small, forming 
thin cords accentuated by moderate sinusoi- 
dal congestion. The parenchyma contains 

 

 
Figure 2-1. Liver, goat. One section of liver is submitted 
for examination. At subgross magnification, portal ar- 
eas are outlined by biliary hyperplasia and a cellular in- 
filtrate which occasionally fills bile ducts. There is dif- 
fuse edema of the connective tissue surrounding the 
gallbladder. (HE, 9X) 
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Figure 2-2. Liver, goat. Foci of lytic necrosis are scattered through the section. These areas contain large numbers of neutrophils 
which efface hepatocytes and fill adjacent sinusoids. (HE, 381X) 

multifocal to coalescing, irregular, well-de- 
marcated, variably sized, randomly distrib- 
uted foci of hepatocellular degeneration and 
necrosis infiltrated by moderate to large num- 
bers of predominantly neutrophils. There is 
widespread expansion of periportal areas by 
mixtures of edema, fibroplasia, proliferating 
bile ducts, and mixed inflammatory infil- 
trates predominated by lymphocytes and 
plasma cells, with smaller numbers of neutro- 
phils. Biliary hyperplasia frequently links ad- 
jacent portal areas. Primarily larger bile ducts 
are ectatic, with lumens distended by large 
numbers of neutrophils, necrotic cellular de- 
bris and occasional unsporulated coccidial 
oocysts. The epithelium of affected bile ducts 
is variably attenuated, to degenerate or ne- 
crotic. Many cells have vacuolated cytoplasm 
that contains small coccidial meronts with 
merozoites, macrogametes, microgametes 
and developing oocysts. The lumens of some 
bile ducts and sinusoids contain microcolo- 
nies of small bacterial rods. 

Contributor’s Morphologic Diagnoses: 
Liver: Necrosuppurative hepatitis, acute, 
multifocal to coalescing, severe, with severe 
suppurative cholangitis, lymphoplasmacytic 
pericholangitis, marked biliary hyperplasia 
and multiple coccidial stages 

 
Contributor’s Comment: 
Gross and microscopic findings are con- 
sistent with listeriosis, a global disease of hu- 
mans and other animals caused by the oppor- 
tunistic, Gram-positive, intracellular bacte- 
rium, Listeria monocytogenes. Infection was 
confirmed by positive fluorescent antibody 
staining of the brain and liver. The environ- 
mentally resistant bacterium is widely dis- 
tributed in soil, vegetation and in animals.1 

Large numbers are present in ruminant feces 
and it is frequently isolated from normal tis- 
sues.2 In humans, transmission usually occurs 
through the consumption of contaminated 
food, rarely from infected animals to humans, 
between humans, and in utero. In foods, it 
survives processing technologies relying on 
acidic or salty conditions and can multiply at 
low temperatures.1 Encephalitis in ruminants 
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is often associated with heavy silage feed- 
ing.2 

 
Cell mediated immune responses are related 
to intracellular replication and have been re- 
cently reviewed, as have strategies used by 
the bacterium to exploit host molecular 
mechanisms, including translocation from 
cell to cell. 3,4,5 In mammalian hosts, three 
disease syndromes occur in relation to the 
bacteria’s ability to cross intestinal, feto-pla- 
cental and blood brain barriers. It can also 
survive in bile and induce biliary tract infec- 
tion.6 Infection of the pregnant uterus results 
in abortion and frequently lethal neonatal dis- 
ease. Encephalitis usually occurs in adults 
and is typified by microabscess formation in 
the brainstem. Ascending infection of the tri- 
geminal nerve follows trauma to the oral mu- 
cosa. Septicemia, with coagulative necrosis 
and abscess formation occurs mainly in the 
livers of neonates and young juveniles fol- 
lowing disruption of the intestinal mucosal 
barrier and translocation of bacteria to the 
submucosa and vasculature. Focal infections 
can include the conjunctiva, skin, mammary 

glands, heart, arteries, spleen, lymph nodes, 
joints, bone, and fascia.1,2 

 
In addition to its biliary presence, severe in- 
testinal coccidiosis, a common cause of diar- 
rhea in confined young goats, may have com- 
promised the intestinal mucosa, providing a 
portal of entry for L. monocytogenes into the 
portal circulation. Similar changes, including 
hepatic necrosis, biliary hyperplasia, peri- 
portal fibrosis and lymphocytic inflammation 
have been reported in association with he- 
patic coccidiosis, caused by an Eimeria sp., 
in a goat.7 

 
Contributing Institution: 
www.vet.uga.edu/VPP 

 
JPC Diagnosis: 
Liver: Cholangiohepatitis, suppurative and 
lymphoplasmacytic, chronic, diffuse, 
marked, with biliary hyperplasia and numer- 
ous apicomplexan meronts, gamonts, and oo- 
cysts. 

 

 
Figure 2-3. Liver, goat. Within portal areas, the lumen of bile ducts are filled with numerous viable and degenerate neutrophils 
and cellular debris but lining epithelium is intact. There are numerous lymphocytes and plasma cells surrounding ducts. Pro- 
found biliary hyperplasia extends well beyond the limiting plate. (HE, 130X) 
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Figure 2-4. Liver, goat. Coccidial meronts, schizonts (small arrows) and gamonts (large arrows) are present within he biliary 
epithelium. (HE, 623X) 

JPC Comment: 
Listeria monocytogenes was first described 
101 years ago in a human patient and in ani- 
mal species a few years later. There are 13 
serovars, with three serovars (1/2a, 1/2b, 4b) 
being the most commonly isolated in clinical 
disease. As the contributor mentions, the bac- 
terium is ubiquitous in the environment, but 
pathogenic serotypes have frequently been 
isolated from wild animals, suggesting a pos- 
sible wild reservoir.2 

 
At physiologic temperatures, L. monocyto- 
genes actively expresses positive regulatory 
factor A (PrfA), allowing it to switch from an 
environmental to an infective lifestyle. A 
number of virulence factors are then ex- 
pressed, including internalin A and B (InlA 
and InlB). These bind to non-phagocytic cell 
membrane receptors such as E-cadherin and 
induce receptor-mediated endocytosis. Alter- 
natively, L. monocytogenes can be directly 
phagocytosed by phagocytic cells. Within the 
cytoplasmic vacuole, listeriolysin O, phos- 
pholipase A, and phospholipase B create 
membrane pores which allow the bacteria to 
escape in the cytoplasm and begin replicat- 
ing. Recent evidence has also shown that the 

bacteria can actually remain and replicate 
slowly within the vacuoles. Once in the cyto- 
sol, the actin assembly-inducing protein 
causes the cytoskeleton to rearrange, forming 
actin comet-tails which propel the bacteria 
around the cytoplasm or into an adjacent 
cell.2 

 
While ocular, cutaneous, and many rhomben- 
cephalic infections are initiated via traumatic 
inoculation, the method with which L. mono- 
cytogenes establishes enteric infection in ru- 
minants is still somewhat a mystery. In mice, 
InlA, InlB, and Listeria adhesion protein 
(LAP) enable the bacteria to translocate the 
mucosa with minimal host reaction. Rumi- 
nants are frequently asymptomatically in- 
fected, but in clinically affected animals bac- 
terial infection of myocytes leads to neutro- 
philic inflammation focused on the muscu- 
laris mucosa. In subsequent bacteremia, L. 
monocytogenes spreads to the spleen and 
liver, causing random hepatocellular necro- 
sis, pyogranulomas, and periportal inflamma- 
tion. Bacteremic spread can also spread to the 
placenta, causing fetoplacental infection, or 
to the udder, causing mastitis (though masti- 
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tis may also occur through direct inocula- 
tion). 2 The moderator and conference partic- 
ipants discussed the possibility that this case 
originated as a fetoplacental infection in 
which the fetus survived. 

 
In monogastrics, blood-borne bacteria (either 
extracellular or in leukocytes) can cross the 
blood-brain barrier, causing meningitis or 
meningoencephalitis. In ruminants, the bac- 
teria follows a different route of infection, 
crossing oral mucosa or skin, traveling up the 
axons of the cranial nerves, and establishing 
infection in the brainstem, causing rhomben- 
cephalitis.2 For additional information on the 
neurologic manifestation of L. monocyto- 
genes in ruminants, we recommend review- 
ing WSC 21-22, Conference 12, Case 2, 
which featured listerial rhombencephalitis in 
a lamb. 

 
The moderator and conference participants 
considered the distribution of hepatocellular 
necrosis in this case and agreed the majority 
of necrosis is affecting the periportal region, 
thus included under the umbrella of suppura- 
tive cholangiohepatitis. 
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CASE III: 

 
Signalment: 
67-day old, male, Holstein, bovine (Bos tau- 
rus) 

 
History: 
The calf was transferred to a farm for fatten- 
ing at 7-days old. The calf did not receive any 
vaccinations and developed respiratory signs, 
including coughing; the condition worsened 
despite antibacterial treatment with oxytetra- 
cycline. The calf was euthanized at the age of 
67-day old due to anorexia and respiratory 
distress. 

 
Gross Pathology: 
At necropsy, the liver was swollen and faded 
in color, with multiple, micro-yellow-white 
foci on the cut surface. The lungs showed 
hepatization in the anterior and middle lobes 
and regression failure in the posterior lobes. 
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Multiple petechiae and white foci were de- 
tected in the renal cortex. The spleen was 
congested and swollen. The growth of rumen 
papillae was poor, and the contents were 
muddy with an acidic odor. The pulmonary 
hilum, hepatic hilum, and mesenteric lymph 
nodes were edematous and swollen. 

 
Laboratory Results: 
Bacterial colonies morphologically and bio- 
chemically consistent with Salmonella enter- 
ica were isolated from the liver, spleen, kid- 
ney, lung, pulmonary hilar, and mesenteric 
lymph nodes by direct culture, and formed 
the whole blood, rumen, and cecal contents in 
an enriched culture. The isolates were identi- 
fied as S. enterica subsp. enterica by 16S 
rDNA sequencing and serotyped as Salmo- 
nella Dublin (serotype O9: g, p :-). The iso- 
lates contained the invA and spvC genes. No 
virological examination was performed. 

 
Microscopic Description: 
Severe multifocal hepatic necrosis and para- 
typhoid nodules were observed and charac- 
terized by histiocytic, lymphocytic, and neu- 
trophil infiltration. Infiltration of lympho- 
cytes and plasma cells was also detected in 
Glisson's capsule. A hyaline thrombus was 
observed in the central vein. In the kidney, 
severe multifocal pyogranulomatous intersti- 
tial nephritis was detected with hemorrhage. 
Similar lesions were found in the spleen and 
lung interstitium, as well as in the submucosa 
of the rumen, ileum, and cecum. Im- 
munostaining for anti-Salmonella O9 rabbit 
serum showed positivity in the cytoplasm of 
macrophages in the hepatic lesions. 

 
Contributor’s Morphologic Diagnoses: 
Liver: hepatitis, multifocal, necrotizing, his- 
tiocytic, lymphocytic and neutrophilic, para- 
typhoid nodules, Salmonella enterica subsp. 
enterica Dublin, Bos taurus, bovine 

Contributor’s Comment: 
Salmonellosis is a zoonotic, enteric, or multi- 
systemic disease, distributed worldwide.1, 3, 

6,7,9-11 This infection causes huge economic 
losses to the food animal industry. Salmo- 
nella spp. are rod-shaped, gram-negative, 
facultatively anaerobic bacteria belonging to 
the Enterobacteriaceae family.4 The genus 
Salmonella includes more than 2,500 sero- 
types within two species: S. enterica (more 
than 2,400 serotypes) and Salmonella bon- 
gori (20 serotypes).4,10 S. enterica is a major 
pathogen that can infect numerous animal 
species, in addition to humans.10 

 
Some Salmonella serotypes have particular 
host predilections. S. Dublin, Salmonella 
Choleraesuis, and Salmonella Gallinarum 
preferentially infect cattle, pigs, and chick- 
ens, respectively.4,9,10 Salmonella Typhi and 
Salmonella Paratyphi infect only humans, 
causing typhoid fever. In contrast, Salmo- 
nella Typhimurium and Salmonella Enter- 
itidis can infect a wide range of host species. 

 
 
 
 
 

Figure 3-1. Liver, calf. There is diffuse hepatomegaly 
with rounded edges. (Photo courtesy of: National Insti- 
tute of Animal Health, National Institute of Animal 
Health, National Agriculture and Food Research Organ- 
ization (NARO), 3-1-5Kannondai, Tsukuba, Ibaraki 
3050856, Japan, (WSC ID95), http://www.naro.af- 
frc.go.jp/english/niah/index.html) 
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Figure 3-2. Liver, calf. One section of liver and gallblad- 
der is submitted for examination. At subgross magnifi- 
cation, there is moderate edema of the connective tis- 
sue surrounding the gallbladder. (HE, 8X) 

 

Bovine salmonellosis is caused predomi- 
nantly by S. Dublin and S. Typhimurium;1,4 

however, other serotypes are also capable of 
causing infection in cattle.1,4  In  adult  cattle, 
S. Dublin infection is common, and can be 
asymptomatic or characterized by abortion in 
pregnant cows. S. Dublin infection is also as- 
sociated with fever, reduced milk production, 

and mild-to-moderate diarrhea. The affected 
animals shed S. Dublin intermittently, lead- 
ing to sporadic or repeated outbreaks of dis- 
ease in the herd.10 In calves, S. Dublin is as- 
sociated with systemic infections, which can 
result in meningoencephalitis, polyarthritis, 
hepatitis, cholecystitis, pneumonia, splenitis, 
and lymphadenitis occasionally in the ab- 
sence of diarrhea.4,10,11 Recently, pyelone- 
phritis, urocystitis, ureteritis, and gangrene of 
the distal extremities have also been reported 
in calves.3,7,12 

 
Conversely, S. Typhimurium causes enteritis 
and marked acute exudative diarrhea in 
young calves less than 2 months of age.4 Fe- 
ver, anorexia, prominent diarrhea, and dehy- 
dration, which are secondary to acute ne- 
crotizing enteritis, are found in bovine S. 
Typhimurium infections. Disease severity 
and lethality were inversely proportional to 
the age of the affected calves. The feces are 
often watery, with variable amounts of mu- 
cus, fragments of the intestinal mucosa, or 
blood clots. Abortion is uncommon in S. 
Typhimurium infections.10 

 

 
Figure 3-3. Liver, calf. In proximity to the gallbladder, there is a large focus of hepatocellular necrosis and loss with stromal 
collapse. There is infiltration of macrophages peripherally and fewer lymphocytes. (HE, 367X) 
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The diagnosis of septicemic salmonellosis is 
based on clinical and pathological findings 
and confirmed through microbiological cul- 
ture and identification of S. Dublin by the 
polymerase chain reaction technique.6 S. 
Dublin was identified by culture, 16S rDNA 
sequencing and serotyping. On immunohisto- 
chemical examination, Salmonella O9 anti- 
gen was detected in the lesions. The patho- 
logical and bacterial findings in this case 
were consistent with septicemic salmonello- 
sis.11 

 
Oral transmission can occur via the feces, 
contaminated food, water, or milk/colostrum. 
The emergence of multidrug-resistant strains 
is beginning to limit treatment options.1,5,15 

 
Contributing Institution: 
National Institute of Animal Health, 
National Agriculture and Food Research Or- 
ganization (NARO) 
3-1-5Kannondai, Tsukuba, Ibaraki 305-0856, 
Japan 
(WSC ID95) 
http://www.naro.affrc.go.jp/english/niah/in- 
dex.html 

 
JPC Diagnosis: 
1. Liver: Hepatitis, necrotizing, multifocal, 
random, marked (paratyphoid nodules), with 
vasculitis and thrombosis. 
2. Bile duct, adventitia: Edema, diffuse, mod- 
erate. 

 
JPC Comment: 
It is hypothesized that there were three major 
steps in the evolution of Salmonella enterica 
subsp. enterica from its common ancestor 
with Escherichia coli.1 The first step in- 
volved acquisition of Salmonella pathogenic- 
ity island (SPI-1), which is present in all Sal- 
monella species and encodes virulence fac- 
tors important in establishing an intestinal in- 
fection. 1 The second step involved acquisi- 
tion of Salmonella pathogenicity island 2 

(SPI-2), which is present in S. enterica but 
lacking in S. bongori. 1 The last jump in- 
volved expansion of the host range from ec- 
tothermic vertebrates to bird and mammals, 
and the bacteria may have developed the abil- 
ity to survive within macrophages as a mech- 
anism to overcome the robust gastrointestinal 
defense mechanisms in this new host range.1 

 
As the contributor describes, different sero- 
types of Salmonella enterica subsp. enterica 
have different host ranges and spectra of dis- 
ease. Unrestricted serotypes, including 
Typhimurium and Enteritidis, tend to cause 
enteritis in young animals in a wide range of 
species. Host-adapted serotypes, such as 
Dublin and Cholerasuis, can cause either en- 
teritis or systemic disease in their specific 
species.14 Host-restricted serotypes, includ- 
ing Typhi, Gallinarum, and Abortisuis, tend 
to cause systemic infection with minimal to 
no enteritis in their specific species.14 

 
Table 3-1. Examples of host adapted and re- 

stricted Salmonella enterica subsp. enterica sero- 
types. Adapted from Uzzau et al, 2000. 

  
Serotype Natural 

host 

Other 
hosts 
(rare) 

Host- 
adapted Cholerasuis Swine Human 

Host- 
adapted Dublin Bovine Human, 

ovine 
Host-re- 
stricted Typhi Human - 

Host-re- 
stricted 

Paratyphi A, 
C Human - 

Host-re- 
stricted Sendai Human - 

Host-re- 
stricted Abortusovis Ovine - 

Host-re- 
stricted Gallinarum Poultry - 

Host-re- 
stricted Typhisuis Swine - 

Host-re- 
stricted Abortisequi Equine - 
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Typically, bacteria which are highly adapted 
to a host have evolved to cause a minimal to 
tolerable level of disease, allowing for host 
survival and spread of bacterial infection.1 S. 
enterica is unique in that high adaptation cor- 
responds to higher virulence within the host, 
which mathematic models suggest has fa- 
vored the development of the carrier state.1 

The success of this strategy is evidenced by 
the proverbial disease carrier, Typhoid Mary, 
who harbored S. Typhi in a gallstone and 
spread the infection to numerous individuals 
while working as a cook in the early 1900s.8 

 
Salmonella possesses flagella which enable 
motility and uses fimbriae to adhere to the 
mucosal epithelial cells.13 A type III secretion 
system allows injection of effector proteins 
into the cytoplasm. 13 The bacteria is engulfed 
into a vacuole via receptor-mediated endocy- 
tosis or by entering through the intercellular 
junction complex. 13 LPS on the cell wall re- 
sists host defense mechanisms (such as opso- 
nization) and stimulates prostaglandin syn- 
thesis. In cases of enteritis, diarrhea occurs as 
a result of enterocyte loss, prostaglandin E2- 
induced hypersecretion, and leakage from 
damaged mucosa. 13 

 
In systemic salmonellosis, the bacteria in- 
vades and survives within macrophages, pro- 
ducing bacteremia and septicemia.13 S. Dub- 
lin is unique in that it can also survive extra- 
cellularly and spread free within lymphatic 

 

Figure 3-4. Liver, calf. Smaller foci of necrosis are infil- 
trated by macrophages (paratyphoid nodules). (HE, 
459X) 

 

 
Figure 3-5. Liver, calf.  Macrophages within necrotic le- 
sions demonstrate immunopositivity with antisera 
against Salmonella sp. (anti-Salmonella, 400X) (Photo 
courtesy of: National Institute of Animal Health, Na- 
tional Institute of Animal Health, National Agriculture 
and Food Research Organization (NARO), 3-1-5Kannon- 
dai,  Tsukuba,  Ibaraki  3050856,  Japan,   (WSC   ID95), 
http://www.naro.affrc.go.jp/english/niah/index.html) 

fluid.13 Once in systemic circulation, bacteria 
are removed by fixed macrophages through- 
out the body, including in the liver, spleen, 
kidney, and bone marrow, producing paraty- 
phoid granulomas as seen in this case.13 In se- 
vere cases, septicemia may be fatal. 13 

 
As the contributor describes, S. Dublin 
causes severe acute disease in calves charac- 
terized by endotoxemia with depression, res- 
piratory distress, and death. In a recent re- 
view of 57 infected Holstein calves less than 
6 months of age, the most consistent lesions 
were neutrophilic infiltrates in the alveolar 
capillaries and septa and necrosuppurative 
and histiocytic hepatitis with paratyphoid 
granulomas.11 In approximately half of the 
cases, neutrophilic infiltrates were observed 
in the lymph nodes and marginal zone of the 
spleen.11 Key features which differentiated S. 
Dublin from systemic E. coli infection were 
paratyphoid nodules in the liver and age, with 
E. coli endotoxemia primarily affecting 
calves less than two weeks of age and S. Dub- 
lin affecting older calves.11 
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The moderator provided a general rule of 
thumb for two gross necropsy findings highly 
suggestive of S. Dublin infection in calves: 
icterus and gall bladder edema with mucosal 
pseudomembrane formation. 
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CASE IV: 

 
Signalment: 
4 day-old, female, Belgian blue x Holstein, 
Bos Taurus, cattle/bovine. 

 
History: 
This calf was from a 100 head dairy farm 
with a few weeks history of diarrhea in neo- 
natal calves; diarrheal episodes were also ob- 
served in a few older calves and heifers. As 
the diarrhea resolved within a few days with 
no or only supportive treatment, the cause 
was not thoroughly investigated, although 
coprological examinations revealed Crypto- 
sporidium. However, as four diarrheic calves 
had died in the previous week, the veterinar- 
ian submitted an untreated dead calf to our 
diagnostic laboratory. The same herd had ex- 
perienced Salmonella Dublin-associated dis- 
ease 5 years before. 

 
Gross Pathology: 
The calf was submitted partially frozen. Body 
condition was assessed as good. The perineal 
region was covered with abundant feces. 
There was marked bilateral enophtalmos and 
the subcutaneous tissues were “sticky”, con- 
sistent with dehydration. The thymus was 
moderately atrophied. Intestinal contents in 
the distal half of the small intestine, the ce- 
cum and spiral colon were not abundant, but 
they were liquid, pinkish to brownish with 
small clumps of fibrin-like material. The in- 
testinal mucosa was hard to assess due to 
freezing/thawing, but there was no evidence 
of hyperemia, necrosis or fibrinous pseudo- 
membranes. There was some milk in the ru- 
men (“ruminal drinking”), but contents and 
mucosa of the gastric compartments were 
otherwise normal. 

Laboratory Results: 
Bacteriology: ileum and colon: ++++ non-he- 
molytic E. coli that were eae+, but F5-, STa- 
, Stx1- and Stx2- (3/3 colonies tested  
EPEC). Negative for Salmonella. Virology: 
PCR negative for BCoV (coronavirus), type 
A rotavirus and BVDV. Parasitology: only a 
few Cryptosporidium oocysts were detected. 

 
Microscopic Description: 
This is a section of ileum; there is variability 
among slides (either one of two sections) and 
moderate post-mortem changes, mostly des- 
quamation. Multifocally, short bacilli are ad- 
herent to the villous enterocytes’ brush bor- 
der, sometimes intimately with basophilia 
(bacteria) and palisading, and/or a scalloped 
epithelial surface. A Gram stain showed the 
bacilli to be Gram-negative (slide not pro- 
vided). Similar lesions were present in the 
middle and distal jejunum and rarely in the 
colon. Associated changes vary from a few 
scattered luminal neutrophils to a luminal 
mass of fibrin, neutrophils and debris; in the 
latter case, there are a few capillaries with fi- 
brin thrombi in the lamina propria. There is 
moderate lymphoid depletion in Peyer’s 
patches. 

 
Contributor’s Morphologic Diagnoses: 
Ileum, villous epithelium: intimately adher- 
ent bacilli with attaching and effacing mor- 
phology and minimal enteritis (consistent 
with EPEC infection) 

 

 
Figure 4-1. Ileum, calf. A single section of ileum is sub- 
mitted for examination. (HE, 5X) 
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Contributor’s Comment: 
Based on the typical attaching and effacing 
intestinal lesions, the bacteriological results, 
and the absence of another cause, the diarrhea 
in this case was attributed to EPEC (entero- 
pathogenic E. coli) infection, which is unu- 
sual as although EPEC infection is not infre- 
quent in calves, it is rarely diagnosed as the 
main or sole cause of diarrhea. Although not 
conspicuous in examined sections, it was as- 
sumed that microulcerations were present 
and responsible for the fibrinosuppurative ex- 
udate seen grossly and in one of the sections. 
The Gram stain was done to be sure the bac- 
teria were not enteroadherent cocci (e.g. En- 
terococcus durans), a rare cause of diarrhea 
in calves and piglets. 

 
In humans, diarrheagenic E. coli (DEC) can 
be classified into six major classes, or patho- 
types: enterotoxigenic E. coli (ETEC), en- 
teropathogenic E.coli (EPEC), enterohemor- 
rhagic E. coli (EHEC), enteroinvasive E.coli 
(EIEC), enteroaggregative E. coli (EAEC) 
and diffusely adherent E. coli (DAEC).1,4,9 

Another pathotype, adherent invasive E.coli 
(AIEC), has been proposed to be involved in 
inflammatory bowel disease (Crohn’s dis- 
ease; ulcerative colitis).1,7 Of these patho- 
types, only ETEC is a significant cause of di- 
arrhea in domestic animals, especially in pig- 
lets and calves,9,11 except in rabbits in which 
EPEC is a major cause of diarrhea;14 EPECs 
in humans primarily involves children, espe- 
cially infants, in developing countries.4 Do- 
mestic animals, especially ruminants, are 
mostly reservoirs for EHECs, but EHECs can 
occasionally cause diarrhea in some species. 
The other pathotypes (EIEC, EAEC and 
DAEC) have not to our knowledge been re- 
ported in natural disease in domestic animals 
and will not be discussed further. ETECs, 
EPECs and EHECs are defined by virulence 
factors, have histopathologic characteristics 
(type and localization), and are associated 
with typical clinical signs; these categories 

 
 

 
Figure 4-2. Ileum, calf. There is mild autolysis of this 
section, hampering evaluation of villar length. There is 
mild depletion of the underlying Peyer’s patch. (HE, 
38X) 

are not mutually exclusive and some strains 
overlap pathotypes.4 

 
ETECs are able to colonize the small intesti- 
nal villous enterocytes through one or more 
fimbriae and produce one or more entero- 
toxin that cause secretory diarrhea, which is 
watery and profuse.1,11 On light microscopy, 
bacilli are seen close to the apical portion of 
the villous enterocytes and are typically not 
associated with significant morphologic or 
inflammatory changes except in piglets in 
which mostly F4+ strains can occasionally 
cause a hemorrhagic gastroenteritis, possibly 
due to endotoxic shock.2,11 

 
EPECs and the vast majority of EHECs cause 
a characteristic lesion known as “attaching 
and effacing” (AE) and are thus collectively 
known as attaching and effacing E. coli 
(AEEC).1, 9,11,12 AEEC lesions have de- 
scribed in humans/primates, rabbits, pigs, 
small ruminants, dogs, cats and birds (broiler 
chickens and turkeys).6,12This lesion is char- 
acterized at the light microscopic level by a 
colonization that is more intimate than for 
ETECs and associated with morphologic/de- 
generative changes in colonized enterocytes; 
bacteria in well-established lesions can be 
seen as coccobacilli, which are often more 
basophilic, in the brush border. Villous and 
cryptal epithelium in the small and/or large 
intestine can be involved. Colonized entero- 
cytes eventually appear rounded-up, giving 

155



the epithelium a scalloped surface, and ulti- 
mately die and slough; if enterocyte loss is 
marked, villous atrophy/fusion, erosions and 
superficial ulcerations may be observed, with 
secondary inflammatory changes.1,11,12 Elec- 
tron microscopic AEEC lesions are charac- 
terized by intimate attachment of the bacteria 
to the enterocytes’ apical cytoplasmic mem- 
brane, often with a cup-shaped actin “pedes- 
tal” in the underlying cytoplasm, and efface- 
ment of the microvilli.12 The genes responsi- 
ble for the attaching and effacing lesion are 
located on the “locus of enterocyte attach- 
ment” (LEE), a large pathogenicity island; 
the LEE includes the eae (intimin) and, ex- 
cept in EHECs and “atypical” EPECs, bfp 
(bundle-forming pili) genes; detection of the 
eae gene is used for molecular identification 
of AEEC strains. The genesis of AE lesions 
essentially goes through four stages: 1) initial 
non-intimate attachment (bfp in typical 
EPECs; other fimbriae in atypical EPECs and 
in EHECs), 2) translocation of bacterial pro- 
teins, including Tir (translocated intimin re- 
ceptor), into the enterocyte’s cytosol, 3) inti- 
mate attachment mediated by intimin, which 

binds to Tir, with underlying cytoskeletal re- 
organization (actin pedestal) and 4) invasion 
of bacteria into the cytoplasm (free or within 
vacuoles).4, 12 Attaching and effacing lesions 
are not restricted to AEEC. Citrobacter ro- 
dentium causes transmissible murine colonic 
hyperplasia in mice (one strain of Citrobacter 
rodentium had previously been called mouse- 
pathogenic E.coli), and Escherichia albertii 
is emerging as a new human diarrheagenic 
bacterium (including some misidentified as 
atypical EPECs) and avian pathogen; both 
produce AE lesions via the LEE genes.1,8,13 

 
In contrast to EPECs, EHECs produce shi- 
gatoxins from either or both Stx1 and Stx2 
families/groups; although EHECs have other 
potential virulence factors, this is the defining 
characteristic that separates EHECs from 
EPECs.1,4,9 EHECs are included in the shi- 
gatoxin-producing E. coli pathotype 
(STEC),1 and STEC and EHEC are some- 
times used interchangeably, which is not cor- 
rect as some STEC strains are neither AE nor 
diarrheagenic (e.g. Stx2e-producing in por- 
cine edema disease).9 Some STEC strains are 
LEE-negative (and thus not AE), but produce 

 

 
Figure 4-3. Ileum, calf. Numerous short bacilli line the apical surface of enterocytes lining the villar enterocytes. 
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hemorrhagic colitis and HUS, and are thus 
considered EHECs.1,9 Shigatoxins bind and 
cause damage to enterocytes and vascular en- 
dothelial cells (mostly intestinal and renal). 
Damage to renal endothelial cells is the basis 
of a thrombotic microangiopathy known as 
hemolytic uremic syndrome (HUS), which is 
a potentially lethal complication of EHEC in- 
fection in humans;1 HUS-like lesions have 
been reported in animals, but were not asso- 
ciated with EHEC-induced hemorrhagic coli- 
tis. EPEC-induced diarrhea in humans and 
other animals varies from mild to marked and 
may be variably blood-tinged if epithelial 
damage is extensive. The pathogenesis of 
EPEC-induced diarrhea does not involve 
toxin production and the exact mechanism is 
uncertain. Diarrhea is assumed to be due 
mainly to maldigestion (loss of brush border 
enzymes) and malabsorption (loss of absorp- 
tive surface), thus osmotic in nature, and de- 
pendent on lesion extent; alteration of water 
and ion channels due to the AE lesion may 
also be involved.1,11 EHEC-induced diarrhea 
in humans varies from mild, with only AE le- 
sions, to severe with hemorrhagic colitis (or 
ileocolitis) and variably HUS; the best known 
and studied serotype associated with the lat- 
ter is O157:H7.1 In other animals, EHEC-in- 
duced diarrhea has only been reported, to our 
knowledge, in calves and a goat.9,11,12 In 
calves, lesions are essentially similar to those 
in humans, but are generally less severe and 
not associated with HUS.9,11,12 This has been 
ascribed to the lack of Stx receptors in bovine 
endothelial cells; however, Stx does bind to 
bovine enterocytes and causes epithelial 
damage.9 

 
The main causes of diarrhea in young calves 
are E. coli, type A rotavirus, bovine corona- 
virus, Cryptosporidium parvum and Salmo- 
nella enterica subsp. enterica (mainly 
serovars Typhimurium and Dublin).11 With 
regards to E. coli, the overwhelming majority 
of cases are due to F5+ Sta+ ETECs and are 

seen as a profuse watery diarrhea in the first 
7-10 days of life.9,10 EPECs and EHECs have 
been isolated from feces of diarrheic and nor- 
mal calves, usually 1-5 weeks of age (i.e. 
older than for ETECs);9,11 their importance in 
calf diarrhea is not clear. In autopsy cases, 
both EPECs and EHECs have been shown to 
cause diarrhea/enterocolitis in calves, but are 
much less frequently involved than ETECs 
and are often associated with other diarrhea- 
genic agents. Clinically, the disease ranges 
from mild diarrhea to, mostly with EHECs, 
dysenteric (variably hemorrhagic). In our la- 
boratory, EPECs is rarely diagnosed as the 
main or sole cause of diarrhea in calves and 
piglets, usually in immunocompromised ani- 
mals. 

 
Contributing Institution: 
Faculty of veterinary medicine, Université de 
Montréal. Website: http://www.med- 
vet.umontreal.ca 

 
JPC Diagnosis: 
Small intestine: Enterocyte degeneration, 
acute, multifocal, moderate, with villar blunt- 
ing and numerous attached apical cocco- 
bacilli. 

 
JPC Comment: 
The contributor provides an outstanding ex- 
planation of attaching and effacing patho- 
gens, E. coli classifications, and differential 
diagnoses for this case. At the heart of the at- 
taching and effacing activity is a type 3 secre- 
tion system (T3SS) that allows the bacteria to 
inject virulence proteins (effectors) into the 
host cell cytoplasm. The T3SS is encoded in 
the LEE, as described by the contributor, 
which is highly conserved in all attaching-ef- 
facing pathogens.3 Also known as an injecti- 
some, the T3SS contains a syringe shaped 
structure with a central channel which ac- 
commodates translocation of unfolded pro- 
teins, and each EPEC cell is estimated to have 

157

http://www.medvet.umontreal.ca/
http://www.medvet.umontreal.ca/


twelve needle complexes.3 Injection of effec- 
tors into the host cytosol enables the bacteria 
to modify host actin cytoskeleton, interfere 
with ion transport, and prevent formation of 
microtubules.3 

 
Gram-negative bacteria have six dedicated 
secretion systems, numbered I through VI, 
which vary in structure and substances which 
can be transported. T1SS, found in bacteria 
such as Vibrio cholerae and Serratia mar- 
cescens, can transport substances across two 
membranes, the inner and outer bacterial 
membranes, in one step.5 Types IV and VI 
can transfer substances across three mem- 
branes: both bacterial membranes and one 
additional host membrane.5 T4SS is capable 
of transporting DNA and proteins, and is 
found in Brucella suis, Helicobacter pylori, 
and Neisseria gonorrheae, among others.5 

T6SS, found in V. cholerea and Pseudomo- 
nas aeruginosa, may transfer effectors into 
host cells but may also be used to secrete sub- 
strates into the environment for bacterial 
communication and competition.5 

 
T2SS and T5SS are isolated to the outer bac- 
terial membrane. T2SS is found in most 
Gram-negative bacteria and transfers folded 
proteins from the periplasm to the extracellu- 
lar space.5 T5SS is unique in that the sub- 
strates are auotransporters, forming their own 
channels in the outer membrane.5 This sys- 
tem requires proteins in the periplasm to be 
unfolded prior to secretion, and most of the 
substrates are virulence factors such as toxins 
or receptor-binding proteins.5 Examples in- 
clude YadA from Yersinia enterocolitica and 
IcsA of Shigella flexneri.5 From assisting 
with adhesion to secreting toxic effectors, 
these secretion systems play important roles 
in pathogenesis of various gram-negative in- 
fections. 
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WSC 2022-2023 Self-assessment. 
Conference 7 

 

1.  Which of the following is the cause of severe hemorrhagic diarrhea in calves? 
a. Bovine adenovirus-1 
b. Bovine adenovirus-4 
c. Bovine adenovirus-7 
d. Bovine adenovirus-8 

 
2. Which of the cranial nerves is involved in listerial encephalitis? 

a. Facial 
b. Trigeminal 
c. Hypoglossal 
d. Auditory 

 
3.  Which of the following is NOT a classic form of listeriosis in ruminant? 

         a.  Abortion 
         b.  Enteritis 
         c.  Encephalitis 
         d. Septicemia 

 
4. True or false?  Salmonella dublin may cause abortion in pregnant cows. 

a. True 
b. False 

 
5. Which of the following forms of pathogenic E. coli has not been reported in natural disease in 

domestic species? 
a. Diffuse-adherent E. coli 
b. Enterotoxigenic E. coli 
c. Enteropathogenic E. coli 
d. Enterohemorrhagic E. coli 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
10-day-old Red Angus-Simmental calf (Bos 
Taurus) bovine 

 
History: 
Over a period of 8 years (2013–2021) a total 
of six Red Angus-Simmental bull calves 
were born alive full term with hypotrichosis 
and oligodontia on a ranch in the Nebraska 
panhandle, USA. According to the attending 
veterinarian, the calves appeared almost 
completely alopecic. Animals tended to die in 
the first week of life, probably related to be- 
ing born in spring with associated cold tem- 
peratures. The owners kept one calf (current 
case) alive by housing him indoors, wrapped 
in an insulated coat. A skin sample was taken 
to exclude inter-uterine infection with bovine 
viral diarrhea virus (BVDV), with negative 
results. The calf was alert and nursed nor- 
mally. He was euthanized at 10 days of post- 
natal life in order to characterize cutaneous 
lesions and to establish whether lesions were 
present elsewhere, particularly in respiratory 
tract and oral cavity. 

 
Gross Pathology: 
The calf was almost completely devoid of 
large, guard-type hairs at birth, excepting dis- 
tal parts of the limbs and tail, eyelids, chin 
and tragus. Vibrissae were present on the 
muzzle and chin. Short fine hairs consistent 
with undercoat were present over the trunk, 

neck, head and upper two thirds of the limbs. 
The nasolabial plate was flat and dry. All in- 
cisors were absent grossly, a finding that was 
confirmed radiographically. According to the 
owner and the attending veterinarian, the 
other five affected bull calves had a similar 
phenotype, including the absence of visible 
teeth. Hooves were unremarkable. Obvious 
ocular lesions were absent. 

 
Laboratory Results: 
A biopsy of aural skin was negative for bo- 
vine viral diarrhea virus by antigen ELISA. 

 
Microscopic Description: 
Haired skin-subcutis from flank. There is a 
complete absence of large caliber hair folli- 

 

Figure 1-1. Presentation, calf. The calf is partially alo- 
pecic with no large guard-type hairs, excepting distal 
parts of the limbs and tail, eyelids, chin and tragus. Vi- 
brissae were present on the muzzle and chin. The na- 
solabial labial plate is dry. (Photo courtesy of: Wyo- 
ming State Veterinary Laboratory; 1174 Snowy Range 
Road; Laramie; WY 82070; 
http://www.uwyo.edu/wyovet/) 
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cles containing medullated hair shafts. Exist- 
ing follicles are uniformly small (diameter of 
35 - 40 µm) and contain non-medullated, 
lightly pigmented hairs of unremarkable ap- 
pearance. Each follicle retains a normal rela- 
tionship with apocrine glands, arrector pili, 
and sebaceous glands. There is a mild diffuse 
lymphohistiocytic inflammation in upper 
dermis. 

 
Contributor’s Morphologic Diagnoses: 
1. Severe diffuse congenital hypotrichosis, 
with absence of primary hair follicles. 
2. Mild diffuse superficial lymphohistiocytic 
dermatitis. 

 
Contributor’s Comment: 
In addition to hypotrichosis, the affected calf 
had oligodontia with only 12 deciduous teeth, 
all of which were unerupted or barely erupted 
premolars at the time of euthanasia. The calf 
also lacked nasolabial, tracheal and bron- 
chial-bronchiolar glands. Analysis at the In- 
stitute of Genetics in the University of Bern 
identified a 53 kb deletion in the X chromo- 
some, including part of the EDA gene and all 
of AWAT2. Partial deletion of EDA is the 
likely basis for this form of hypotrichosis-ol- 
igodontia.8 

 

 
Figure 1-3. Mandible, calf. Incisors and cheek teeth are 
absent. (Photo courtesy of: Wyoming State Veterinary 
Laboratory;  1174  Snowy  Range  Road;  Laramie;   WY 
82070; http://www.uwyo.edu/wyovet/) 

This combination of lesions involving hair 
follicles, teeth and aplasia of selected glands 
indicates an ectodermal dysplasia.5 Mutation 
in EDA, marked reduction in large (develop- 
mentally first-formed) hair follicles contain- 
ing medullated hairs, restriction of the disor- 
der to bull calves, and the lesions in non-cu- 
taneous tissues is consistent with an X-linked 
disease. This is reported sporadically in Hol- 
stein and Holstein Friesian cattle, Japanese 
Black cattle, and crossbred cattle. Currently 
most of the published reports document one 
or more affected calves in commercial herds 
in Europe.9 Affected calves die or are killed 
early in post-natal life. Some can be kept 
alive when fed a chopped diet after they begin 
to ruminate, combined with protection from 
weather extremes. Currently 9 episodes of the 
bovine condition have been documented.9 

The causative abnormality in EDA varies. In- 
vestigators report various small or gross de- 
letions, insertions, inversions, splicing, and 
nonsense (stop-gain) mutations. The result- 
ant phenotype is remarkably uniform, based 
on published accounts. Similar forms of ec- 
todermal dysplasia due to EDA variants are 
reported in dogs, mice, and people.3 AWAT2 
encodes an enzyme in the diacylglycerol 

 
Figure  1-2.  Legs, calf.  Short  fine hairs consistent with 
undercoat were present over the trunk, neck, head and 
upper two thirds of the limbs. (Photo courtesy of: Wyo- 
ming State Veterinary Laboratory; 1174 Snowy Range 
Road; Laramie; WY 82070; 
http://www.uwyo.edu/wyovet/) 
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acyltransferase family. The enzyme produces 
wax esters as part of the normal lipid metab- 
olism of skin, primarily in sebocytes. The 
submitter did not recognize a lesion in seba- 
ceous glands of affected calves. 

 
This bovine ectodermal dysplasia corre- 
sponds to X-linked hypohidrotic ectodermal 
dysplasia-1 in human subjects 
(ECTD1)(OMIM 305100).10,13 EDA codes 
for ectodysplasin, a member of the TNF-re- 
lated ligand family which mediate epithelial- 
mesenchymal interactions during fetal devel- 
opment, including formation of ectodermal 
appendages.11 Use of the term ECTD has 
been proposed for calves with analogous mu- 
tations in EDA.3 

 
Unlike affected people and mice, there is no 
simple way to assess the function of sweat 
glands in neonatal calves. There is disagree- 
ment about whether sweat glands in affected 
calves are histologically normal. The submit- 
ter compared sweat glands from affected 
calves to those in unaffected calves from the 
source herd and there was no obvious differ- 
ence. 

 
Affected human patients have a triad of signs 
comprising sparse hair (hypotrichosis), ab- 
normal or missing teeth (anodontia or hypo- 
dontia), and anhidrosis/hypohidrosis. Medi- 
cal complications in affected people are hy- 
perthermia due to inability to sweat normally, 
and recurrent respiratory infections. Affected 

children can be treated successfully using an- 
tenatal injections of recombinant ectodys- 
plastin.12 Treatment was also successful two 
animal models of ECTD-like syndromes 
(Tabby mice; dogs).4,6 

 
It is diagnostically useful to check for oligo- 
dontia in calves with marked congenital hy- 
potrichosis, since its presence narrows differ- 
ential considerations regarding etiology. 
Calves that are bald at birth will be obvious 
to owners. It is common for veterinarians to 
be contacted about such calves. The first 
question is generally: could this be inherited? 
Non-genetic causes of congenital hypotricho- 
sis exist, such as transplacental bovine diar- 
rhea virus infection (excluded here), maternal 
iodine deficiency, and adenohypophyseal hy- 
poplasia. Neonatal calves that present with 
hypotrichosis, oligodontia and a smooth dry 
nasal plate should prompt consideration of an 
inherited abnormally in the EDA molecular 
pathway. The defect most commonly in- 
volves EDA itself. Mutations may affect 
other genes in the pathway (i.e., EDAR, 
EDARADD orTRAF6), resulting in a similar 
phenotype.11 

 
Mild changes affecting teeth, hair and sweat 
glands occurs in some mothers of children 
with ECTD1, but are generally subtle. Inves- 
tigation of similar changes in carrier carriers 
and calves is limited. 

 

 
Figure 1-4. Haired skin, calf. The epidermis and superfi- 
cial dermis are markedly thinned (hypoplasia). (HE, 5X) 

 

 

 
Figure 1-5. Haired  skin. The  epidermis  is  hypoplastic, 
with one cell for each of the basal layer, stratum spon- 
giosum, and stratum corneum. All follicles are in 
telogen. Hair shafts within telogen follicles are thin 
with no medulla; deeper telogen follicles are twisted. 
Sebaceous glands are normal, and there are few lym- 
phocytes and plasma cells within the dermis. (HE, 200X) 
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Contributing Institution: 
Wyoming State Veterinary Laboratory; 1174 
Snowy Range Road; Laramie; WY 82070; 
http://www.uwyo.edu/wyovet/ 

 
JPC Diagnosis: 
1. Haired skin: Hypotrichosis, diffuse, severe 
with trichodysplasia. 
2. Haired skin: Dermatitis, lymphohistio- 
cytic, superficial and perivascular, mild. 

 
JPC Comment: 
This week’s moderator, Dr. Charles Bradley 
from the University of Pennsylvania, empha- 
sized that it is not possible based on histo- 
pathologic examination alone to rule out non- 
genetic causes of hypotrichosis. Other differ- 
entials in calves which be considered include 
iodine deficiency; toxins (Veratrum album in 
Japanese cattle), adenohypophyseal hypo- 
plasia in Guernsey and Jersey cattle, and in- 
trauterine infection with bovine pestivirus 
(bovine viral diarrhea virus; ruled out in this 
case using ELISA testing). 

 
Currently, there are nine X-linked EDA mu- 
tations causing ectodermal dysplasia in vari- 
ous breeds of cattle.1 Additionally, there is 
one documented autosomal recessive muta- 
tion in the EDA receptor gene associated with 
ectodermal dysplasia in Charolais cattle.8 

 
Humans, mice, and cattle with ectodermal 
dysplasia may lack of normal glands of the 
respiratory tract, such as bronchial and bron- 
chiolar glands, which compromises mucocil- 
iary clearance and predisposes affected ani- 
mals to respiratory infections, including si- 
nusitis and pneumonia.1,7,8 Additionally, 
EDA is crucial for the development and func- 
tion of lacrimal and Meibomian glands, cor- 
neal homeostasis, and corneal wound heal- 
ing, and recurrent conjunctivitis has been 
documented in dogs with ectodermal dyspla- 
sia and EDA-deficient mice.1,7,8 

Recently, it has been reported that several 
mice and rat strains with EDA deficiency also 
have significant Zymbal’s gland hypoplasia, 
with fewer hair follicles and smaller seba- 
ceous glands in the external ear canal.2 Af- 
fected rodents have increased prevalence of 
otitis externa, and the authors concluded this 
was likely due to sebum deficiency.2 Strains 
with Zymbal’s gland hypoplasia included 
EDA-deficient mice, EDA receptor (EDAR) 
deficient mice, and EDAR-associated death 
domain (EDARADD) deficient rats.2 The 
EDA-deficient mice and EDARADD defi- 
cient rats were also predisposed to otitis me- 
dia due to deficiency of nasopharyngeal sub- 
mucosal glands associated with the auditory 
tube.2 
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CASE II: 

 
Signalment: 
3 year, 7 month old female four-toed hedge- 
hog (Atelerix albiventris) 

 
History: 
This adult female hedgehog had a brief (2-3 
day) history of reduced appetite and unsteady 
gait before being found dead. 

 
Gross Pathology: 
Gross examination revealed a large, solitary, 
well-demarcated, 1.3 cm x 1.2 cm x 1.8 cm 
mass in the left axillary region, approxi- 
mately 0.2 cm lateral to the second left teat. 
An approximately 3.0 cm x 1.0 cm x 0.4 cm 
segment of the mass projected cranially 
through the subcutis, adjoining the axillary 
lymph node. On cut section, the mass was 
firm and tan with coalescing red segments. 
The skin overlying the mass was partially al- 
opecic and hyperkeratotic, while the skin of 
the pinnae and dorsum exhibited moderate 
hyperkeratosis and flaking. Internally, two, 
approximately 2 mm diameter, tan, firm nod- 
ules were present in the dorsal aspect of the 
right lung and there was enlargement of a 
dorsocranial mediastinal lymph node (1.2 cm 
x 0.4 cm x 0.3 cm) which was mottled red and 
tan. Moderate thoracic effusion, approxi- 
mately 2-3 ml of brown translucent fluid, was 
present. The spleen was mildly enlarged (5.6 
cm x 1.5 cm x 0.4 cm) and diffusely dark pur- 
ple. 

 
Laboratory Results: 
PCR targeting the ITS2 region of the fungal 
genome (5.8S – 28S), performed on FFPE tis- 
sue from the axillary mass, amplified two 
bands. The first, a 256 bp sequence, was 
97.6% identical to GenBank No. 

 
Figure 2-1. Axilla, hedgehog. There is a 1.3 cm nodule 
within the axillary subcutis. (Photo courtesy of: Wild- 
life Conservation Society, Zoological Health Program; 
https://oneworldonehealth.wcs.org; www.wcs.org) 
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NR_149340, Trichophyton erinacei strain 
ATCC 28443 (Blastn analysis, NCBI). Anal- 
ysis of this sequence using the ISHAM (In- 
ternational Society for Human and Animal 
Mycology) Barcoding Database 
(https://its.mycologylab.org/; accessed June 
2021) revealed this sequence to be greater 
than 99.4% identical to two strains of T. eri- 
nacei. 367 bp of trimmed DNA sequence 
was also obtained, and Blastn analysis 
showed this sequence to be 100% identical to 
several isolates of Malassezia restricta, in- 
cluding GenBank No. EU915456. 

 
Microscopic Description: 
Axillary Skin: Markedly expanding and ef- 
facing the subcutis, and multifocally effacing 
skeletal muscle and extending into the dermis 
is a densely cellular inflammatory infiltrate. 
The infiltrate is composed of loose nodules of 
neutrophils, macrophages and multinucleated 
giant cells with occasional eosinophils, sur- 
rounded by a rim of epithelioid macrophages 
and a thin band of fibrous connective tissue 
(pyogranulomas). There is multifocal lysis of 
leukocytes within the center of some 
pyogranulomas. Similar inflammatory cells, 
accompanied by lymphocytes, plasma cells 
and scattered eosinophils and mast cells, fill 
the space between nodules, leaving little 
more than small islands of remnant adipose. 
Within pyogranulomas and within the cyto- 
plasm of scattered multinucleated giant cells 
are low to moderate numbers of fungal ele- 
ments. Round to ovoid yeast-like structures 
ranging in diameter from approximately 5 

 

Figure 2-2. Haired skin, hedgehog. There is an extensive 
focus of pyogranulomatous inflammation within the 
deep dermis and subcutis. (HE, 12X) 

 

 
Figure 2-3. Haired skin, hedgehog. The inflammatory 
nodule is composed of innumerable neutrophils, macro- 
phages, lymphocytes, and plasma cells, with numerous 
multinucleated macrophages including some ranging 
up to 60um, enmeshed in strands of collagen. (HE, 
376X) 

µm up to approximately 15 µm in diameter 
which display occasional budding and often 
form tight clusters and knots are most preva- 
lent. Rare elongate cytoplasmic protrusions 
are present and some yeast-like structures 
have thick, refractile capsules with an inter- 
nal granular appearance. Chains of round or 
more elongate yeast-like structures, each in- 
dividual unit separated from the next by sep- 
tation with a waist-like indentation, are also 
present, as are branching true hyphae. A 
dense fibrous capsule which contains rela- 
tively few lymphocytes and plasma cells 
multifocally separates the inflammation from 
the surrounding tissue. In some areas, in- 
flammation extends into the superficial der- 
mis, where higher numbers of eosinophils 
and mast cells are present. Clear space 
(edema), pale basophilic granular material 
and/or inflammatory cells expand lymphatic 
vessels throughout the dermis. Endothelial 
cells lining vessels in areas of inflammation 
are enlarged with prominent nuclei with open 
chromatin. Degeneration, necrosis and re- 
generation are present in the inflamed skele- 
tal muscle deep to the dermis. The overlying 
epidermis exhibits mild orthokeratotic hyper- 
keratosis and there are scattered aggregates 
of yeast within the keratin (approximately 3 
µm diameter). 
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Contributor’s Morphologic Diagnoses: 
Skin, axillary: Cellulitis, dermatitis, pyogran- 
ulomatous to mixed, chronic, locally exten- 
sive, marked, with intralesional and intracor- 
neal fungal elements. 
Skin, axillary: Hyperkeratosis, or- 
thokeratotic, chronic, diffuse, mild, with in- 
tracorneal yeast 

 
Contributor’s Comment: 
Systemic fungal infection identified in this 
four-toed hedgehog (Atelerix albiventris) 
was most severe in the left axillary subcutis, 
where a large inflammatory mass was pre- 
sent, but also involved the lungs and multiple 
lymph nodes. Histology of the lungs and 
lymph nodes was similar to that described in 
the axillary region, with the additional find- 
ings of bronchiolitis and vasculitis in the 
lung, and vasculitis and rare intralesional 
bacteria (gram-negative bacilli) in the lymph 
nodes. Fungi within lesions were largely 
round to ovoid yeast-like forms of varying 
size, with occasional thick capsules and inter- 
nal granularity, and multifocally forming 
chains. The appearance was somewhat rem- 
iniscent of Blastomyces species. Branching 
hyphae and chains of more elongate struc- 
tures, representing abnormal arthroconidia- 
tion or pseudohyphae were also present, as 
were rare elongate structures similar to germ 
tubes. PAS and GMS staining markedly en- 
hanced visualization of fungi. Pan-fungal 
PCR utilizing primers targeting the ITS2 re- 
gion amplified two separate and discrete 
bands, both of which were sequenced and 
were consistent with Trichophyton erinacei 
and Malassezia restricta, respectively; T. er- 
inacei was suspected to be the primary etiol- 
ogy. 

 
Trichophyton erinacei, formerly T. men- 
tagrophytes var. erinacei and of the T. ben- 
hamiae complex, is a common isolate from 
hedgehog skin, with both clinical disease and 
subclinical carrier states being identified in 

 

 
Figure 2-4. Haired skin, hedgehog.   Macrophages  and 
multinucleated  cells  often  contain  phagocytized 8-14 
μm yeasts (arrows). A pseudohypha or germ tube is pre- 
sent adjacent to the yeast at left. (HE, 576X) 

free-ranging and pet European (Erinaceus 
europaeus) and four-toed hedgehogs.1 In one 
study investigating dermatophytosis in Euro- 
pean hedgehogs at a wildlife center in France, 
over 79% of the T. erinacei culture-positive 
animals were asymptomatic and overall 20% 
of animals without skin disease were culture 
positive for T. erinacei.7 When present, dis- 
ease associated with T. erinacei in hedgehogs 
presents with scaling, crusting and alopecia, 
including loss of spines; the head is often the 
focus of infection.1,2,7 While the histologic 
appearance of dermatophytosis in hedgehogs 
is not well described, it is expected to consist 
of fungal hyphae limited to the keratin layers 
and the hair/spine shafts, with mild inflam- 
mation and proliferative changes to include 
epidermal hyperplasia and hyperkeratosis, as 
described in other species.5,9 In addition to 
the large axillary inflammatory mass, this pa- 
tient had a focal area of fungal dermatitis on 
the foot which was reddened grossly (no flak- 
ing or crusting) and histologically exhibited 
orthokeratotic hyperkeratosis with intracor- 
neal hyphae. This was interpreted as a poten- 
tial second, more typical, area of T. erinacei 
dermatomycosis, although fungal identifica- 
tion was not pursued at this site. 

 
Dermatophytosis is relatively common in 
both domestic animals and humans. It is 
caused by keratinophilic fungi, typically be- 
longing to one of three genera: Trichophyton, 
Epidermophyton and Microsporum.3,9 Der- 
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matophyte species are further classified ac- 
cording to natural history; these categories 
include the zoophilic species which primarily 
infect animals but can be transmitted to hu- 
mans, the anthropophilic species which pri- 
marily infect humans, and the geophilic spe- 
cies which are typically found in the soil but 
can also infect animals and humans.3,9 Tri- 
chophyton erinacei is an example of a zoo- 
philic dermatophyte, and one that may be 
considered an emerging pathogen based on 
increases in human and pet infections.2 Der- 
matophytes can be readily transmitted be- 
tween animals and between animals and hu- 
mans via direct contact with infected animals 
or indirect exposure to shed hairs (made brit- 
tle and easily broken by infection) and des- 
quamated keratin containing infective 
spores.9 While normal, intact skin resists in- 
fection, minimal damage to the epidermis can 
predispose to infection.3 As alluded to above, 
the typical presentation consists of superficial 
lesions with fungi restricted to the stratum 
corneum of the epidermis and hair follicles 
and/or the hair shafts themselves. Deep in- 
fection by dermatophytes is rare in humans 
but can be prominent in animals, and includes 
both kerion (solitary inflammatory nodules, 
often with draining tracts) and pseudomy- 
cetoma (subcutaneous inflammatory nod- 
ules). Development of deep infection can re- 
sult from implantation or furunculosis of af- 
fected follicles.9 

Deep and/or systemic/disseminated tri- 
chophytosis in hedgehogs due to T. erinacei 
has not been described. In the sections exam- 
ined from this case, folliculitis was not ob- 
served, nor was there specific evidence of fu- 
runculosis, such as hair or keratin within le- 
sions. The presence of eosinophils, most no- 
tably in the dermis, was suggestive of furun- 
culosis, however, and this remains a possibil- 
ity, especially given the apparent chronicity 
of the case. One of the most interesting fea- 
tures in this case was the fungal morphology. 
Trichophyton species are typically hyphal 
when found superficially5 and morphologic 
forms like those seen in the current case have 
not been described with T. erinacei. How- 
ever, T. rubrosum-associated deep mycoses 
in humans can contain atypical forms of the 
fungus, including Blastomyces-like yeast 
forms as seen here, as well as short, thickened 
hyphal fragments and arthroconidia.8,10,11,12 

Descriptions of atypical dermatophyte mor- 
phology have to date been restricted to im- 
munocompromised patients, in whom deep 
dermatophytoses are typically described, and 
have been limited to T. rubrosum in humans. 
While immune compromise was not con- 
firmed in this hedgehog, marked lymphoid 
depletion in the spleen could indicate some 
degree of underlying immunodeficiency; the 
bone marrow was unremarkable. As in hu- 
mans, superficial dermatophytosis was sus- 
pected to precede the deep infection in this 
hedgehog and more typical fungal hyphae 
were identified within the stratum corneum 
via GMS staining. 

 
Malassezia restricta, identified via PCR, was 
considered an incidental finding. This is a 
yeast that is part of the normal skin flora of 
humans and for which there are no descrip- 
tions of abnormal morphologies, or hyphal 
elements, in tissue. Yeast were present on the 
surface of the skin which may have been re- 
sponsible for the positive PCR result. Con- 
firmation of the fungal species within the 

 
Figure 2-5. Haired skin, hedgehog.  Clusters of 8-14 μm 
yeasts and pseudohyphae are scattered throughout the 
inflammatory nodules (arrows). (HE, 576X) 

 

168



deep lesions would require immunohisto- 
chemistry, in-situ hybridization or other ad- 
vanced diagnostic modalities, none of which 
were pursued in this case. 

 
Additional findings of note in this hedgehog 
included vacuolation in brain and spinal cord, 
predominantly affecting the white matter in 
the latter with more generalized distribution 
in the brain. This was similar to lesions de- 
scribed with “wobbly hedgehog syndrome 
(WHS),” a somewhat common idiopathic 
condition in hedgehogs and WHS could have 
contributed to those signs. This was a 
slightly unusual case in that WHS clinical 
signs are typically insidious in onset, rather 
than the acute onset in the current case, and 
other causes of vacuolation were not ruled 
out. It is possible that this lesion was inci- 
dental and the perceived neurologic signs the 
result of patient weakness and debilitation 
due to systemic fungal disease. There was 
also acute renal tubular degeneration and ne- 
crosis attributed to pulmonary disease and 
tissue hypoxia, and chronic hepatic and bili- 
ary changes suggestive of prior biliary ob- 
struction. 

 
This case highlighted the importance of an- 
cillary testing for fungal disease, including 
culture and/or molecular diagnostics, rather 
than reliance on tissue fungal morphology 
alone. 

 
Contributing Institution: 
Wildlife Conservation Society, Zoological 
Health Program; 

- https://oneworldonehealth.wcs.org 
- www.wcs.org 

 
JPC Diagnosis: 
Haired skin: Dermatitis and cellulitis, 
pyogranulomatous, focally extensive, severe, 
with numerous fungi. 
Haired skin: Hyperkeratosis, orthokeratotic, 
diffuse, mild, with superficial yeast. 

JPC Comment: 
The contributor provides a thorough report of 
Tricophyton erinacei infection in hedgehogs. 
Similar to T. erinacei, hedgehogs have a high 
prevalence of mecC-methicillin resistant S. 
aureus (MRSA), with carriage rates of 60- 
64% in various studies in wild European 
hedgehogs (Europeaus erineaus).4 The mecC 
gene encodes penicillin-binding protein 2c 
(PBP2c) and confers resistance to most beta- 
lactam antibiotics. Most mecC-MRSA infec- 
tions occur in Europe, and it was initially iso- 
lated in bulk milk tanks and human infections 
in Europe.4 Dairy cattle were thought to be 
the reservoir, and it was believed that admin- 
istration of beta-lactam antibiotics selected 
for resistant bacteria.4,6 While recent studies 
confirm that antibiotic exposure has indeed 
selected for mecC-MRSA resistance, a differ- 
ent antibiotic source has been incriminated: 
the cohabitant T. erinacei. 

 
Penicillin-producing dermatophytes and pen- 
icillin-resistant S. aureus were first docu- 
mented in hedgehogs in the 1960s, and it was 
recently demonstrated that T. erinacei from 
wild hedgehogs encodes and expresses the 
same antibiotic-encoding genes as Penicil- 
lium chrysogenum, with some isolates ac- 
tively producing benzylpenicillin.4 A subse- 
quent in vitro study showed that the fungus 
has greater growth inhibition on mecC-de- 
leted MRSA mutants compared to mecC- 

 
Figure 2-6. Haired skin, hedgehog. Yeasts form pseudo- 
hyphae and multidirectional chains. (PAS, 400X) 
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MRSA.6 These results strongly suggest that 
T. erinacei has imposed a selective pressure 
on S. aureus which favors resistance. Fur- 
thermore, phylogenetic studies have indi- 
cated that resistance of many mecC-MRSA 
lineages was acquired prior to the modern use 
of antibiotics. This is supported by the fact 
that T. erinacei isolates from hedgehogs in 
New Zealand have produced the same antibi- 
otic resistance in mecC-MRSA, and these 
hedgehogs were imported from Europe in the 
1800s.6 

 
There is wide diversity but geographic clus- 
tering of mecC-MRSA isolates in hedge- 
hogs.4 Most isolates lack the genetic varia- 
tions required to infect humans and cattle, 
implying that methicillin-resistance did not 
originate in these other species.6 Further- 
more, human and hedgehog isolates within 
the same geographic region have similar pat- 
terns of genetic variation.6 Coupling these 
facts with the high prevalence of mecC- 
MRSA in hedgehogs, researchers have con- 
cluded that hedgehogs are the natural reser- 
voir for mecC-MRSA, and, for this strain, an- 
tibiotic resistance developed due to selective 
pressure from T. erinacei and predates medi- 
cal use of antibiotics.6 
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CASE III: 
 

Signalment: 
5-year-old spayed female European Shorthair 
cat (Felis catus) 

 
History: 
The cat had a chronic history of diffuse exfo- 
liative dermatitis with multifocal alopecia, in 
particular in the region of head, trunk and 
limbs with scaling, hair casts, flakes, easy de- 
tachable hairs and moderate itching. 

 
Based on clinical history the main differential 
diagnoses were: demodicosis, dermato-phy- 
tosis, exfoliative dermatitis (thymoma asso- 
ciated or not), and sebaceous adenitis. 

Gross Pathology: 
Four skin biopsies (8 mm punch and surgical 
scissors excision) were performed at the level 
of the neck (right side), costate, right thigh. 

 
Laboratory Results: 
Microbiology: negative. 
Deep skin scraping: negative. 
PAS stain: negative. 

 
Microscopic Description: 
Haired skin. Haired skin is affected by a mod- 
erate inflammatory change involving hair fol- 
licles and obscuring sebaceous glands. Fol- 
licular walls are transmurally infiltrated, 
mainly in the region of isthmus and extending 
to the other portions, by a high number of 
lymphocytes and a lower number of macro- 
phages and rare neutrophils. Keratinocytes of 
the outer root sheath frequently have  vacuo- 

lated  cytoplasm 
and rarely   are 
shrunk-en,    hy- 

pereosinophilic 
with pyknotic nu- 
clei (apoptosis). In 
the  superficial 
dermis   a   mild 
perivascular to in- 
terstitial   inflam- 
matory   infiltrate 
composed,  in  a 
similar amount, of 
mast cells, lym- 
phocytes, plasma 
cells and eosino- 

phils is present as- 
sociated     with 
scant   interstitial 
edema. 

 
 
 
 

Figure 3-1. Presentation, cat. “Lola” has patchy alopecia, especially on the head and flank.on the 
head and flank. (Photo courtesy of: San Marco Veterinary Clinic and Laboratory, Pathology 
division, Viale dell'Industria 3, 35030, Veggiano (PD), Italy, https://www.clinicaveterinari- 
asanmarco.it/)) 
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Figure 3-2. Presentation, cat. Hairs are easily detached, and there is skin flaking and 
hair casts. (Photo courtesy of: San Marco Veterinary Clinic and Laboratory, Pathology 
division, Viale dell'Industria 3, 35030, Veggiano (PD), Italy, https://www.clinicaveteri- 
nariasanmarco.it/)) 

recessive gene with varia- 
ble expression. Hypothe- 
sis made for its pathogen- 
esis include a cornifica- 
tion disorder, a cell-medi- 
ated destruction of seba- 
ceous glands, an anatomic 
defect in sebaceous glands 
leading to lipid leakage 
and a foreign body re- 
sponse, and a metabolic 
defect in lipid metabolism 
leading to a cornification 
abnor-mality and seba- 
ceous gland destruc- 
tion.1,3,6 

 
Histology of canine seba- 
ceous adenitis varies de- 
pending on the duration of 
disease and the breed af- 
fected. In the early stages 
histological lesions are 
characterized by a granu- 
lomatous to pyo-granu- 
lomatous inflammation 
targeting the sebaceous 

Contributor’s Morphologic Diagnoses: 
Haired skin: 
-moderate chronic lymphocytic mural follic- 
ulitis with loss of sebaceous glands 
-mild perivascular to interstitial superficial 
dermatitis lymphoplasmacytic, with mast 
cells and eosinophils 

 
Contributor’s Comment: 
Histopathological findings are consistent 
with a sebaceous adenitis associated with 
mural folliculitis. Sebaceous adenitis is an 
uncommon disease in dogs and rabbits and 
extremely rare in cats. 

 
Sebaceous adenitis in dogs, although it has 
idiopathic origin, in standard poodles and 
akitas can be inherited through an autosomal 

glands while, in the chronic stage, which are 
more frequently submitted to laboratories, 
appears in an almost total loss of sebaceous 
glands. Severe epidermal orthokeratotic hy- 
perkeratosis and follicular keratosis are in- 
variably present. In Standard Poodles, the 
late stage of disease may be characterized by 
follicular atrophy and an absence of seba- 
ceous glands, while in Vizslas inflammation 

 

Figure 3-3. Haired skin, cat. Two sections of haired skin 
are submitted for examination. (HE, 14X) 
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Figure 3-4. Haired skin, cat. Each follicle is infiltrated by 
numerous lymphocytes. (HE, 108X) 

 
is more consistently prominent at all stages of 
the disease and the main 
differential diagnosis, in this case, is leish- 
maniasis.1,3 

 
In rabbits, in addition to what is described in 
dogs, an interface dermatitis and an interface 
folliculitis are often present, suggesting that 
sebaceous adenitis may be only one aspect of 
a more generalized disorder.10 

 
In cats, it is rarely described and it occurs as 
a chronic progressive disease with non-itchy 
scaling, crusting, alopecia and skin depig- 
mentation in regions of the face, cervical and 
trunk which are the same features found in 
the case described except for pruritus. The 
latter has been described to be related to sec- 
ondary infections and/or Malassezia spp. 
overgrowth.2,4,6 

 
In our case, the definitive diagnosis was es- 
tablished histologically. The main lesions 
were the loss of sebaceous glands and a mural 
folliculitis, prominent in the isthmic region. 
The former is frequently described in seba- 
ceous adenitis in different species; the latter 
is a reaction pattern of cats that has been as- 
sociated with several diseases, included seba- 
ceous adenitis but also with allergic dermato- 
ses.7 In this case, once dermatophytosis and 
demodicosis were excluded with special 
stains, negative cultures and deep skin scrap- 
ing, histological lesions associated with clin- 
ical presentation led to the diagnosis of seba- 

ceous adenitis with mural folliculitis. Treat- 
ments proposed include cyclosporin therapy; 
in one case, topical fatty acid supplementa- 
tion was also reported.2,4 Our case improved 
quickly with a cyclosporin therapy. 

 
Contributing Institution: 
San Marco Veterinary Clinic and Laboratory 
Pathology division 
Viale dell'Industria 3, 35030 
Veggiano (PD), Italy 
https://www.clinicaveterinariasanmarco.it/ 

 
JPC Diagnosis: 
1. Haired skin: Sebaceous adenitis, lympho- 
cytic, diffuse, marked with sebaceous gland 
loss and multifocal mural folliculitis. 
2. Haired skin: Dermatitis, mastocytic and 
eosinophilic, superficial and perivascular, 
mild. 

 
JPC Comment: 
One hallmark gross lesion of sebaceous ade- 
nitis is the follicular cast, as demonstrated in 
figure 3-2, which appear grossly as flaky con- 
cretions surrounding the bases of hair shafts, 
though this is less common in short haired 
dogs.9 

 
 
 
 

Figure 3-5. Haired skin, cat. Lymphocytes efface seba- 
ceous glands and infiltrate the outer root sheath of the 
follicular infundibulum. (HE, 357X) 
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As the contributor mentioned, a main gross 
differential in this cat is exfoliative dermati- 
tis. Histologically, the mural folliculitis of 
exfoliative dermatitis is focused on the infun- 
dibulum and isthmus and is frequently ac- 
companied by secondary sebaceous adenitis 
or absence of sebaceous glands, which may 
mimic sebaceous adenitis.9 Exfoliative der- 
matitis can be differentiated, however, by its 
variable lymphocytic interface dermatitis 
with hydropic degeneration of basal keratino- 
cytes, suprabasilar keratinocyte apoptosis, 
and orthokeratotic hyperkeratosis.9 

 
Standard poodles are predisposed to a seba- 
ceous adenitis, in addition to a few other au- 
toimmune diseases, including primary hy- 
poadrenocorticism. This high incidence of 
these two diseases have been linked to an ar- 
tificial genetic bottleneck which occurred in 
the mid 20th century resulting from the closed 
breed registry and intensive breeding of a 
handful of show-winning dogs, including Sir 
Gay, Wycliffe Jacqueline, Bel Tor, Carillon, 
and a few other dogs with equally grandiose 
names. 5 A study of pedigrees and DLA 
(MHC) markers in standard poodles from the 
US, Canada, and Europe showed that this 
mid-century bottleneck decreased genetic di- 
versity within 70% of the standard poodle 
population and concentrated the genetic pol- 
ymorphisms underlying sebaceous adenitis 

and primary adrenocorticism. 5 Geneticists 
recommend careful mate selection based on 
pedigree and genetic testing to improve the 
diversity within the breed and decrease inci- 
dence of disease within this breed.5 As there 
is no currently available DNA test for seba- 
ceous adenitis, the Orthopedic Foundation 
for Animals (OFA) recommends histologic 
evaluation of biopsies every 1 to 2 years in 
breeding animals greater than 12 months of 
age to assist in removing affected animals 
from the breeding population.8 
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CASE IV: 

 
Signalment: 
4-year-old, intact male, mix breed canine 
(Canis lupus familiaris) 

 
History: 
A 4-year-old, intact male, medium-sized 
(~15 Kg of body weight), mix breed dog was 
presented to the veterinary clinic with multi- 
ple (5) skin nodules in the right knee, thoracic 
region, dorsal aspect of the nose, and right 
and left thoracic limbs. In the initial clinical 
examination, the dog was normothermic, 
bright, alert and responsive, had good body 
condition and muscle tone, adequate hydra- 
tion state, normal capillary refill time, and ad- 
equate coloration of the mucous membranes. 

 

 
Figure 4-1. Pawpad and haired skin, dog. A single sec- 
tion of pad and adjacent haired skin is submitted for ex- 
amination. The fat pad and eccrine glands of the pad is 
effaced by coalescing poorly formed granulomas. (HE, 
5X) 

The dog was treated empirically and unsuc- 
cessfully with enrofloxacin and prednisone. 
After one month of treatment, the animal was 
presented again to the clinic with vomiting, 
diarrhea, and partial loss of vision. The larger 
mass, located in the left thoracic limb, was 
surgically biopsied for histologic examina- 
tion. 

 
Gross Pathology: 
A firm, raised skin nodule covered by ulcer- 
ated and alopecic epidermis. 

 
Laboratory Results: 
No laboratory results reported. 

 
Microscopic Description: 
Haired skin. Diffusely expanding the dermis 
and subcutaneous tissue and elevating the 
overlying epidermis, there is a dense inflam- 
matory cellular infiltrate composed predomi- 
nantly of activated and epithelioid macro- 
phages, occasional multinucleated giant 
cells, lymphocytes, plasma cells, and fewer 
neutrophils. Admixed with the inflammatory 
cells, there are numerous extracellular and in- 
trahistiocytic microorganisms and pyknotic 
and karyorrhectic cellular debris (necrosis). 
Microorganisms (algae) are mildly pleo- 
morphic, mostly spherical to ovoid, and 
range between 4 and 17 μm in diameter, with 
a 2 to 4 μm, often surrounded by a clear halo. 
Algal cells contain granular flocculent am- 
phophilic material and a distinctly basophilic 
nucleus. Some algal cells present internal 
septation with daughter cells (endosporula- 
tion). The overlying epidermis is extensively 
ulcerated or lost, and the superficial dermis 
covered by extravasated fibrin and necrotic 
cellular debris, there is extensive fibrosis 
with perpendicularly-oriented blood vessels 
lined by plumped epithelium (neovasculari- 
zation/granulation tissue), scattered fibrin 
thrombi in small-caliber superficial venules 
and microhemorrhage. 
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Figure 4-2. Pawpad and haired skin, dog. Poorly formed granulomas efface the pawpad adipose tissue. Eccrine glands are 
present at lower right. (HE, 126X) 

Algal cells are highlighted by GMS stain and 
PAS reaction. 

 
Contributor’s Morphologic Diagnoses: 
Haired skin: severe granulomatous and ulcer- 
ative dermatitis/panniculitis, with multinu- 
cleate giant cells and myriads of intrahistio- 
cytic and extracellular algal microorganisms 
morphologically resembling Prototheca spp., 
Canis lupus familiaris. 

 
Contributor’s Comment: 
Differential diagnoses on clinical grounds in 
this case included multifocal/multicentric ne- 
oplasia with cutaneous involvement, and 
granulomatous/pyogranulomatous dermati- 
tis/panniculitis caused by infectious agents, 
mostly bacterial or fungal infections. The mi- 
croscopic examination of the biopsy with HE, 
GMS and PAS stains revealed severe granu- 
lomatous dermatitis with intralesional algae 
morphologically consistent with Prototheca 
spp. as depicted in the submitted slides. 
Additionally, as part of the diagnostic inves- 
tigation, formalin-fixed paraffin-embedded 
skin was processed for molecular identifica- 

tion of Prototheca spp. at the Centers for Dis- 
ease Control and Prevention (CDC) in At- 
lanta, Georgia. For molecular confirmation 
and speciation, a polymerase chain reaction- 
restriction fragments length polymorphism 
(PCR-RFLP) was performed as previously 
described.14 The agent was identified as P. 
zopfii genotype 1. 

 
Thus, the diagnostic investigation in this case 
allowed for unequivocal confirmation of P. 
zopfii genotype 1 infection in a dog, by a 
combination of morphological and molecular 
methods. 

 
Protothecosis is a rare disease caused by en- 
vironmental algae of the genus Prototheca, 
saprophytes of worldwide distribution that 
can infect mammals, and result in either lo- 
calized or systemic, life-threatening disease, 
particularly in immunocompromised individ- 
uals.15,21 Prototheca spp. is a non-photosyn- 
thetic, achlorophyllic (colorless), aerobic 
alga in the family Chlorellaceae. Seven Pro- 
totheca species have been described to date,11 

of these P. zopfii and P. wickerhamii have 
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been more commonly implicated in patho- 
genic infections in humans and animals,21,2,16 

while the novel species P. miyajii was iso- 
lated recently from a human patient with sys- 
temic protothecosis.11 Within P. zopfii spe- 
cies, two different genotypes (1 and 2) are 
currently recognized; genotype 2 is the most 
commonly involved in different clinical 
forms.2,13 

 
Prototheca spp. have been associated with 
various syndromes in different species. The 
most commonly recognized forms of human 
protothecosis are disseminated, cutaneous, 
and olecranon bursitis.12 In cattle, mastitis is 
the more common manifestation,13 while rhi- 
nitis and sinusitis have been described in 
horses.18 In dogs, protothecosis is usually as- 
sociated with colitis and/or disseminated dis- 
ease, sometimes with ocular,19 or central 
nervous system involvement.3,10 The infec- 
tion restricted only to the skin is rare in this 
species,5 although it appears to be the most 
common form in the cat.7 The cutaneous 
form in the dog is usually associated with P. 
wickerhamii infection,21,16,4 although it has 

recently been described in a case of P. zopfii 
genotype 2 infection.2 The case presented 
here represents the first documentation of P. 
zopfii genotype 1 infection in a dog.20 

 
The pathogenesis of protothecosis in dogs is 
not yet fully elucidated. Ingestion has been 
regarded as the most likely route of transmis- 
sion in most cases of disseminated proto- 
thecosis by P. zopfii;21 however, cutaneous 
entrance through skin trauma or penetration 
through mucosal surfaces have also been 
documented.15,21,3,10 

 
Reports on genotypic characterization of P. 
zopfii strains infecting dogs in South America 
were limited to one description of the geno- 
type 2 in Brazil,17 which had also been impli- 
cated in cases of bovine mastitis in this coun- 
try.14 This genotype has also been detected in 
diseased dogs in Italy,2 and the USA.9 A large 
epidemiological, phenotypic and molecular 
analysis of 350 clinical Prototheca isolates, 
including 342 bovine strains from around the 
world, 6 canine strains (3 from Germany, 2 
from Brazil and 1 from USA) and 2 human 

 
 

 
Figure 4-3. Pawpad and haired skin, dog. Numerous algae, including endosporulating forms and empty cell walls are phago- 
cytized by epithelioid macrophages and multinucleated giant cells. (HE, 400X) 
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Figure 4-4. Pawpad and haired skin, dog. There is granulation tissue and fibrosis subjacent to the ulcerated pad, and algae- 
laden macrophages reach up to the ulcerated surface. (HE, 123X) 

 

strains (1 from Austria and 1 from China), re- 
vealed that 90.6% of the bovine isolates and 
100% canine and human isolates were P. zop- 
fii genotype 2.1 P. zopfii genotype 1 was only 
found in 2 (0.5%) of the 342 bovine isolates, 
both from Germany.1 Despite this overall low 
frequency of detection in clinical cases, P. 
zopfii genotype 1 has recently been linked to 
human protothecosis,6 which opposes to pre- 
vious knowledge that considered this geno- 
type as non-pathogenic.8 

 
Contributing Institution: 
Plataforma de Investigación en Salud Ani- 
mal, Instituto Nacional de Investigación 
Agropecuaria (INIA), Uruguay, www.inia.uy 

 
JPC Diagnosis: 
Pawpad and haired skin: Pododermatitis, ul- 
cerative and granulomatous, focally exten- 
sive, severe, with numerous intrahistiocytic 
and extracellular algae. 

 
JPC Comment: 
Since this case was submitted in 2018, Pro- 
totheca taxonomy has expanded to include 15 

species, 6 of which are known to cause dis- 
ease in humans or animals.12 Additionally, 
Prototheca zopfii genotypes 1 and 2 have 
been established as their own species: P. 
ciferrii and P. bovis, respectively.12 

 
In addition to the species described above, P. 
wickerhamii can infect the nose and face of 
goats causing proliferative and ulcerative 
nodules of pyogranulomatous inflammation 
admixed with sporangia which may extend 
into the nose or underlying bone.19 Dissemi- 
nated infection in goats has not been re- 
ported, and it appears sheep are either ex- 
tremely rarely infected or not infected by 
Prototheca.19 

 
In contrast, sheep can be infected by a related 
chlorophyll-containing green algae, Chlo- 
rella.19 Infection may be limited to the liver 
and mesenteric lymph nodes or may be sys- 
temic, and the algae produces characteristic 
green discoloration that persists during for- 
malin fixation but is lost during processing.19 

Chlorella sporangia also contain PAS-posi- 
tive cytoplasmic granules (chloroplasts) that 
Prototheca lacks. Chlorella infection has 
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also been documented in humans, cattle, a 
dromedary camel, and a dog.19 
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WSC 2022-2023 Self-assessment. 
Conference 8 

 

1.  True or false?  Oligodontia-hypotrichosis is primarily seen in bull calves. 
a. True 
b. False 

 
2. Which of the following is not a cause of non-genetic alopecia in calves? 

a. Maternal iodine deficiency 
b. Adenohypophyseal hypoplasia 
c. Maternal Vitamin A deficiency 
d. Transplacental bone pestivirus infection 

 
3.  Trichophyton erinacei is previously a subspecies of which of the following dermatophytes? 

         a.  Trichophyton mentagrophytes 
         b.  Microsporum canis 
         c.  Trichophyton verrucosum 
         d. Microsporum gypseum 

 
4. True or false?  The histologic findings of sebaceous adenitis vary between affected breeds. 

a. True 
b. False 

 
5. Which of the following is the most common form of protothecosis in cattle?? 

a. Mastitis 
b. Olecranon bursitis 
c. Enteritis 
d. Rhinitis 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
11½ -year-old, spayed female, American 
Bulldog, canine (Canis lupus familiaris) 

 
History: 
Two years ago, this canine presented for rou- 
tine examination and recent increased urina- 
tion. Ultrasound confirmed mass-like lesions 
at the trigone and the neck of the urinary 
bladder. The attending veterinarian suspected 
transitional cell carcinoma at the time. The 
owners elected for conservative treatment, so 
the canine was started on nonsteroidal anti- 
inflammatory drugs (NSAIDs), famotidine, 
omeprazole, and gabapentin. 

 
Four months ago, the canine started coughing 
intermittently. Radiographs revealed multi- 
ple chest masses with metastatic pattern and 
osteophytes of the left distal humerus, suspi- 
cious of an early metastatic lesion. 

 
A month later, the canine presented with 
lameness on the right front paw. Radiographs 
revealed periosteal reaction and sclerosis in 
the 2nd metacarpal bone. Not long after, eu- 
thanasia was elected due to pain on the right 
front limb and poor quality of life. 

 
Gross Pathology: 
This is the carcass of a 31 kg spayed over- 
conditioned female canine with no autolysis. 

The lungs have a dozen variable-sized firm 
masses, ranging from 1 cm scattered through- 
out to a large 12x10 cm obliterating 50% of 
the caudal left lobe. The masses are bulging, 
well demarcated and off-white pale to red- 
dish in color. They are distending and replac- 
ing the normal pulmonary parenchyma. The 
mediastinal lymph nodes are enlarged (1 cm 
x 5 cm) and flat in shape. On cut section, 
there are small white nodules (0.3 cm). 

 
The kidneys are within normal limits. The 
urinary bladder mucosa at the level of the 
trigone has a soft, 1 cm thick, off-white, 
fuzzy irregular layer that covers 5 cm around 
the trigone extending into the urethra. The 
fundus of the bladder has three masses up to 
1.5 cm in diameter that are firm, nodular and 
protruding. 

 
 
 

Figure 1-1. Lymph node, dog. A section of lymph node is 
submitted for examination. There is a large neoplasm 
which effaces 50% of the node (left). (HE, 6X) 
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Other lymph nodes, right axillary, mesenteric 
and retroperitoneal, are firm and slightly en- 
larged. 

 
The liver has a diffuse, mild reticular pattern 
with occasional white pale well-demarcated 
foci (up to 0.5 cm). 

 
The free edges of the left atrioventricular 
valve have multiple variable-sized nodules (1 
mm) with a smooth surface. 

 
The second right metacarpal bone has a 3 cm 
in diameter hard mass that extends into the 
proximal phalanx and the distal carpal bone. 
Upon opening the bone, the mass is necrotic 
and extends and effaces the carpal bone. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
Lymph node- mediastinal: There is a well-de- 
marcated unencapsulated expansile nodule 
that effaces the normal follicular lymphoid 
architecture. The nodule is composed of 
fronds of thick undulating ribbons of tightly 
packed neoplastic cells supported by a fine fi- 
brovascular stroma. 

 
Neoplastic epithelial cuboidal to polyhedral 
cells with abundant pale eosinophilic cyto- 
plasm. The cells show moderate anisokaryo- 
sis and anisocytosis with occasional megalo- 
karyosis. There are areas where the cells are 
less compacted and the cytoplasm has varia- 
ble-sized empty vacuoles. Occasionally, the 
large vacuoles displace the nucleus to the pe- 
riphery. Some of the vacuoles occasionally 
contain a homogenous granular material. The 
core of the neoplastic nodule has a large ne- 
crotic area. 

 
There are 20 mitotic figures in 10HPF (40x), 
with a moderate number of aberrant mitotic 
figures. 

 

 
Figure 1-2. Lymph node, dog. There are large areas of 
necrosis within the metastatic neoplasm. (HE 18X) 

 
 

There are small nodules of neoplastic cells in 
the subcapsular sinuses. These nodules are 
present only in some of the sections. 

 
Contributor’s Morphologic Diagnoses: 
Lymph node: metastatic transitional cell car- 
cinoma/urothelial carcinoma 

 
Contributor’s Comment: 
Transitional cell carcinoma (TCC), or urothe- 
lial carcinoma (UC), is a malignant tumor 
that originates in the transitional epithelium 
of the urinary tract. Squamous and glandular 
carcinomas can also occur. The urinary blad- 
der is the most common site of the lesion, but 
it can occur anywhere form the renal pelvis 
to the distal urethra. Within the urinary blad- 
der, TCC is most commonly diagnosed in the 
trigone area. TCC mostly occurs in cats and 
dogs. Bladder neoplasms are rare in horses, 
sheep, goats, and pigs. 

 
Carcinomas in the urinary bladder can be 
classified in broad groups: Urothelial carci- 
noma, squamous cell carcinoma, adenocarci- 
noma, or undifferentiated carcinoma. This is 
based on the predominant cell type or the or- 
ganization of the lesion. Urothelial carcino- 
mas (UC) can be further classified based on 
their patterns of growth as papillary (project 
into the lumen), flat, degree of anaplasia 
(graded on a scale of 1-4), and degree of in- 
filtration (infiltrating or noninfiltrating). 
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Figure 1-3. Lymph node, dog. In some areas of the tu- 
mor, closely-packed tubules lend a “sieve-like” appear- 
ance. (HE, 162X) 

Most TCCs are intermediate to high-grade 
papillary infiltrative tumors. 

 
TCC/UC tend to occur in older dogs (average 
9-11 years). There is an approximate 2:1 ratio 
of female: male for bladder neoplasm but this 
is not always a consistent finding. However, 
neutered dogs seem to be predisposed to 
bladder neoplasms. Some breeds, like Scot- 
tish terriers. Airedales, Shetland sheepdogs, 
West Highland white terriers, fox terriers or 
beagles, have a high risk for TCC/UC than 
other dogs. 

 
Of all the canine cases of TCC/UC, 90% 
demonstrate clinical signs. These signs in- 
clude hematuria, pollakiuria, cystitis or dysu- 
ria. These urinary system clinical signs are 
not unique to neoplasms. Other clinical signs 
that are not related to the urinary system are 
mostly due to metastasis. These can include 
lameness due to bone metastasis or hyper- 
trophic osteopathy, or dyspnea due to pulmo- 
nary metastasis. 

 
Most of the literature suggests that tumors of 
the urinary bladder are less common in cats 
than in dogs. Cats with TCC/UC are usually 
older (6-18 years). Most of the clinical signs 
relate to the lower urinary tract: hematuria, 
stranguria, dysuria, and pollakiuria. Current 
urinary tract infection is present in over 70% 
of the cats with TCC. 

If TCC/UC is suspected, the diagnostic work- 
up should include complete blood count, se- 
rum biochemistry profile, urinalysis, urine 
culture, radiographs (thorax and abdomen), 
and bladder imaging. Urine should be col- 
lected only by free catch or bladder catheter- 
ization. Ultrasound is useful to assess the 
bladder wall thickness but also for viewing 
regional lymph nodes and other abdominal 
organs for metastases. A diagnosis of 
TCC/UC requires histopathologic confirma- 
tion. 

 
It can be difficult to differentiate tumors in 
the prostatic region of male dogs as urothelial 
origin or prostatic origin. About 30% of 
TCC/UCs are in the prostate and in neutered 
dogs it is the most common prostatic tumor. 
This should be carefully considered when de- 
termining the origin of a neoplasia in the 
prostatic region. Factors that favor TCC/UC 
Melamed-Wolinska bodies, UPIII immuno- 
reactivity, CK7 immunoreactivity, desmo- 
plasia, and widespread metastasis. 

 
High grade, invasive TCC/UCs are among 
the most malignant neoplasms and cause 
death via metastasis and cachexia. Upon di- 
agnosis in canine patients, about 20% have 
detectable pulmonary metastases, 15% have 
lymph node metastases, and 6% have lumbar 
or pelvic bone metastases. In addition, squa- 
mous or glandular metaplasia may be im- 
portant in the prediction of metastases. 

 

Figure 1-4. Lymph node, dog. There is multifocal nuclear 
pleomorphism and gigantism scattered throughout the 
tumor. (HE, 284X) 
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Prognosis of dogs with TCC/UC is grave. 
Less than 20% of treated dogs live more than 
one year. 

 
In humans, most of the cancer associated 
death, approximately 90%, are caused by 
metastatic disease rather than primary tumor. 
The effort to further characterize the neo- 
plastic dissemination has expanded the re- 
search in carcinogenesis. First, to understand 
the metastatic dissemination behind this pro- 
cess, a sequence of a multi-step process of in- 
vasion is proposed: the metastatic cascade: 1) 
epithelial primary neoplastic cell invasion 
into the surrounding stroma tissue and extra 
cellular matrix; 2) epithelial cell intravascular 
invasion; 3) neoplastic epithelial cells need to 
survive during circulatory transit. 4) neo- 
plastic cell arrest and extravasation through 
vascular walls and into the parenchyma or 
distant tissue; 5) formation of microneo- 
plastic colonies. Second, in addition to the 
metastatic cascade, the neoplastic cells need 
to be transformed and the concept of epithe- 
lial mesenchymal transition (EMT) has been 
expanded to further characterize carcinogen- 
esis. EMT is a complex biological process 
where the epithelial cells acquire new prop- 
erties to successfully invade tissue. These 
properties include 1) increased motility inva- 
sion and 2) ability to degrade extracellular 
matrix. These EMT properties show at differ- 
ent levels depending on the tissue site and the 
degree of malignancy. EMT is orchestrated 
by different tissue transcription factors start- 
ing with EMT-inducing transcription factors 
(EMT-TFs) such as SNAIL, SLUG, or ZEB1. 
There is still controversial evidence about 
how much these biological process are in- 
volved in metastasis. The other current meta- 
static process is the dormant niche, where 
dormant disseminated tumor cells will reside 
within the site of stem cells and somehow 
will be protected. 

 

 
Figure 1-5. Lymph  node, dog. Neoplastic cells  demon- 
strate   strong   cytoplasmic   immunopositivity   for cy- 
tokeratin. (anti-AE1/AE3, 284X) 

Primary and metastatic tumors of the bladder 
occur in dogs and rarely in cats; several tumor 
types have been reported. Hematuria is a 
common sign. Metastatic bladder neoplasia is 
rare but some of the signs listed below are 

 
due to metastases. It has been associated with 
hypertrophic osteoarthropathy. Systemic 
signs of urinary obstruction are seen if urine 
flow at the trigone is blocked. Tumor cells 
might be present in the urine. Benign polyps 
of the urinary bladder induce clinical, labora- 
tory and radiographic characteristics similar 
to neoplasia of the bladder. 

 
Transitional cell carcinoma (TCC) is the 
most common cancer of the bladder in dogs. 
Tumors most commonly originate in the 
trigone, but they can also occur or extend 
through the urethra. The most common met- 
astatic sites are the iliac and other abdominal 
lymph nodes, liver and lung. Ultrasonogra- 
phy of the abdomen is done to measure the 
size of the tumor and look for metastases 
within the abdomen. When the tumor is ac- 
cessible, surgery is the best option to prolong 
survival for dogs with TCC when followed 
by chemotherapy. Regardless of whether sur- 
gery is possible or not, chemotherapy has 
been shown to alleviate symptoms and pro- 
long survival for many dogs with TCC. 
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Contributing Institution: 
https://www.westernu.edu/veterinary/ 

 
JPC Diagnosis: 
Lymph node: Urothelial carcinoma, meta- 
static. 

 
JPC Comment: 
Recently, a urine assay measuring the 
BRAFV595E mutation was developed that pro- 
vides clinicians with a non-invasive means of 
differentiating cystitis from neoplasia.3,8 The 
BRAF assay has a high sensitivity and sensi- 
tivity for the mutation, which affects approx- 
imately 70% of dogs with urothelial carci- 
noma.3,8 The BRAFV595E mutation in dogs is 
analogous to the BRAFV600E mutation in 
many human cancers. The mutation causes 
constituent activation of the MAPK pathway, 
preventing apoptosis of neoplastic cells and 
increasing invasiveness and metastasis.8 A 
few recent studies found no significant differ- 
ence in survival times in UCs with and with- 
out the BRAFV595E mutation; the mutation 
does, however, make the neoplasm more 
amenable to treatment. Dogs with BRAFV595E 

mutation treated with chemotherapy or both 
chemotherapy and surgery had double or tri- 
ple the survival times, respectively, com- 
pared to dogs treated with NSAID therapy 
alone.5 

 
In dogs, the BRAF mutation has also been as- 
sociated with increased CCL17 expression, 
which is significantly higher than levels in 
healthy dogs or dogs with non-neoplastic uri- 
nary disease.8 This is due to overexpression 
of COX-2 by neoplastic cells, which stimu- 
lates production of PGE-2 and upregulation 
of CCL17. 8 The end effect of CCL17 eleva- 
tion is infiltration of Foxp3+ regulatory T 
cells (T-reg) within and surrounding the neo- 
plasm.8 In many cancers, T-regs are associ- 
ated with a poor prognosis, possibly due to 
inhibition of antitumor immune activity.8 

The overproduction of COX-2 by neoplastic 
cells has made NSAIDs, such as peroxicam, 
one of the main therapeutic agents used to 
prolong UC survival times.4,8 A recent study 
found LOX-5 was similarly overproduced by 
comparing immunohistochemistry scores of 
UC, cystitis, and normal bladder mucosa.4 

These results suggest that NSAIDs with anti- 
LOX-5 activity may provide another target 
for prolonging survival times and should be 
investigated further.4 
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CASE II: 

 
Signalment: 
10 year-old, male, castrated, German wire- 
haired pointer (Canis lupus familiaris) 

 
History: 
During the CT scan of the cervical vertebra, 
a mass in the thyroid was seen 

 
Gross Pathology: 
Excision of a beige-brown egg-shaped tissue 
fragment measuring 3.3 x 2.1 x 1.9 cm. This 

one appears to be encapsulated. In cross sec- 
tion, the fragment has a beige-brown aspect. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
Thyroid gland: There is a predominantly 
solid, locally infiltrative and encapsulated, 
moderately cellular epithelial neoplasm. Fo- 
cally, the neoplastic infiltrate appears to ex- 
tend into the surgical excision margin. The 
majority of the neoplastic cells grow in con- 
tiguous fields, nests and trabeculae and have 
a rounded to polygonal shape with a very sub- 
stantial amount of eosinophilic and finely 
granular cytoplasm with a moderately sized, 
slightly varying rounded nucleus. In addition 
to the neoplastic cell component, varying 
sizes of fields and trabeculae, neoplastic cells 
with no apparent eosinophilia of the cyto- 
plasm with predominantly larger, hypochro- 
matic nuclei are also observed. In some 
places, both cell populations are found in 
close proximity to each other. In several ar- 
eas, the neoplastic infiltrate shows growth 
through the surrounding connective tissue 
capsule with bulging fields of neoplastic cells 
in vascular lumens. In addition, in several 
places in the periphery, incisions of pre-exist- 
ent, inactive thyroid tissue are seen. Mitoses 

 

 
Figure 2-1. Thyroid gland, dog. A section of bisected 
thyroid gland is submitted for examination. The gland 
is markedly enlarged and the architecture is effaced by 
a multilobular neoplasm. (HE, 5X) 
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Figure 2-2. Thyroid gland, dog. The neoplasm is com- 
posed of polygonal cells which are arranged in nests 
and cords. At right, neoplastic cells transition into a sep- 
arate morphology with abundant finely granular eosin- 
ophilic cytoplasm (Hurthle cells). (HE, 363X) 

 

are rare and there is mild anysokaryosis and 
anysocytosis. 

 
Contributor’s Morphologic Diagnoses: 
Thyroid, Hurtle-cell carcinoma 

 
Contributor’s Comment: 
Between 10 and 15% of the neoplasms lo- 
cated in the head and neck in dogs are origi- 
nating from the thyroid.3 Those neoplasms 
can be unilateral (most frequent) or bilateral 
and are often palpable near the larynx as a 
firm or soft mass.8,10 Most thyroid carcino- 
mas are nonfunctional.8 Thyroid carcinoma is 
the most common and most frequently diag- 
nosed15 endocrine malignancy in dogs8 repre- 
senting 19% of thyroid tumors with up to 
38% of metastasis, most of them are already 
present by the time of diagnosis.15 Some 
breeds are thought to be predisposed as Box- 
ers, Beagles, Siberian Huskies and Golden 
retrievers10,15 although in one study mixed 
breeds tend to be more affected.15 The age 
ranges from 9 up to 15 years8,15 without sex 
prevalence.10 

 
Differences between carcinomas and adeno- 
mas are essentially based on the size of the 
neoplasm, adenoma being usually smaller. 
Thyroid carcinomas are fixed due to local in- 
vasion, whereas thyroid adenomas are subcu- 
taneously freely movable.10 Carcinomas are 
usually multinodular and often show central 

necrosis and hemorrhages.15 Early carcino- 
mas tend to be well demarcated and later car- 
cinomas lead to vascular invasion in 45% of 
the cases8, essentially into the branches of the 
cranial and caudal thyroid veins forming 
large tumor cell thrombi10 and resulting in an 
impossible surgical resection.8 Dogs and hu- 
mans show similarities in the spontaneous 
development of thyroid carcinoma with me- 
tastases to the lungs although the incidence of 
metastases in dogs is higher by the time of the 
diagnosis.8 Risks of metastasis are likely to 
increase with the size of the neoplasm.8 Pul- 
monary metastases will often precede retro- 
pharyngeal and caudal cervical lymph nodes 
involvement.8 

 
Thyroid tumors, in dogs, are classified ac- 
cording to the World Health Organization 
(WHO) based on the morphological fea- 
tures.7,15 Thyroid tumors can arise from ei- 
ther thyroid follicular cells or thyroid C-cells 
(parafollicular cells, chief cells). The latter 
cell type is considered to represent less than 
5% of thyroid neoplasms in dogs.8 

 
Thyroid follicular cell carcinomas are subdi- 
vided in different subtypes: 
-- cells are forming follicular structures con- 
sisting of cubic or columnar epithelial with or 
without colloid3,7, the so-called compact cel- 
lular (solid) showing cells with centrally lo- 
calized nuclei and pale eosinophilic and gran- 
ular cytoplasm. 

 
 

Figure 2-3. Thyroid gland, dog. Some lobules of the ne- 
oplasm are completely composed of Hurthle cells. (HE, 
381X) 
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-- the presence of both follicular and solid ar- 
eas refers to follicular-compact cellular carci- 
noma.3,7 

-- papillary structures made of multiple lines 
of cubic cells extending into cystic spaces 
surrounded by fibrovascular stroma are so 
called papillary carcinoma.3,7 

 
Follicular thyroid carcinoma can be also clas- 
sified as well-differentiated, poorly differen- 
tiated, undifferentiated or carcinosarcoma.3 

 
In the dog, tumors with granular cytoplasm 
staining brightly eosinophilic with hematox- 
ylin and eosin (HE) include granular cell tu- 
mors, rhabdoid tumors, neuroendocrine tu- 
mors, and oncocytomas. Oncocytomas are 
rare, usually benign, tumors composed of on- 
cocytes. Oncocytes2 also called Hurthle cells 
or oxyphilic cells, are large, polygonal cells 
originating from metaplastic transformation 
of mature glandular or non-glandular cells. 
The high number of mitochondria present 
give the appearance of the abundant eosino- 
philic cytoplasm. Additionally, the cells com- 
posing the neoplasm can show a granular eo- 
sinophilic cytoplasm will refer to the Hurthle 
cell tumor and are rarely seen in dogs.7 In the 
dog, oncocytomas have been reported origi- 
nally in the larynx but also in the thyroid 
gland and in the kidney. Specific immuno- 
histochemical markers are helpful in making 
a differential diagnosis. Oncocytomas specif- 
ically express cytokeratin. Additionally gran- 
ular cell tumors are positive for vimentin and 
are negative for epithelial cell markers.2 

 

Figure 2-4. Thyroid gland, dog. Neoplastic cells invade 
the surrounding capsule. (HE, 361X) 

 

 
Figure 2-5. Thyroid gland, dog. Neoplastic cells demon- 
strate moderate nuclear positivity for thyroid transcrip- 
tion factor -1. (anti-TTF-1, 400X) 

 
 

This is a phenomenon of metaplasia that oc- 
curs in inflammatory disorders, such as thy- 
roiditis, or other situations that result in cel- 
lular stress. The proliferation of oncocytes 
gives rise to hyperplastic and neoplastic nod- 
ules. Oncocytic cells in the thyroid are often 
called “Hürthle” cells; however, this is a mis- 
representation because they were initially de- 
scribed by Askenazy, and the cells that 
Hürthle described were in fact C cells.1 

 
Numerous studies indicated that the criteria 
that apply to follicular tumours of the thyroid 
also distinguish malignant from benign 
Hürthle cell lesions. These included capsular 
and vascular invasion.1 

 
To differentiate follicular cell carcinoma 
from C-cell carcinoma immunohistochemis- 
try (IHC) might be necessary. In general, C- 
cell thyroid carcinomas exhibit strong immu- 
noreactivity to calcitonin, calcitonin gene-re- 
lated peptide (CGRP), and napsin A or mark- 
ers of neuroendocrine tissue (Hassan, Cam- 
pos). While follicular cell thyroid carcinomas 
show positivity for thyroglobulin, Pax8, and 
thyroid transcription factor (TTF-1 or 
NKX2). With the Papanicolau stain, the cy- 
toplasm may be orange, green, or blue. By 
electron microscopy, the cytoplasmic granu- 
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Figure 2-6. Thyroid gland, dog. Neoplastic cells demon- 
strate moderate nuclear positivity for PAX-8. (anti-PAX- 
8, 400X) 

larity is produced by large mitochondria fill- 
ing the cell, consistent with oncocytic trans- 
formation.1 

 
The metastatic rate of thyroid carcinoma in 
dogs is highly related to the volume of the tu- 
mor (>20 cm3), bilateral and cervical vascular 
invasion3. More recently other factors the 
presence of estradiol in cells expressing es- 
trogen receptors15 and to a greater protein ex- 
pression of factors related to proliferation and 
angiogenesis (TTF-1, PCNA and VEGF).13 

 
Thyroid cancers in dogs can either be inher- 
ited or spontaneous. In some breeds as the 
Dutch German longhaired pointers, two del- 
eterious recessive mutations in the TPO gene 
have been highly associated with the familial 
follicular cell carcinoma16. Other studies sug- 
gest that overexpression of VEGFR-1, 
VEGFR2, PDPK-1, AKT1, and AKT2 in ca- 
nine follicular thyroid carcinoma and 
VEGFR-1, EGFR, and PIK3CA in canine 
medullary thyroid carcinoma suggests that 
the PI3K/Akt signaling pathway is activated 
and increased in the pathogenesis of thyroid 
cancer in dogs for both follicular thyroid car- 
cinoma and medullary thyroid carcinoma. 
Missense mutations in K-RAS were occa- 
sionally identified in a follicular thyroid car- 
cinoma and a medullary thyroid carcinoma 

which are likely to be relevant for thyroid 
gland tumorigenesis.4 

 
In cats, thyroid carcinomas tend to be rare 
and occur much less frequently than adeno- 
mas or multinodular hyperplasia10. Metasta- 
ses to regional lymph nodes and distant sites, 
unlike in dogs, are rarely reported in cats.8 

 
Contributing Institution: 
Informatie voor dierenartsen - Veterinair 
Pathologisch Diagnostisch Centrum - 
Universiteit Utrecht (uu.nl) 

 
JPC Diagnosis: 
Thyroid gland: Hurthle cell tumor. 

 
JPC Comment: 
The contributor provides a thorough review 
of thyroid neoplasia and a slightly more neb- 
ulous entity – the oncocytoma. The unique 
dual morphology of neoplastic cells drove 
spirited discussion amongst conference par- 
ticipants, with some initially considering the 
possibility of a collision tumor or parathyroid 
origin. A collision tumor was ruled out by the 
areas of gradual transition between the two 
morphologies and the lack of a capsule sepa- 
rating them. 

 
This week’s moderator, Dr. Donald Meuten, 
explained the criteria for lymphovascular in- 
vasion in the Veterinary Cancer Guidelines 
and Protocols reference guide: (1) intravascu- 
lar tumor with a thrombus adhered, (2) neo- 
plastic cells invading the wall and endothe- 
lium, (3) neoplastic cells surrounded by en- 
dothelium, and (4) neoplastic cells in a vessel 
confirmed by vascular immunohistochemis- 
trical stains, with the first two criteria sup- 
ported by more firm evidence in the litera- 
ture. Traditionally, infiltration and capsular 
invasion have also been considered criteria of 
malignancy in thyroid follicular neoplasms. 
In this case, the moderator and conference 
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participants did not favor a diagnosis of ma- 
lignancy and opted to diagnose a tumor in- 
stead of a carcinoma. 

 
As the contributor mentions, in the dog, on- 
cocytomas have been reported in the larynx, 
thyroid, and kidney, and are most commonly 
found in the salivary gland.12 In cats, oncocy- 
tomas have been found in the salivary glands 
and periocular tissues.5 Additionally, there 
are rare reports in the nasopharynx and cho- 
roid plexus.5,6,17 

 
Histologically, the main differential diagno- 
ses for oncocytomas are granular cell tumors 
and rhabdomyomas. Granular cell tumors 
have been documented in the oral cavity, 
lung, pharynx, and brain, and are generally 
benign.11 Cytoplasmic granules in both onco- 
cytomas and granular cell tumors are PAS 
positive; however, electron microscopy re- 
veals them to be different structures; mito- 
chondria in the former, and probably second- 
ary lysosomes in the latter.11 Differentiation 
of rhabdomyomas may require immunohisto- 
chemical staining to confirm muscle origin.11 

Another differential diagnosis in the kidney 
is a chromophobe renal cell carcinoma.11 

This rare neoplasm is believed to originate 
from the intercalated cells of the collecting 
ducts; is negative for pancytokeratin and 
PAS; and is positive for vimentin, colloidal 
iron, and CD117.12 
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CASE III: 

 
Signalment: 
10-year-old, female, Shiba dog, Canis lupus 
familiaris. 

 
History: 
In echo examination at regular checkup, en- 
larged gall bladder and extrahepatic bile duct 

enlargement was found. Computed tomogra- 
phy revealed a 1cm-sized mass proximal to 
the common bile duct. The mass was surgi- 
cally removed by blunt dissection. 

 
Gross Pathology: 
The rounded mass had about 1 cm in diame- 
ter, well defined, with a firm consistency and 
a red brown color. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
A tumor formed beneath the luminal epithe- 
lium of the common bile duct. Tumor cells 
formed continuously from small diverticula 
and invaginations of the mucosa beneath lu- 
minal epithelium of the common bile duct. A 
partial demarcated, encapsulated, and infil 
trative tumor composed of nests, cords, aci- 
nar, and trabecular of epithelial cells sup- 
ported by fibrovascular stroma. The tumor 
cells were polygonal, round to small spindle 
with distinct cell borders. Cells have moder- 
ate amounts of a finely granular, lightly eo- 
sinophilic cytoplasm, and round to oval, bas- 
ilar nuclei with finely stippled chromatin and 
one small nucleolus. Mitoses were rare (2 per 
10 HPF, 400X magnification). There was 
vascular invasion, but no evidence of necro- 
sis. 

 

 
Figure 3-1. Extrahepatic bile duct, dog. One section of 
a nodular mass arising from an extrahepatic bile duct is 
submitted for examination. (HE, 6X) 
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Figure 3-2. Extrahepatic bile duct, dog. The neoplasm 
arises from the mucosa of the bile duct and effaces the 
wall. (HE, 40X) (Photo courtesy of: S Laboratory of Pa- 
thology Faculty of Pharmaceutical Sciences, Setsunan 
University, 45-1 Nagaotohge-cho, Hirakata, Osaka, Ja- 
pan) 

 
Immunohistochemical investigation showed 
tumor cells strongly positive for neuroendo- 
crine markers (synaptophysin, Insulinoma- 
associated1(INSM1)) and cytokeratin 

(AE1/AE3, CK19). Chromogranin A was 
negative. 

 
Contributor’s Morphologic Diagnoses: 
Extrahepatic bile duct: Carcinoid (neuroen- 
docrine tumor) 

 
Contributor’s Comment: 
Carcinoid tumors are thought to arise from 
embryonal neural crest cells, or so-called ar- 
gentaffin cells (Kulchitsky cells), which mi- 
grate to sites within the respiratory and gas- 
trointestinal tracts during neonatal develop- 
ment. Most cases of neuroendocrine tumors 
have been reported in the gastrointestinal 
tract, the respiratory tract, liver, pancreas, 
and central or peripheral nervous system. It 
has also been confirmed to occur in the skin. 
In humans, extrahepatic bile duct carcinoid is 
extremely rare and accounts for 0.1-0.21% of 
all carcinoids of the gastrointestinal tract, 
with most reported cases arising from within 

 
Figure 3-3. Extrahepatic bile duct, dog. Glands within the mucosa are surrounded and separated by nests of neoplastic cells. 
(HE, 40X)   (Photo courtesy of: S Laboratory of Pathology Faculty of Pharmaceutical Sciences, Setsunan  University, 45-1 Na- 
gaotohge-cho, Hirakata, Osaka, Japan) 
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Figure 3-4. Extrahepatic bile duct, dog. High magnifica- 
tion of neoplastic cells. (HE, 40X) (Photo courtesy of: S 
Laboratory of Pathology Faculty of Pharmaceutical Sci- 
ences, Setsunan University, 45-1 Nagaotohge-cho, Hira- 
kata, Osaka, Japan) 

the gallbladder.1,5 In domestic animals, pri- 
mary gallbladder neuroendocrine carcinomas 
of cats, dog, and cow are reported in only a 
few cases.2,6,8 To the best of our knowledge, 
there are no reports of primary extrahepatic 
bile duct carcinoid in dogs. 

 
An important differential diagnosis was chol- 
angiocarcinoma and metastatic tumor. The 
definitive diagnosis of neuroendocrine tumor 
is based on histologic features associated 
with immunohistochemical staining. A rele- 
vant panel including chromogranin A, synap- 
tophysin and NSE is recommended to diag- 
nose hepatic carcinoid.1,5 Recently, INSM1 
was identified as a useful specific marker of 
neuroendocrine differentiation in neuroendo- 
crine neoplasms. The immunoreactivity for 
INSM1 is greater than conventional cytoplas- 
mic NE markers (chromogranin A, synapto- 
physin).1,5 In this case, as INSM1 was 
strongly diffusely positive. Thus, the mor- 
phology of this tumor and the positivity of 
synaptophysin and INSM1 can eliminate 
cholangiocarcinoma. Direct infiltration by 
peripheral organs like liver, pancreas and 
small intestine or metastasis from other or- 
gans was eliminated as a possible diagnosis 
by no adhesion with surrounding organs and 

by the gross and morphologic characteristics 
of the tumor. 

 
The clinicopathologic spectrum of neuroen- 
docrine tumors ranges from the benign car- 
cinoid to the aggressive neuroendocrine car- 
cinoma.1,5 The malignancy of neuroendo- 
crine tumors is based on the following: 1) tu- 
mor size (>2 cm), 2) invasion into adjacent 
tissues, 3) invasion beyond the submucosa 
and into adjacent tissues, 4) presence of ne- 
crosis, 5) overt cell atypia with more than two 
mitotic cells per 10 high-power fields, 6) hor- 
mone expression and loss of chromogen im- 
munoreactivity, and 7) nuclear P53 protein 
accumulation. 1,5 However, biologic behavior 
of neuroendocrine tumor is difficult to pre- 
dict on histological features, since anaplastic 
features and mitotic counts are not reliable to 
determine the malignancy grade. The evi- 
dence of tumor invasion into adjacent tissue 
could reflect criteria of malignancy. So, it is 
recommended to consider these tumors as po- 
tentially malignant. Hepatic carcinoid has 
been described as aggressive tumor associ- 
ated with a common metastatic potential to 
the peritoneum and draining lymph nodes, 
however it is suggested that in case of 
gallbladder carcinoid without evidence of in- 
traperitoneal or distant metastasis, the prog- 
nosis is considered as good after a surgical 
treatment. In this case, carcinoid originated in 

 

Figure 3-5. Extrahepatic bile duct, dog. Neoplastic cells 
demonstrate strong cytoplasmic immunoreactivity for 
cytokeratin. (AE1/AE3, 400X) 
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extrahepatic bile duct has not been reported 
previously in dog, so its biological behavior 
is unknown. 

 
Contributing Institution: 
Laboratory of Pathology, Faculty of Pharma- 
ceutical Sciences, Setsunan University, 
45-1 Nagaotohge-cho, Hirakata, Osaka 573- 
0101, Japan 

 
JPC Diagnosis: 
Bile duct: Neuroendocrine tumor (carcinoid). 

 
JPC Comment: 
Neuroendocrine tumors were first described 
in 1907 by Siegfried Oberndorfer, a 
pathologist at the University of Munich.3 He 
coined the term “Karzinoide Tumor” (car 
cinoid) to describe a special cancer of the gas- 
trointestinal system that was typically benign 
and not related to an adenocarcinoma.3 Sub- 
sequent work throughout the 20th century re- 
vealed the neuroendocrine nature of the cells, 
which were ultimately determined to be ento- 
dermal in origin.3 It is now recognized that 
neuroendocrine tumors, though they may 
have similar immunohistochemical staining 
properties, are diverse in their morphology, 
biologic behavior, and hormone content. 3 

 
A recent study described the features of gall 
bladder neuroendocrine tumors in 13 dogs. 

 

 
Figure 3-6. Extrahepatic bile duct, dog. Neoplastic cells 
demonstrate strong scattered cytoplasmic immunore- 
activity for chromogranin A. (anti-chromagranin A, 
400X) 

 

 
Figure 3-7. Extrahepatic bile duct, dog. Neoplastic cells 
demonstrate strong scattered cytoplasmic immunore- 
activity for INSM-1. (anti-INSM-1400X) 

 

Brachycephalic breeds, particularly the Bos- 
ton terrier, were overrepresented, and the 
most common presenting complaint was 
vomiting.7 Six of the animals had evidence of 
metastasis to the liver, with two others metas- 
tasizing to the lung and one to the mesentery.7 

Eight animals had vascular invasion, but the 
vast majority (12) were removed with clean 
margins.7 The median survival time for the 
eight patients which died prior to the end of 
the study was 3.7 years, and the cause of 
death in 5 of those patients was neuroendo- 
crine carcinoma. 7 

 
In contrast to the fair to good prognosis im- 
plied in the previous report of gall bladder 
neuroendocrine tumors, hepatic neuroendo- 
crine tumors appear to have a very poor prog- 
nosis, with a median survival time of 3 days 
in one study of 10 dogs.8 Hepatic carcinoids 
typically affect all liver lobes, and in one 
study from 1981, 14 of 15 cases metastasized, 
with 13 cases resulting in carcinomatosis and 
14 cases of lymph node metastasis.8,9 These 
findings indicate that hepatic neuroendocrine 
carcinomas are potentially aggressive neo- 
plasms. 

 
Another recent study demonstrated that neu- 
roendocrine carcinomas are the most com- 
mon gastric neoplasm in bearded dragons, ac- 
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Figure 3-8. Extrahepatic bile duct, dog. Neoplastic cells 
demonstrate strong scattered cytoplasmic immunore- 
activity for synaptophysin. (anti-synaptophysin, 400X) 

 

counting for 16 of 26 gastric and 51 total gas- 
trointestinal tract neoplasms.4 In an earlier 
study on bearded dragons, the most common 
clinical sign was anorexia, and somatostatin 
was the only immunohistochemical marker 
expressed in the neoplasms, suggesting they 
are somatostatinomas.10 In 6 of 10 of these 
cases, metastasis occurred to other abdominal 
organs, and 1 metastasized to the lung, indi- 
cating aggressive behavior in this species as 
well.10 
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CASE IV: 

 
Signalment: 
9-year-old, male castrated, Shepherd Mix 
dog (Canis lupus familiaris) 

 
History: 
Presented to the hospital with a history of 
lethargy, decreased appetite, unwilling to 
walk and vomiting. The patient was alert, re- 
sponsive and with cold distal extremities. On 
physical examination, the temperature was 
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Figure 4-1. Adrenal gland and heart, dog. At subgross 
magnification, a neoplasm has effaced normal architec- 
ture of the adrenal gland. Myocardial fibrosis is also visible 
at this magnification. (HE, 5X) 

 

97.0 F, heart rate was 76 beats/min and res- 
piratory rate was 56 breaths/min. Left ventri- 
cle not contracting appropriately and an en- 
larged left adrenal gland extending into the 
phrenicoabdominal vein were identified on 
ultrasound. In addition, the patient had muf- 
fled heart sounds and weak femoral pulses. 

 
Gross Pathology: 
The right atrium and the right ventricle had 
multiple linear, flat dark red 2-cm to 4-cm 
long streaks around multiple blood vessels. 

The right and left free ventricular wall ratio 
was 1:3, and the heart weighed 472-g, which 
was 1.23% of the body weight (normal range 
in adult dog is 0.7-1.2%). 

 
The left adrenal gland was enlarged (3.2-cm 
x 2.5-cm x 1.6-cm), multinodular, and firm. 
On cut surface, the corticomedullary ratio 
was 1:10 with a red to dark red, 2.5-cm in di- 
ameter mass expanding and replacing the me- 
dullary and markedly compressing the cor- 
tex. This adrenal gland was firmly attached 
and penetrated to the adjacent caudal vena 
cava. The affected caudal vena cava was seg- 
mentally and extensively dilated and com- 
pletely occluded by a dark red, 3.5-cm x 1.5- 
cm x 1.2-cm cylindrical, firm tumor embolus 
firmly attached to the vascular intima. The 
right adrenal gland was 2.5-cm x 1-cm x 0.5- 
cm, with a distinct corticomedullary junction, 
yet medulla expanded by ill-defined light 
brown nodules. 

 
Laboratory Results: 
No findings reported. 

 

 
Figure 4-2. Adrenal gland, dog. The adrenal cortex is compressed by an expansile medullary tumor. (HE, 55X) 
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Figure 4-3. Adrenal gland, dog. High magnification of 
neoplastic cells from the adrenal medulla. (HE, 381X) 

Microscopic Description: 
Left adrenal gland (not included in this sub- 
mission’s slide): Markedly effacing and ex- 
panding the medulla and compressing the 
cortex is a nonencapsulated, infiltrative, 
highly cellular neoplasm, composed of round 
to polygonal cells arranged in dense sheets, 
nests and packets, supported by delicate fi- 
brovascular stroma. There are extensive areas 
of necrosis, hemorrhage, fibrin and moderate 
numbers of degenerate neutrophils along 
with large clusters of neoplastic cells that in- 
vade the caudal vena cava wall and form an 
intravascular tumor cell thrombus. The neo- 
plastic cells have distinct cell borders, mod- 
erate amounts of faintly granular cytoplasm, 
and a round to oval nucleus with finely stip- 
pled chromatin and 1-2 nucleoli. Anisocyto- 
sis and anisokaryosis are mild and there are 5 
mitotic figures in ten 400x fields (2.37 mm- 
2). The associated celiac ganglion is focally 
infiltrated by lymphocytes and plasma cells. 

 
Right adrenal gland (included in this submis- 
sion’s slide): Markedly expanding the me- 
dulla and compressing the cortex are multifo- 
cal to coalescing nodules comprised by neo- 
plastic cells with similar arrangement and cy- 
tonuclear features as those described in the 
left adrenal gland. 

 
Heart: Diffusely, the myocardial interstitium 
of the left ventricle is mildly expanded by 
edema and mildly increased numbers of fi- 
brocytes and fibroblasts. Multifocally, indi- 

vidualized or clusters of cardiomyocytes ex- 
hibit pale sarcoplasm (degeneration) or bright 
eosinophilic sarcoplasm with loss of cross 
striations and fragmentation, and a pyknotic 
or karyolytic nucleus (necrosis). Often adja- 
cent to or surrounding these myocytes are in- 
filtrates of histiocytes and rare lymphocytes. 
Within patchy regions of denser fibrosis, my- 
ocytes are separated and atrophied. The tuni- 
cas media and adventitia of the multiple epi- 
cardial branches of the coronary artery are 
circumferentially expanded and effaced by 
hyalinized eosinophilic material (fibrin), and 
hemorrhage accompanied by perivascular 
edema and infiltrates of moderate numbers of 
macrophages, plasma cells and nuclear de- 
bris. Occasionally, the blood vessels have 
plump medial smooth muscle cells and endo- 
thelium. 

 
Contributor’s Morphologic Diagnoses: 
Adrenal glands: Bilateral adrenal pheochro- 
mocytomas with caudal vena cava invasion 

 
Heart: Moderate, multifocal, myocardial de- 
generation and necrosis with coronary arte- 
rial fibrinoid necrosis 

 
Contributor’s Comment: 
Pheochromocytoma is the most common ne- 
oplasm of the canine adrenal medulla, arising 
from chromaffin cells, which physiologically 

 

Figure 4-4. Adrenal gland, dog. Neoplastic cells demon- 
strate strong cytoplasmic immunoreactivity for chro- 
mogranin A. (anti-chromagranin A, 400X) 
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release catecholamines.3,7,10 Although pheo- 
chromocytomas are generally unilateral, they 
can involve both adrenal glands. These tu- 
mors can be benign or malignant, the latter 
associated with invasion beyond its capsule 
and, in some instances, to the vena cava 
and/or phrenicoabdomminal vein as well as 
adjacent vessels. Metastasis to lung, spleen, 
liver, heart, bone or regional lymph nodes can 
also occur.14 Pheochromocytomas can be 
nonfunctional or functional. Those tumors 
with functional activity can secrete catechol- 
amines, being norepinephrine the most fre- 
quently reported.6 

 
Catecholamines include epinephrine (adrena- 
line), norepinephrine (noradrenaline) and do- 
pamine.12 These amines are synthesized from 
the amino acid tyrosine, which are derived 
from food or formed from phenylalanine in 
the liver. Acting as postsynaptic neurons, 
chromaffin cells release secretory products 
when triggered by nerve impulses carried by 
the sympathetic fibers. The secretory prod- 
ucts then bind to the G-protein coupled recep- 
tors located on targeted organs. Two broad 
receptor classifications, α and β, have been 
described, and they can further expand into 
nine receptor subtypes. Both epinephrine and 
norepinephrine can bind and act on adrener- 
gic α and β receptors. The catecholamines 
have a profound physiology effect on blood 

 

Figure 4-5. Adrenal gland, dog. Neoplastic cells demon- 
strate strong scattered cytoplasmic immunoreactivity 
for synaptophysin. (anti-synaptophysin, 400X) 

 

 
Figure 4-6. Heart, left ventricle, dog. There is diffuse in- 
terstitial fibrosis within the myocardium. (HE, 15X) 

 
vessels and heart. Different concentration of 
epinephrine can elicit opposite reactions on 
the vasculature. At low concentration, epi- 
nephrine can lead to vasodilation by binding 
to β2; while at higher concentration, mainly 
stimulates α1 receptor and triggers vasocon- 
striction. In addition, increased force and rate 
of contraction of myocardium can occur with 
binding to β1 receptor.7,12 Clinical signs are 
often the result of excessive catecholamine 
secretion from the pheochromocytoma; how- 
ever, the amount of secretion is variable, spo- 
radic and unpredictable.7 Therefore, approxi- 
mately half of the cases are incidental find- 
ings at necropsy or during surgery. 

 
In human and animals, weakness, tachypnea, 
lethargy, anorexia, vomiting, high blood 
pressure or cardiac arrhythmias are the most 
frequently reported clinical signs in pheo- 
chromocytoma-affected patients.4,12,13 Re- 
garding myocardial changes, the theory of 
pheochromocytoma-associated catechola- 
mine cardiomyopathy has been introduced.6 

However, the mechanism of the cardiomyo- 
pathy is multifactorial.3 Myocardial injuries 
from circulating catecholamines have been 
observed in several animal models. The pro- 
posed pathogenesis of myocardial damage in- 
cludes excessive stimulation of adrenergic 
amines that induce vasoconstriction and vas- 
ospasms in the coronary artery, leading to 
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myocardial hypoxia and/or infarction. In ad- 
dition, the aberrant concentration of catechol- 
amines has been shown to increase permea- 
bility of the sarcolemmal membrane and lead 
to increased intrasarcoplasmic calcium influx 
that directly causes cardiomyocyte toxic 
damage. Moreover, the excessive catechola- 
mine-induced systemic hypertension as well 
as overloaded pressure contribute to cardio- 
myocyte hypertrophy and secondary hyper- 
trophic cardiomyopathy. Histologic changes 
include multifocal cardiomyocyte necrosis 
with contraction bands, cardiomyocyte de- 
generation, myocardial hemorrhage, myocar- 
ditis and interstitial fibrosis.6 

 
In the present case, not only similar histo- 
logic changes are present in the cardiomyo- 
cytes and interstitium, but coronary arteries 
exhibit vasculitis / fibrinoid change. Mecha- 
nisms leading to vasculitis and fibrinoid 
change are variable, including systemic hy- 
pertension, stress-induced, idiopathic, as well 
as primary or secondary to inflammatory re- 
sponses or immune-mediated diseases.15 No 
profound inflammation or immune-mediated 
disease were seen in this case. In addition, hy- 
perthyroidism, diabetes mellitus and hyperal- 
dosteronism were less likely based on clinical 
and pathologic examination. In cases of phe- 
ochromocytomas or hypertension, patients 
can have adaptive mural thickening, arteri- 
olosclerosis or fibrinoid necrosis in heart, 
kidney, lung or spleen.6 It is intriguing that 
the vasculitis was confined to the coronary 
arteries in this patient, and the cause is highly 
suspected to be pheochromocytoma-related. 

 
Contributing Institution: 
Auburn University 
166 Greene Hall 
Pathobiology 
College of Veterinary Medicine 
Auburn, AL 
36849-5519 

 

 
Figure 4-7. Heart, left ventricle, dog. The myocardial in- 
terstitium is expanded by loosely arranged collagen, 
plump fibroblasts, and there is multifocal atrophy of 
skeletal muscle fibers. (HE, 200X) 

JPC Diagnosis: 
1. Adrenal gland: Pheochromocytoma. 
2. Heart: Arteriolar fibrinoid necrosis, multi- 
focal, moderate with myocardial degenera- 
tion, loss, and fibrosis. 

 
JPC Comment: 
The contributor provides an excellent over- 
view of adrenal pheochromocytomas and the 
systemic effects of excessive catecholamine 
production. Pheochromocytomas occur in 
many veterinary species, and in clouded leop- 
ards specifically they are the most common 
neoplasm, occurring in 1% of animals in one 
study of 271 animals.16 In a separate review, 
pheochromocytomas accounted for 36% of 
reported cases of neoplasia in clouded leop- 
ards (41 of 144 cases).9 

 
Other neoplasms which may originate from 
the adrenal medulla include neuroblastomas 
and ganglioneuromas, both of which are rare 
tumors of neuroectoderm origin.14 Neuro- 
blastomas originate from primitive neu- 
roectodermal cells and can arise anywhere in 
the sympathetic nervous system.1 Adrenal 
neuroblastomas occur in children, and are 
rare in dogs, ferrets, and cows.1,2 Histologi- 
cally, neuroblastomas are infiltrative, densely 
cellular neoplasms composed of small cells 
resembling lymphocytes with scant cyto- 
plasm.1,14 Occasionally, neoplastic cells form 
Homer-Wright rosettes and pseudorosettes.1 

There is limited information on the biologic 
behavior of this neoplasm, but in dogs, it is 
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likely malignant and may metastasize within 
the abdomen.1 

 
Ganglioneuromas, on the other hand, are be- 
nign tumors which have been diagnosed in 
humans, dogs, cows, rats, and a cotton top 
tamarin.5,8,11 The neoplasms are composed of 
ganglia cells admixed with satellite cells and 
Schwann cells in a neurofibrillary matrix 
with prominent fibrous connective tissue.11,14 

The ganglion cells have significant anisocy- 
tosis, abundant finely granular cytoplasm, 
and large round heterochromatic nuclei.11 

Occasionally, ganglioneuromas occur along- 
side pheochromocytomas, and in one study of 
rats, all 9 ganglioneuromas were associated 
with pheochromocytomas.11 
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WSC 2022-2023 Self-assessment. 
Conference 9 

 

1.  True or false?  Less than 20% of dogs with urinary bladder urothelial cell carcinoma survive one 
year. 

a. True 
b. False 

 
2. The metastatic rate of thyroid carcinoma in the dog is most closely related to which of the 

following? 
a. Mitotic rate 
b. Volume of tumor 
c. Nuclear gigantism 
d. Lymphvascular invasion 

 
3.  Which of the following breeds have a genetic predisposition for development of thyroid 

carcinoma ? 
         a.  Dutch shepherd 
         b.  German shorthaired pointer 
         c.  Belgian Malinois 
         d. Dutch German longhaired pointer 

 
4. INSM-1 is a marker for which type of cell 

a. Neuron 
b. Neuroendocrine 
c. Smooth muscle 
d. Urothelium 

 
5. At low concentration, norepinephrine binding to which of the following causes vasodilation? 

a. Alpha-1 
b. Alpha-2 
c. Beta-1 
d. Beta-2 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
Unknown gestational age*, intact female, 
aborted dairy goat fetus (Capra aegagrus hir- 
cus) 

 
*The animal appears to be nearly full-term on 
gross examination and measures 46 cm from 
crown to rump. 

 
History: 
None provided with the submission. This an- 
imal was submitted with a male twin. No pla- 
centa was submitted with the fetuses. 

 
Gross Pathology: 
The female twin was grossly unremarkable. 
The lungs of the male twin had hundreds of 
disseminated, smooth, white, and flat pin- 
point to 2.0 mm nodules within the lung pa- 
renchyma and on the pleural surfaces. Lung 
sections from both twins sank in formalin. 

 
Laboratory Results: 
An in-house real time reverse transcriptase 
multiplex rRT-PCR test using pooled liver 
had the following result: infectious bovine 
rhinotracheitis (IBR) was suspect positive, 
with a Ct of 38; tissues were negative for bo- 
vine respiratory syncytial virus (BRSV) and 
parainfluenza-3 (PI3). Aerobic bacterial cul- 
ture of lung yielded no growth of pathogens. 

Caprine herpesvirus (CapHV-1) PCR testing 
of a lung sample at Colorado State University 
Veterinary Diagnostic Laboratory detected 
nucleic acids (positive). 

 
The viral inclusions did not stain using bo- 
vine herpesvirus-1 (infectious bovine rhi- 
notracheitis) antibody (immunohistochemis- 
try). 

 
 
 

Figure 1-1. Presentation, twin goats. Two twin goats 
were submitted for examination. Lesions were seen 
only in the male twin (top).(Photo courtesy of: Univer- 
sity of Illinois at Urbana-Champaign, Veterinary Diag- 
nostic Laboratory, http://vetmed.illinois.edu/vet-re- 
sources/veterinary-diagnostic-laboratory/) 
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Microscopic Description: 
Lung: Multiple random foci of necrosis that 
measure up to 1 mm wide disrupt the pulmo- 
nary parenchyma. The alveolar septa are 
markedly expanded by flocculent pink cell 
debris, karyorrhectic material and fibrin (co- 
agulative necrosis). Few macrophages, neu- 
trophils, and erythrocytes are admixed. Alve- 
oli are filled with fine pink fibrillar material 
(fibrin) and pale pink fluid. At the periphery 
of these foci are degenerating cells with usu- 
ally a single, eosinophilic intranuclear inclu- 
sion that measures approximately 5 um and 
peripheralizes the chromatin. 

 
Liver: Multiple random foci of hepatic necro- 
sis disrupt the parenchyma and are composed 
of globular hypereosinophilic cell fragments 
and karyorrhectic debris admixed with small 
numbers of macrophages. Hepatocytes along 
the periphery often have eosinophilic intranu- 
clear inclusions that peripheralize chromatin. 
Macrophages in and around these nodules 
have small amounts of globular, dark brown, 
intracytoplasmic pigment (presumably he- 
mosiderin) 

 
 
 
 

Figure 1-2. Lung, goat kid. There are multiple areas of 
necrosis scattered through the lungs (arrows). Photo 
courtesy of: University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory, http://vetmed.illi- 
nois.edu/vet-resources/veterinary-diagnostic-labora- 
tory/) 

 

 
Figure 1-3. Lung, liver, goat kid. One section of lung 
(left) and liver (right) are submitted for examination. 
There are no visible lesions at subgross magnification. 

 

Contributor’s Morphologic Diagnoses: 
1. Lung: multifocal, random, moderate, ne- 
crotizing pneumonia with intranuclear viral 
inclusion bodies 
2. Liver: multifocal, random, mild, necrotiz- 
ing hepatitis with intranuclear viral inclusion 
bodies 

 
Contributor’s Comment: 
Caprine herpesvirus 1 (CpHV-1) is globally 
distributed alphaherpesvirus that occasion- 
ally causes disease and is less-commonly im- 
plicated as a cause of infectious abor- 
tion.2,6,7,10,11 Clinical manifestation of disease 
depends on the age of the infected animal. In 
1- to 2-week-old kids, a generalized disease 
with severe gastrointestinal lesions predomi- 
nates.1,3,4,6 In contrast, infected adults are of- 
ten clinically silent or have genital tract in- 
fections characterized by vulvovaginitis or 
balanoposthitis; more rarely do respiratory 
tract infections and abortions occur. 2,6,7,10,11 

Typically, does that abort are subclinically 
infected; the only manifestation of infection 
can be late term abortions, stillbirths, or even 
abortion storms at a herd level. 2,7,10,11 Trans- 
mission is thought to be from direct contact 
during coitus.10 The source of infection can 
be challenging to determine, as alphaherpes- 
viruses can remain latent in the trigeminal 
ganglia or other tissues.2 
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Figure 1-4. Lung, goat kid. There are areas of lytic ne- 
crosis scattered throughout the lung. (HE 400X) (Photo 
courtesy of: University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory, http://vetmed.illi- 
nois.edu/vet-resources/veterinary-diagnostic-labora- 
tory/). 

 
 

The observed herpetic inclusions are con- 
sistent with typical Cowdry type A inclu- 
sions, which are characterized by large, intra- 
nuclear, and eosinophilic to amphophilic in- 
clusions that marginalize the chromatin.2,3,7 

With CpHV-1, inclusions are often at the pe- 
riphery of necrotic foci.7 The adrenal glands, 
liver, lungs, and kidneys are the organs that 
most commonly contain inclusions.7 With 
advanced autolysis, inclusions can be chal- 
lenging to identify; however, examination of 
the adrenal gland appears to be a reliable site 
of inclusion identification.12 In this case, in- 
clusions were found in the lung, liver, thy- 
mus, and adrenal glands but were most nu- 
merous within the lung and liver, as submit- 
ted. 

 
The other distinguishing histopathologic fea- 
ture for this infectious abortigenic agent is 
widespread necrotic foci that are most com- 
mon within the lungs, adrenal gland, and thy- 
mus.2,7,12 Other affected organs can include 
the kidney, intestine, lymph nodes, and 
spleen.7,12 Thymic necrosis is associated with 
clusters of macrophages containing the typi- 
cal Cowdry type A inclusion bodies, which, 
interestingly, is similar to what is observed in 
infected neonatal kids.3,11 

The pathogenesis has yet to be completely 
elucidated, but it is thought to be associated 
with viremia of the dam after respiratory or 
genital colonization.2,11,12 This results in leu- 
kocyte trafficking or hematogenous spread to 
the uterus where placental endothelium, mes- 
enchyme, and trophoblasts become in- 
fected.12 Death is due to tissue destruction 
within the fetus and placenta.12 Viremic po- 
tential varies with individual strain, which 
may further contribute to the rarity of these 
abortions.11,12 

 
Other, more common, causes of caprine abor- 
tion should be considered first when pre- 
sented with a late term caprine abortion, in- 
cluding: Chlamydophila abortus, Coxiella 
burnetii, Toxoplasma gondii, and Listeria 
monocytogenes.2,7 In this case, however, 
these agents were not identified via histologic 
examination or ancillary testing. 

 
The “suspect” result of the rtPCR for infec- 
tious bovine rhinotracheitis suggests that this 
causative virus has genetic homology with 
bovine herpes virus-1 (BHV-1). It has been 
previously shown that CpHV-1 and BHV-1 
are closely related and often antibodies will 
often cross-react on fluorescent antibody or 

 

Figure 1-5. Lung, goat kid. Cells at the edge of the areas 
of necrosis contain intranuclear viral inclusions. (HE 
400X) (Photo courtesy of: University of Illinois at Ur- 
bana-Champaign, Veterinary Diagnostic Laboratory, 
http://vetmed.illinois.edu/vet-resources/veterinary- 
diagnostic-laboratory/) 
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immunohistochemical assays.2,6,7 Further- 
more, goats can seroconvert against bovine 
herpesvirus 1, although no BHV-1 induced 
abortions have been identified in goats, to the 
author’s knowledge.12 The fetal lesions of 
CpHV-1 and BHV-1 are essentially identi- 
cal.12 Bovine herpesvirus-1 abortions tend to 
consistently have a necrotizing vasculitis 
within small vessels of the placental villi.12 

Unfortunately, the placenta was not submit- 
ted with this case for evaluation. 

 
The male twin had histologically similar le- 
sions in the lungs, adrenal glands, and thy- 
mus. 

 
Contributing Institution: 
University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory 

 
JPC Diagnosis: 
1. Lung: Pneumonia, necrotizing, multifocal, 
mild to moderate, with intranuclear viral in- 
clusions. 
2. Liver: Hepatitis, necrotizing, multifocal, 
mild to moderate, with intranuclear viral in- 
clusions. 

 
 
 

Figure 1-6. Liver, goat kid. There are multifocal areas of 
necrosis within the liver; hepatocytes at the edges of 
necrosis contain eosinophilic intranuclear viral inclu- 
sions (arrows). (HE 400X) (Photo courtesy of: University 
of Illinois at Urbana-Champaign, Veterinary Diagnostic 
Laboratory, http://vetmed.illinois.edu/vet-re- 
sources/veterinary-diagnostic-laboratory/) 

 

 
Figure 1-7. Adrenal gland, goat kid. Necrotic cells within 
the adrenal cortex contain eosinophilic intranuclear vi- 
ral inclusions (arrows). (HE 400X) (Photo courtesy of: 
University of Illinois at Urbana-Champaign, Veterinary 
Diagnostic Laboratory, http://vetmed.illinois.edu/vet- 
resources/veterinary-diagnostic-laboratory/) 

JPC Comment: 
This week’s moderator, LTC Joseph Ander- 
son, described a few of the histologic features 
which can indicate that lung samples origi- 
nated from fetal or neonatal animals. In neo- 
natal rats, the terminal bronchiolar epithelial 
cells are vacuolated due to intracytoplasmic 
glycogen accumulations, a feature which was 
also present in this case.5 Additionally, devel- 
oping lung in the saccular stage has thickened 
airway walls with a large amount of stroma.5 

In this case, there are also squamous epithe- 
lial cells within the alveolar lumina which 
were introduced by amniotic fluid. 

 
Caprine herpesvirus-1 is a double-stranded 
DNA virus that was first isolated in Califor- 
nia and Switzerland in the 1970s and has sub- 
sequently achieved a world-wide distribu- 
tion.9 Serologic testing for CpHV-1 involves 
measuring BoHV gB and gE ELISA reactiv- 
ity; positive gB and negative gE results indi- 
cate CpHV-1 infection.1,13 Serologic studies 
have elucidated risk factors for CpHV-1 in- 
fection, which include large herd size, meat 
or mixed production breeds, older age, and 
caprine arthritis-encephalitis viral co-infec- 
tion.1 A separate study in France confirmed 
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that larger herds were more likely to be sero- 
positive, and in these herds, up to 51% of an- 
imals were seropositive.13 The correlation of 
older age with seropositivity suggestive of 
prolonged exposure and viral re-circulation 
within the herd.1,13 

 
CpHV-1 has been the subject of recent re- 
search on therapeutic oncolytic viruses, 
which can replicate in and destroy neoplastic 
cells without harming normal cells. A few vi- 
ruses, such as adenoviruses, herpesviruses, 
and reoviruses, have been investigated for 
their oncolytic properties.4 Oncolytic herpes 
simplex virus 1 (oHSV-1) is the first ap- 
proved oncolytic virus and targets advanced 
stage, non-resectable melanomas in humans.4 

As it is based on a naturally-occurring human 
virus, oSHV-1 can cause disease in non-neo- 
plastic tissue as well; thus there is interest in 
using wild-type viruses that do not normally 
infect humans. Additionally, humans do not 
have pre-existing immunity to this virus and 
thus may be more susceptible to therapeutic 
infection.4 Several alpha herpesviruses, in- 
cluding BoHV-1, equine herpesvirus 1, and 
now CpHV-1 have demonstrated oncolytic 
properties.8 CpHV-1 can replicate in and in- 
crease apoptosis in several human cancer cell 
lines.8 CpHV-1 has promising effects in the 
treatment of mesothelioma, which has an av- 
erage survival time of less than 12 months in 
humans.4 A recent study showed that the vi- 
rus induced apoptosis in neoplastic cell cul- 
tures, halted cell cycle progression, and had 
synergistic effects with cisplatin, the current 
chemotherapeutic of choice for mesotheli- 
oma, with minimal effects on normal meso- 
thelial cells.4 
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CASE II: 

 
Signalment: 
5-year-9-month-old neutered female Domes- 
tic Shorthair cat, Felis catus 

 
History: 
A 5-year-old neutered female Domestic 
Shorthair cat was presented to our institution 
following a two-week history of pollakiuria 
and urinating in the house, which progressed 
to ataxia and tetraparesis. Neurologic exami- 
nation localized the clinical signs to multiple 
spinal cord segments and an MRI of the spi- 
nal cord revealed multifocal intramedullary 
lesions. The cat was euthanised due to the 
acute onset, progressive clinical signs and 
was submitted for necropsy. 

 
Gross Pathology: 
Gross examination revealed multifocal, in- 
tramedullary, grey-beige areas throughout 
the spinal cord. The brain was grossly unre- 
markable. The only other findings were those 
of splenic congestion and pulmonary redden- 
ing (congestion), which were attributed to 
barbiturate euthanasia. 

 
Laboratory Results: 
One year prior to presentation, the submitted 
cat was tested for FIV, FeLV and Toxo- 
plasma spp. (testing method not provided) 

and was revealed to be positive for FIV and 
negative for FeLV and Toxoplasma spp. At 
the time of presentation, serology for Toxo- 
plasma spp. revealed a high IgG titre (equal 
to or greater than 800, which is consistent 
with, though does not confirm active infec- 
tion) and an IgM titre of <20. 

 
Microscopic Description: 
Cervical spinal cord: 
Unilaterally, the grey and white matter are fo- 
cally extensively replaced by large numbers 
of infiltrating lymphocytes, plasma cells, and 
fewer macrophages. Neurons in this area are 
lost and there is amorphous eosinophilic ma- 
terial (necrosis). Within this area are multiple 
variably sized, approximately 30-60 μm di- 
ameter, eosinophilic protozoal cysts bordered 
by a thin (0.5 μm) capsule and containing nu- 
merous 1 μm elongate basophilic bradyzoites 
(presumptive Toxoplasma gondii cysts). 
Multifocally, there are bands of eosinophilic, 
fibrillar material (glial scars) and increased 
numbers of glial cells including gemistocytic 
astrocytes characterized by large, swollen, 
eosinophilic cytoplasm, and peripheral round 
nuclei and gitter cells with foamy cytoplasm 
and pyknotic nuclei. The adjacent white mat- 
ter is rarefied and degenerate with distended 
axon sheaths, occasionally containing swol- 
len, rounded and eosinophilic axons (sphe- 
roids) or associated with gitter cells (ellip- 
soids). Endothelial cells are lined by promi- 
nent (reactive) nuclei and Virchow-Robin 

 

Figure 2-1. Spinal cord, cat. A section of the cervical spi- 
nal cord is submitted for examination. There is a large 
unilateral focus of necrosis, and cellular infiltration at 
subgross magnification. (HE, 6X) 

209



 
 
 
 
 
 
 
 
 
 
 

spaces are expanded by lymphocytes and 
plasma cells (perivascular cuffing). 

 
Contributor’s Morphologic Diagnoses: 
Spinal cord, cervical; focally extensive ne- 
crotizing and lymphoplasmacytic myelitis 
with protozoal cysts (Toxoplasma gondii) 

 
Contributor’s Comment: 
The histologic features in this case are con- 
sistent with protozoal necrotizing myelitis 
due to Toxoplasma spp. 

 
Toxoplasma spp. are protozoan parasites able 
to infect a diverse range of species including 
humans, nonhuman primates, birds and a 
large number of mammals12. Domestic and 
non-domestic cats are the definitive host of 
Toxoplasma spp. and become infected fol- 
lowing ingestion of asexual stages in tissue or 
oocysts, or less frequently, congenitally12. 
Organisms then undergo asexual develop- 
ment in intestinal epithelium and can dissem- 
inate to a range of other tissues, including the 
lungs, liver, heart, and nervous system as free 
organisms or via leukocyte trafficking in 
lymphocytes or macrophages11. Tachyzoites 
are responsible for the acute presentation of 
toxoplasmosis and can continue to replicate 
indefinitely12. 

Typical histologic changes in the central 
nervous system of cats with active toxoplas- 
mosis include non-suppurative meningoen- 
cephalitis and necrosis. Infection in utero can 
cause placentitis, myocardial injury or sys- 
temic inflammation, which in turn lead to ne- 
crosis in the brainstem and cerebrocortical 
white matter12. Cell necrosis also occurs di- 
rectly as a result of intracellular replication of 
tachyzoites in target cells and subsequent cell 
lysis or as a consequence of the host immune 
response. T-cell lymphocytes kill infected 
cells directly or via interferon-gamma-medi- 
ated activation of microglia and astrocytes11. 

 
Chronic toxoplasmosis is characterized by a 
dormant stage in which bradyzoites are en- 
closed within cyst walls and divide slowly. 
Such bradyzoite-containing cysts are typi- 
cally found in the brain, skeletal muscle, and 
myocardium in chronically infected cats12. 
Cyst walls are poorly immunogenic and pro- 
tect bradyzoites from the host’s immune sys- 
tem, allowing them to remain dormant. Thus, 
there is usually little, if any, associated in- 
flammation. However, in this case, areas of 
necrosis and inflammation in the spinal cord 
were associated with bradyzoite-containing 
cysts. 

 
The finding of bradyzoite cysts within areas 
of inflammation and necrosis in feline spinal 
cords has been documented in several case 
reports of Toxoplasma or Toxoplasma-like 

 
Figure 2-2. Spinal cord, cat. The neuropil (in this case, 
the white matter) is effaced by innumerable inflamma- 
tory cells, with lymphocytes predominating, but there 
are also large numbers of neutrophils, histiocytes, and 
plasma cells. (HE, 381X) 

 

 
Figure 2-3. Spinal cord, cat. Within the affected white 
matter, there is necrosis, inflammation and edema 
(right), dilated myelin sheaths with spheroids (left), and 
gemistocytic astrocytes (bottom center). (HE, 381X) 
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infection.1,6 It is thought that the inflamma- 
tion in these reports was the result of cyst rup- 
ture and zoite release following reactivation 
of latent infection. From their findings, Lynd- 
say et al. suggest that when toxoplasmosis in 
cats manifests as neurologic signs alone, 
without concurrent systemic signs, it is more 
frequently due to reactivation than acute in- 
fection.10 

 
Reactivation of Toxoplasma has been re- 
ported in immunodeficient or immunosup- 
pressed cats infected with Feline Immunode- 
ficiency Virus (FIV) (as in this case) or re- 
ceiving immunosuppressive therapy.2 How- 
ever, the relationship between concurrent 
FIV infection and toxoplasmosis is not clear. 
A recent study by Dubey et al. did not find a 
correlation between naturally infected cats 
that were seropositive for FIV and T. gondii.8 

 
Contributing Institution: 
Pathobiology and Population Sciences 
Royal Veterinary College 
Hawkshead Lane, North Mymms 
Hertfordshire 
AL9 7TA 
United Kingdom 

 
JPC Diagnosis: 
Cervical spinal cord: Myelitis, histiocytic and 
lymphoplasmacytic, unilateral, focally exten- 
sive, severe, with gliosis and intracellular 
protozoal cysts. 

 
 

Figure 2-4. Spinal cord, cat. The grey matter is similarly 
effaced by necrosis and inflammation. Scattered 
throughout the grey matter are few large protozoal 
cysts. (HE, 381X) 

JPC Comment: 
Toxoplasma gondii was first described in 
1908 by researchers investigating Leishma- 
nia in gundis, a type of rodent native to Tuni- 
sia.5 The name was derived from the words 
Toxo-, which means arc and refers to the cres- 
centic shape of zoites; -plasma, meaning life; 
and gondii, referring to the species it was first 
identified in.5 The first congenital case of T. 
gondii was described in 1938 in a human ne- 
onate who died after developing encephalitis 
and retinitis, and the first case of infection in 
a cat was diagnosed in 1942.4,5 In the 1950s, 
it was discovered to be the causative agent of 
abortion in ewes in New Zealand (referred to 
as “type II abortions”).5 Around this time, re- 
searchers also discovered links between T. 
gondii infection and the consumption of raw 
meat and exposure to cat feces, but it wasn’t 
until 1970 that the key to T. gondii spread was 
uncovered: sexual reproduction and shedding 
of oocysts by felids.4 

 
Our knowledge of T. gondii has expanded 
drastically since its initial discovery, and the 
protozoa is now known to have a worldwide 
distribution and a wide host range.5 Felids, 
both domestic and wild, are the definitive 
hosts and become infected after ingesting 
meat infected with bradyzoite-laden cysts.4 

Cats can also be infected by ingesting in- 
fected oocytes in feces, but this is less com- 
mon.4 There are a wide range of intermediate 
hosts with significant inter-species variability 
in morbidity. Australian marsupials and New 
World monkeys are particularly susceptible 
to infection, while horses, cattle, and rats 
seem resistent.4,11 Other species which can be 
infected include other mammals, birds. fish, 
amphibians, and reptiles.11 Outbreaks in hu- 
mans have been linked to drinking contami- 
nated water, and it has been speculated that 
runoff may be the cause of recent infections 
documented in marine mammals.8,11 
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In cats, acute systemic infections most com- 
monly result in pulmonary, nervous, hepatic, 
cardiac, and ocular lesions, and, as the con- 
tributor mentions, reactivated infections are 
more commonly restricted to the nervous or 
ophthalmic systems.8 Neospora caninum and 
Sarcocystis neurona are less common causes 
of encephalitis and myeloencephalitis in 
cats.3,7 These organisms are difficult to im- 
possible to distinguish using light micros- 
copy and should be considered as differential 
diagnoses in this case. PCR, immunohisto- 
chemistry, and serology (as conducted in this 
case) are generally used to differentiate be- 
tween these protozoa.13 
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CASE III: 

 
Signalment: 
5.5 year old, Female, New Zealand White 
Rabbit (Oryctolagus cuniculus) 

 
History: 
2 month history of "red urine". Initial urinal- 
ysis was within normal limits, with no RBCs 
detected. Radiographs revealed urinary blad 
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Figure 3-1. Uterus, rabbit. Multiple section of uterus are 
submitted for examination. A cross section of a large 
thrombosed endometrial vein and numerous endome- 
trial cysts are evident at subgross magnification. (HE, 
6X) 

der sludge, which was resolved after subcu- 
taneous fluids. The rabbit was then reported 
for "red urine" again one month later. An- 
other free-catch urinalysis was submitted 
which came back positive for red blood cells 
(too numerous to count) with high protein 
(100mg/dL) and 1+ cocci. CBC/Chemistry 
was within normal limits. The rabbit was eu- 
thanized at endpoint (for an ocular study) and 
submitted for necropsy. 

 
Gross Pathology: 
An adult female New Zealand White rabbit 
presents for necropsy several hours post eu- 
thanasia via intravenous euthasol. The car- 
cass is in good post-mortem and adequate 
body condition with adequate subcutaneous 
and mildly increased visceral adipose stores. 
Externally, there is an intravenous catheter 
present in the left ear. There is mild focal yel- 
low staining of the fur surrounding the peri- 
neum (urine). The bladder contains a mild 
amount of thick, moist, white to yellow sedi- 
ment. The uterus is mildly enlarged, and there 
are multifocal raised nodules along the uter- 
ine horns bilaterally. On cut section, these 

nodules correspond to semi firm, papillary to 
polyploid masses that protrude into the uter- 
ine lumen, ranging from 1-3 cm in length and 
0.5-1.5 cm in diameter. The endometrial sur- 
face between the polyploid masses contains 
numerous variably sized cysts and occasional 
foci of loosely adhered dark red gelatinous 
material (clotted blood) ranging from 1-2.5 
cm in length. There are no other significant 
lesions. 

 
Laboratory Results: 
CBC/Chemistry: Within normal limits. 
Urinalysis (free catch from pan): Red blood 
cells TNTC; protein 100 mg/dL; 1+ cocci 

 
Uterus: Moderately expanding the endome- 
trium and projecting into the uterine lumen 
are multifocal dilated veins which contain 
circular concentric lamellations of red blood 
cells and fibrin with scattered admixed leuko- 
cytes and plump fibroblasts (thrombus). Ad- 
jacent endometrium contains macrophages 
with intracellular brown pigment (hemo- 
siderin, presumptive), mildly dilated blood 
vessels (congestion), and increased clear 
space (edema). Endometrial glands are 
mildly to moderately ectatic and hyperplas- 
tic, with attenuated or hyperplastic columnar 
epithelium occasionally thrown into papillary 

 
 
 
 
 
 

Figure 3-2. Uterus, rabbit. Neoplastic cells forming 
glands infiltrate the underlying smooth muscle. (HE, 
45X) 
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Figure 3-3. Uterus, rabbit. A neoplasm arising in the en- 
dometrium infiltrates the underlying uterine mural 
smooth muscle. (HE, 233X) 

folds, and contain low numbers of histio- 
cytes, erythrocytes, and basophilic acellular 
material. Dysplastic endometrial glands are 
also present with loss of nuclear polarity, an- 
gular glands projecting towards the myome- 
trium, or intraluminal atypical endometrial 
cells. In other sections of uterus, multifocal 
uterine adenocarcinoma is present. 

 
Contributor’s Morphologic Diagnoses: 
Uterus: Endometrial venous aneurysms. 
Uterus: Papillary adenocarcinoma, multicen- 
tric, with mild multifocal necrosis. 
Uterus: Mild multifocal cystic endometrial 
hyperplasia. 

 
Contributor’s Comment: 
Hematuria in rabbits may be due to blood 
originating in the renal system or the repro- 
ductive system. Specific causes include neo- 
plasia (uterine adenocarcinoma), uterine or 
bladder polyps, pyelonephritis or cystis, and 
urolithiasis.4,5 An additional cause of hema- 
turia that appears to be unique to lagomorphs 
is endometrial venous aneurysms. This con- 
dition has been reported in multiple species 
of rabbit, including New Zealand White rab- 
bits and a Holland Lop rabbit.4,7 The red urine 
in this case is reproductive in origin and as- 
sociated with the uterine lesions. Histology of 

the lesion depicted on this slide was con- 
sistent with endometrial venous aneurysm. 
This rabbit also had multicentric uterine ade- 
nocarcinoma, which is not as well repre- 
sented on this slide. 

 
Grossly, endometrial aneurysms present as 
dark red, ovoid structures protruding into the 
uterine lumen from the endometrium, which 
corresponds microscopically to dilated ve- 
nous structures containing blood or thrombi.5 

Endometrial venous aneurysms are thought 
to be a congenital lesion and are character- 
ized by localized venous dilation which may 
be fusiform or saccular in shape.7 In humans, 
congenital aneurysmal lesions of myometrial, 
cervical, and vaginal vessels but not endome- 
trial veins have been reported.7 It has also 
been proposed that prolonged pseudopreg- 
nancy, which is common in rabbits and re- 
sults in prolonged exposure to estrogen and 
progesterone, may also pay a role in in- 
creased vascularity or other vascular changes 
of the rabbit uterus.5 In a previous study, en- 
dometrial venous aneurysm was identified in 
14/854 necropsy cases and 5/150 biopsy 
cases, with a median age of 32 months.3 

 

 
Figure 3-4. Uterus, rabbit. A large thrombosed thin- 
walled vein measuring 3mm in diameter extends from 
the endometrium into the uterine lumen. (HE, 45X) 
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Figure 3-5. Uterus, rabbit. There are smaller vascular lu- 
mina at the periphery of the thrombosed vein. The 
thrombus is attached to the wall and there are sidero- 
phages scattered throughout the thrombus. (HE, 96X) 

 
For rabbits that present with hematuria sec- 
ondary to endometrial venous aneurysms, 
ovariohysterectomy is recommended because 
of the risk of life-threatening hemorrhage.7 

Ovariohysterectomy is curative in these 
cases.7 

 
Contributing Institution: 
University of Washington 
Department of Comparative Medicine 
Health Science Center 
Seattle, WA 98105 

 
JPC Diagnosis: 
1. Uterus: Uterine adenocarcinoma. 
2. Uterus: Endometrial venous aneurysms 
with thrombi. 
3. Uterus: Cystic endometrial hyperplasia, 
diffuse, moderate. 

 
JPC Comment: 
The contributor mentions several potential 
causes of hematuria originating from the re- 
productive tract in rabbits, including adeno- 
carcinomas and endometrial hyperplasia. 
Several large-scale studies of neoplasms and 
uterine lesions in rabbits have demonstrated 
the relative frequency that these occur. Ac- 
cording to several studies, uterine adenocar- 
cinomas are the most frequently diagnosed 
uterine lesion in rabbits and the third most 
common neoplasm in rabbits in general, with 

only mammary carcinomas (20.2% of sub- 
missions) and trichoblastomas (18%) occur- 
ring with higher frequency in a study of 1238 
rabbits.2,6,9 Most rabbits with uterine adeno- 
carcinoma present with hematuria or serosan- 
guinous vaginal discharge; anorexia is a less 
common clinical sign.9 The neoplasm is typi- 
cally multicentric and nodular and may in- 
volve both uterine horns.1 The average age 
for diagnosis is 5-6 years of age, and the ne- 
oplasm tends to metastasize within 1-2 years 
to the lungs, liver, bone, or brain.9 

 
Endometrial hyperplasia is the second most 
commonly diagnosed lesion of the rabbit 
uterus and outnumbers adenocarcinomas in 
some smaller scale studies.2,6,8,9,10 Endome- 
trial hyperplasia occurred in 44% of 1928 
rabbits with uterine lesions, and the most 
common clinical signs were similar to adeno- 
carcinoma, with approximately half having 
hematuria or serosanguinous vaginal dis- 
charge and fewer having anorexia. The me- 
dian age for endometrial hyperplasia is 
slightly younger, around 4 years.9,10 Addi- 
tionally, it is common for adenocarcinoma to 
develop within areas of endometrial hyper- 
plasia in rabbits, as was described in this 
case.2 

 
In rabbits, hematuria must be differentiated 
from pigmented urine due to nonpathogenic 

 

 
Figure 3-6. Uterus, rabbit. There is marked cystic endo- 
metrial hyperplasia of the endometrium. (HE, 26X) 
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crystals, porphyrins, or bilirubin by conduct- 
ing a urinalysis, as was done in this case.1 
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CASE IV: 

 
Signalment: 
A 3-year-old female (intact) Mastiff dog (Ca- 
nis familiaris) 

 
History: 
The dog presented with a two-day history of 
lethargy, inappetence, pyrexia, coughing and 
a brown/red vaginal discharge. She had been 
previously diagnosed with a steroid-respon- 
sive cough (one year prior to current presen- 
tation). 

 
On clinical presentation, the dog was dehy- 
drated, pyrexic and had a thick vaginal dis- 
charge. Digital examination of the reproduc- 
tive tract revealed an open cervix. Abdominal 
radiographs and ultrasonography showed a 
fetus with no heartbeat in the uterus. Abor- 
tion and pyometra were diagnosed, and an 
ovariohysterectomy was performed. To fur- 
ther investigate the respiratory disease, tho- 
racic radiographs and bronchoalveolar lavage 
(BAL) were performed. Radiographs re- 
vealed a bronchointerstitial pattern with 
bronchiectasis and BAL showed a differen- 
tial count of 40-45% eosinophils, 40-45% 

 

 
Figure 4-1. Uterus, dog. Two sections of uterus with hy- 
perplastic endometrium are submitted for examina- 
tion. At subgross, there is a prominent cellular infil- 
trate. (HE, 5X) 
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Figure 4-2. Uterus, dog. The edematous stroma is expanded by an infiltrate of large number of eosinophils and fewer foamy 
macrophages. The endometrial epithelium contains numerous cytoplasmic vacuoles (progesterone change). (HE, 380X) 

 

neutrophils, 10-15% macrophages, and rare 
lymphocytes in a lightly mucinous back- 
ground. 

 
Following surgery, the dog presented twice 
(11 days and 2 months post-surgery) with a 
cough and labored breathing. On both occa- 
sions the dog responded to corticosteroid 
treatment. Thoracic radiographs taken at two 
months post-surgery revealed a bronchointer- 
stitial pattern and a 3 cm opaque mass in the 
caudal lung lobe. Based on clinical and 
clinico-pathological findings a diagnosis of 
canine eosinophilic bronchopneumopathy 
(EBP) was proposed. Unfortunately, there 
was no repeat bloodwork and the dog was lost 
to follow up. 

 
Gross Pathology: 
The uterus, the placenta and the aborted fetus 
were submitted for microscopic examination. 

The uterine mucosa was pale tan to green, ir- 
regular and thickened. 

 
Laboratory Results: 
CBC showed a marked eosinophilia (11.86 x 
109/L), neutrophilia (14.35 x 109/L), baso- 
philia (1.01 x 109/L), and a mild regenerative 
anemia (HCT 37%). Biochemistry showed a 
mild increase in creatinine 166 μmol/L 
(range: 44-159 μmol/L). A Baermann test for 
lungworm larvae was negative. 
Microscopic Description: 
Uterus: The endometrium is circumferen- 
tially expanded by the presence of large num- 
bers of eosinophils and lesser numbers of 
foamy macrophages that diffusely infiltrate 
the interstitium and separate endometrial 
glands. Multifocally, eosinophils and rare 
neutrophils are seen migrating through the 
endometrial epithelial lining. The endome- 
trial glands are mildly dilated, occasionally 
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tortuous, and mostly lined by cuboidal epi- 
thelium. Rare granulocytes are present in the 
lumen of the glands. In the surface epithe- 
lium, cells are arranged in a single layer or 
are pseudostratified. Endometrial epithelial 
cells vary from low cuboidal, to tall columnar 
with eosinophilic foamy cytoplasm and ve- 
siculate nuclei (progestational epithelium). 
Endometrial blood vessels are moderately 
congested and lymphatics are ectatic. There 
are multifocal areas where the endometrial 
stroma is distended with numerous clear 
spaces separating blood vessels and endome- 
trial glands (edema). In the lumen of the 
uterus, there are scattered, multifocal aggre- 
gates of erythrocytes, eosinophils and neutro- 
phils admixed with cellular debris. There is 
moderate to marked edema in the stratum 
vasculare causing separation of the inner and 
outer layers of the myometrium with multifo- 
cal, dense aggregates of eosinophils infiltrat- 
ing and separating interconnecting bundles of 
smooth muscle and surrounding vessels. 

 
Special stains: Luna and Congo red stains 
demonstrated bright orange to red granules in 
the cytoplasm of the numerous eosinophils 
present throughout the endometrium and my- 
ometrium. 

 
Tissue autolysis prevented optimal examina- 
tion of the fetus and the placenta. 

 
Contributor’s Morphologic Diagnoses: 
Uterus: Eosinophilic endometritis and my- 
ometritis. 

 
Contributor’s Comment: 
This case is unique in presenting with eosin- 
ophilic endometritis and myometritis, eosin- 
ophilic bronchopneumopathy (EBP), and pe- 
ripheral blood eosinophilia. It is unclear 
whether the eosinophilic endometritis and 
myometritis, and the EBP are separate enti- 
ties or whether these conditions may be part 

of the multisystemic disorder termed hypere- 
osinophilic syndrome. An eosinophilic leuke- 
mia, characteristically presenting with a pe- 
ripheral eosinophilia count greater than 25 to 
30 eosinophils × 109/L,16 was excluded based 
on a peripheral count of 11.86 x 109/L in this 
patient. 

 
Eosinophilic endometritis and myometritis, 
representing an abundant eosinophilic infil- 
tration of the endometrium and myometrium 
respectively, are occasionally reported in 
dogs. In a recent study, 7.3% of endometrial 
biopsies in subfertile dogs were classified 
with eosinophilic endometritis.12 Despite the 
surprisingly common incidence of this condi- 
tion, the pathogenesis and clinical signifi- 
cance remains poorly understood. A signifi- 
cant relationship between eosinophilic endo- 
metritis and fetal loss has been established. 
However, it is unclear if eosinophilic infil- 
trates result in fetal loss, or if eosinophils in- 
filtrate secondarily to tissue responses asso- 
ciated with placental maturation and late 
pregnancy.12 It has been previously reported 
that high numbers of eosinophils may be pre- 
sent in the uterus of healthy post-partum 
doges, whereas low numbers of eosinophils 
may be seen during pro-estrus, estrus, die- 
strus, early pregnancy and early to mid-anes- 
trus post-partum.27 

 
Eosinophilic endometritis has been reported 
in several other species including ferrets,11 

horses,23 donkeys,24 and elk.4 In ferrets, eo- 
sinophilic endometritis was attributed to fetal 
death resulting from suspected “single kitten 
syndrome.”11 A similar entity termed “single 
pup syndrome” has been reported in dogs, 
where a single-fetus pregnancy results in fail- 
ure of parturition.19 It is believed that the sin- 
gle puppy produces insufficient cortisol and 
ACTH to initiate parturition, and if the birth 
process is not initiated, the placental supply 
of oxygen and nutrients diminishes leading to 
fetal death and mummification or maceration 
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in utero. A diagnosis of “single pup syn- 
drome” could be potentially considered in the 
present case. In horses, a causal association 
between pneumovagina and pneumouterus 
leading to eosinophilic endometritis has been 
suggested.23 

 
The failure of a single pup to initiate the 
onset of parturition on or around the ex- 
pected date has been postulated to be due to 
the concentration of cortisol secreted by one 
pup being insufficient to adequately initiate 
luteolysis via prostaglandin release. 

 
Eosinophilic bronchopneumopathy is a dis- 
ease characterized by eosinophilic infiltration 
into the bronchi, terminal bronchioles, alveoli 
and blood vessels. Siberian Huskies and 
Alaskan Malamutes appear overrepresented. 
In some cases, blood peripheral eosinophilias 
are reported concurrently.9 Affected dogs 
usually present with a corticosteroid respon- 
sive cough, similar to the patient from the 
case described here. Eosinophilic broncho- 
pneumopathy is typically diagnosed by cyto 
logical examination of bronchoalveolar lav- 
age fluid or histologic examination of the 
bronchial mucosa, combined with radio- 
graphic and bronchoscopic findings and ex- 
clusion of known causes of eosinophilic infil- 
tration into the airways. In dogs, the most 
common causes of eosinophilic pneumonitis 
include heartworm disease caused by Dirofi- 
laria immitis and migration of Angiostrongy- 
lus vasorum larvae through the pulmonary 
parenchyma.6,17 Dirofilaria immitis is a re- 
portable disease in New Zealand and there 
are no reports of canine infection with A. vas- 
orum, and thus infection with these parasites 
was considered unlikely in the present case. 
Less commonly, Oslerus osleri, Filaroides 
hirthi, Crenosoma vulpis, Paragonimus kel- 
licotti and neoplasia (lymphoma and mast 
cell tumors) have been implicated with pul- 
monary eosinophilic infiltrates in dogs.7,18 

Other possible causes have been described in 

the human literature (idiopathic pulmonary 
fibrosis, medications, mycobacteria or fungi) 
and could potentially cause this clinical syn- 
drome in dogs, but no reported cases were 
found in the literature. While the etiology of 
EPB remains unclear, hypersensitivity to 
aeroallergens is suspected, however most 
cases are still considered idiopathic.7 

 
Little is known about the cytokines and 
chemokines involved with EBP. Flow cy- 
tometric analysis of BAL samples from dogs 
with EPB demonstrated an increase of CD4+ 
T-cells and a decrease of CD8+ T-cells, and 
resolution of clinical signs with corticoster- 
oid treatment normalized the CD4:CD8 ra- 
tio.8 It was proposed that CD4+ T-cells are at 
least in part responsible for the infiltration of 
eosinophils, which has also been shown in 
asthmatic humans21 and rodents.15 

 
Alternatively, the underlying cause of the 
multi-organ eosinophilic infiltrates in the pre- 
sent case may be due to idiopathic hypereo- 
sinophilic syndrome (HES). This is a rare 
systemic illness of unknown cause and pre- 
sents as a sustained peripheral eosinophilia 
(>5×109/L) with multi-organ infiltration 
causing dysfunction.16 In humans, peripheral 
eosinophilia must be present for at least 6 
months to be considered HES.5 Although the 
cause of HES is still considered idiopathic, it 
has been proposed that generalized immune 

 
Figure 4-3. Uterus, dog. Higher magnification of the eo- 
sinophilic endometrial infiltrate. (HE, 1180X) 
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dysregulation may lead to increased matura- 
tion and recruitment of eosinophils from the 
bone marrow that enter the circulation and 
target tissues and organs. Several cytokines, 
particularly IL-5 and eotaxin, which prime, 
activate and enhance eosinophilic migration 
into tissues, have been implicated with 
HES.16 In dogs, Rottweilers appear 
overrepresented,25 and the condition has been 
reported in cats,26 humans,5 and an owl mon- 
key.13 In horses, multisystemic eosinophilic 
epitheliotropic disease is considered the 
equivalent to HES. Affected horses present 
with a peripheral eosinophilia of unknown 
primary origin with multi-organ infiltration.22 

 
In dogs with HES, eosinophilic infiltrates 
have been reported in several organs includ- 
ing the liver, spleen, lung parenchyma, myo- 
cardium, lymph nodes, skeletal muscle and 
bone marrow.1,14,20,25 Although pulmonary 
eosinophilic infiltrates are common in dogs 
with HES, the case presented here could be 
the first description of uterine infiltrates in an 
HES dog. 

 
In the human literature, few reports of preg- 
nant women with HES appeared to have min- 
imal complications with no mention of eosin- 
ophilic uterine infiltrates. One baby was de- 
livered with a transient hypereosinophilia and 
there was a single report of a premature twin 
delivery, however these and all other cases 
resulted ultimately in the delivery of healthy 
infants.2,3 

 
In this case, the concurrent EBP, eosinophilic 
myometritis, endometritis and blood periph- 
eral eosinophilia raise the question whether 
this case should be considered an unusual 
presentation of HES. A similar report of two 
Cavalier King Charles Spaniels presenting 
with eosinophilic stomatitis, peripheral eo- 
sinophilia and eosinophilic disease in other 
body systems also questioned if these cases 

 

 
Figure 4-4. Uterus, dog. The eosinophilic infiltrate ex- 
tends along perivascular connective tissue within the 
uterine smooth muscle. (HE, 35X) 

were unusual presentations of HES.10 Unfor- 
tunately, this case was lost to follow up and a 
definitive diagnosis could not be established. 
The persistence and worsening of a cortico- 
steroid responsive cough following ovario- 
hysterectomy, and the presence of similar 
clinical signs one year prior to presentation, 
suggests at least EBP. Alternatively, the like- 
lihood of HES with pulmonary and uterine 
infiltrates is also equally considered. 

 
Contributing Institution: 
IVABS 
Massey University 
Palmerston North, New Zealand 
http://www.massey.ac.nz 

 
JPC Diagnosis: 
1. Uterus: Endometritis, eosinophilic, dif- 
fuse, severe, with edema. 
2. Uterus, endometrium: Hyperplasia, dif- 
fuse, moderate, with progestational change. 

 
JPC Comment: 
The contributor provides a great overview of 
eosinophilic bronchopneumopathy, eosino- 
philic endometritis, and the possible link with 
hypereosinophilic syndrome (HES) in this 
patient. As the contributor states, HES is a 
rare and life-threatening disease in dogs and 
information regarding pathogenesis and 
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treatment is extrapolated from the human lit- 
erature. 

 
One common sequela in humans with HES is 
a thromboembolic event.17,21 In HES patients, 
several proteins, cytokines, and chemokines 
produced by eosinophils create a hypercoag- 
ulable state.17,21 Major basic protein damages 
endothelial cells, causing endothelial cell and 
platelet activation, while eosinophil cationic 
protein activates factor XII (Hageman fac- 
tor).21 Eosinophils also release both tissue 
factor and plasminogen activator inhibitor 2 
and separately inhibit fibrinolysis.17 The net 
result is a hypercoagulable state, and in hu- 
mans this manifests as microvascular thrombi 
in multiple organs and large thrombi within 
the heart.17 A case of HES-induced thrombo- 
embolism was recently reported in a 3 year 
old boxer dog. The animal presented with 
respiratory distress, marked eosinophilia, and 
a thrombus in the left atrium visible on echo- 
cardiography.17 Increased D-dimer levels and 
tissue-factor-activated thromboelastography 
confirmed that the dog was hypercoagulable, 
and the dog was euthanized after it developed 
acute aortic thromboembolism and paraple- 
gia.17 On necropsy, eosinophils infiltrated the 

 
 

Figure 4-5. Thoracic radiograph, dog. There was a dif- 
fuse interstitial pattern and a single nodule within the 
caudodorsal lobe at presentation. (Photo courtesy of: 
IVABS, Massey University, Palmerston North, New Zea- 
land, http://www.massey.ac.nz) 

lungs, liver, spleen, and lymph nodes and ac- 
counted for 90% of the myeloid cells in the 
bone marrow.17 This was the first case to be 
thoroughly documented in a dog; however a 
similar case was reported in an 11 year old 
mixed breed dog with HES and a possible in- 
tracardiac thrombus on echocardiography.21 

This patient was unique in that it responded 
well to treatment with hydroxyurea and pred- 
nisolone, and the thrombus was not apparent 
3 months later.21 These case reports illustrate 
that hypercoagulability may be a conse- 
quence of HES in dogs, and thromboembo- 
lism may be prevented with rapid treatment 
and resolution of hypereosinophilia, as has 
been shown in human medicine.17 

 
In addition to the differentials listed by the 
contributor, another differential diagnosis for 
hypereosinophilia is paraneoplastic syn- 
drome. In dogs, cats, horses, and humans, 
lymphomas can rarely cause hypereosino- 
philia.20 It is believed that lymphocytes elab- 
orate products like IL-3, IL-5, and GM-CSF 
which inhibit eosinophil apoptosis and result 
in eosinophilia.20 
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WSC 2022-2023 Self-assessment. 
Conference 10 

 

1.  In adult goats infected with caprine herpesvirus-1, disease is most commonly seen in which of 
the following systems? 

a. Respiratory 
b. Reproductive 
c. Endocrine 
d. Nervous 

 
2. True or false? Tachyzoites are responsible for the acute presentation of 

toxoplasmosis and can continue to replicate indefinitely. 
a. True 
b. False 

 
3. True or false? Endometrial venous aneurysms are thought o be congenital in origin. 

         a.  True 
         b.  False 
 

 
4. Which of the following is considered to be the driving cell type in eosinophilic 

bronchopneumopathy? 
a. B-cells 
b. CD-8 T-cells 
c. Macrophages 
d. CD-4 T-cells 

 
5. “Single puppy syndrome” is thought to be the result of which of the following? 

a. Placental insufficiency 
b. Excessive size at parturition 
c. Uterine inflammation at parturition 
d. Insufficient cortisol at parturition 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
Adult female giant Pacific octopus (Enter- 
octopus dofleini) 

 
History: 
Octopus arrived to the National Aquarium in 
Baltimore bright, alert, and responsive, but 
missing multiple distal limb pieces, sus- 
pected to be traumatic in nature. Two weeks 
after capture, this octopus was noted to be 
hyporexic. Fecal examination was concern- 
ing for cystic structures, possibly Aggregata 
sp. Octopus was noted to be dark in color and 
posturing strangely the next morning, report- 
edly standing on its limbs. The animal was 
found deceased after lunch; lack of heartbeat 
was confirmed via Doppler and ultrasound. 
Prior to death, water temperature was noted 
to be within normal limits and dissolved ox- 
ygen content at 99%. 

 
Gross Pathology: 
The submitting institution performed the 
gross examination which identified partial 
traumatic amputation of the distal arms of 
R1-3, L2, and L4, as well as marked gill pal- 
lor. Hemolymph drawn after death was clear 
when drawn, but turned deep blue (aerated) 
after 1 minute in the collection tube. The kid- 
neys were also said to contain multiple pin- 
point white spots of unknown significance. 

Laboratory Results: 
Below are values from the aforementioned 
post-mortem sample; published reference in- 
tervals (RI) for hemolymph in octopus are not 
available. 
Hemocyte count: 2.255k/uL (empirically 
low) 
Copper: 174.925 mcg/dL (likely appropriate, 
RI unknown) 
Chemistry: Glu 20 mg/dL (empirically low), 
Na 376.2 mmol/L (likely appropriate, RI un- 
known), K 12.6 mmol/L (empirically high), Cl 
402 mmol/L (empirically high), TP 11.4 g/dL 
(empirically very high) 

 
Microscopic Description: 
Gill: Moderate numbers of macrogametes are 
embedded in the connective tissue of the gill 
lamellae. These round to ovoid cystic struc- 
tures, with a central nucleus and a large, 
darkly staining nucleolus, measure up to 100 

 

 
Figure 1-1. Gill lamellae, octopus. A cross section of the 
gill is submitted for examination. There is no abnormal- 
ity at subgross magnification. The branchial gland is at 
left. (HE, 5X) 
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μm in diameter and frequently invade the gill 
epithelium. Cysts contain abundant finely 
granular or vacuolated basophilic cytoplasm. 
Hemocytic infiltration of the affected gill la- 
mellae is variable, with some areas of severe 
hemocytic inflammation noted in the inter- 
stitium of the gill lamellae. Hypertrophy of 
infected epithelial cells is quite prominent in 
some regions. The centralized branchial 
gland is unaffected. In some sections, low 
numbers of flagellate protozoa are noted ad- 
herent to the apical surface of gill epithelial 
cells, consistent with Ichthyobodo sp. 

 
Contributor’s Morphologic Diagnoses: 
Gill lamina: coccidiosis, multifocal, moder- 
ate with intralesional macrogametes. 

 
Contributor’s Comment: 
The eimeriorin coccidian protozoal organ- 
isms of the genus Aggregata and the greater 
phylum Apicomplexa are frequently found to 
infect the digestive tract of a diverse number 
of cephalopods. These parasites can cause 
damage to the host tissue including direct me- 
chanical injury, as well as indirect enzymatic 
and innate immune effects.2 This leaves 
cephalopods under considerable stress, most 
commonly those housed in fishery or aqua- 
culture situations, vulnerable to secondary in- 
fections. Additionally, it has been reported 

 

Figure 1-2. Gill lamellae, octopus. Apicomplexan ga- 
metocytes with granulated cytoplasm and a single ho- 
mogenous nucleus are embedded within the hyperplas- 
tic epithelium. (HE, 574X) 

 

 
Figure  1-3.  Gill lamellae, octopus.  The connective  tis- 
sue of the gill lamella is infiltrated by large numbers of 
hemocytes. (HE,144X) 

that the enzymatic disturbances that occur in 
octopods result in malabsorption, producing 
a gradual decline in protein levels, emacia- 
tion, and even death.3 In the past 25 years, 
Aggregata spp. organisms have been consid- 
ered the most important disease-producing 
infectious agent in both wild and cultured 
populations of the common octopus (Octopus 
vulgaris), a major protein source in many 
fish-eating countries.4 Infections have previ- 
ously been described in the intestinal tracts of 
giant Pacific octopuses (Enteroctopus 
dofleini) from this colony as the result of a 
newly identified species, Aggregata dobelli.8 

 
Aggregata spp. coccidia have heteroxenous 
development with the asexual stages (mero- 
zoites, meronts) invading the intestinal epi- 
thelial cells of crustaceans, the intermediate 
host, until subsequent ingestion by cephalo- 
pods.2 These merogonial stages can then in- 
fect the digestive tract of the definitive host, 
as well as the epithelial cells of other tissues, 
such as the gill lamellae. To gain access to 
these extraintestinal sites of infection, the in- 
vasive oocysts are able to migrate through tis- 
sues, causing hypertrophy of invaded cells, 
hemocytic infiltration, and, consequently, 
phagocytosis by these hemocytes.5 Oocyst 
and macrogamete stages are frequently ob- 
served embedded in the connective tissue and 
surrounded by a thin cyst wall or a multi 
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Figure 1-4. Gill lamellae, octopus. Ichthyobodo sp. are 
attached to the hyperplastic gill epithelium. (HE, 890X) 

layered dark membrane. In some cases, abun- 
dant developmental stages may be accompa- 
nied by desquamation and necrosis of the gill 
epithelium. 

 
Detection of coccidiosis may be particularly 
important in octopods caught from the wild 
for rearing in aquaculture or exhibition in 
aquariums. Fecal oocyst count is the most 
common method of detection, although there 
are no standardized ranges of normal recog- 
nized in cephalopods. Determination of the 
species relies on the morphological charac- 
terization of the size, shape, and number of 
sporozoites in each sporocyst, as well as the 
ornamentation.2 For example, Aggregata do- 
belli has a smooth-surfaced sporocyst con- 
taining 9-22 sporozoites. The positive identi- 
fication of this developmental stages requires 
histological examination of the digestive 
tract, which cannot be performed in living an- 
imals. Treatment also presents a significant 
dilemma. While protozoan infections in 
aquarium species are typically controlled 
through the addition of ionic or chelated cop- 
per, high concentrations of formalin, or chlo- 
roquine diphosphate solutions to closed 
tanks, these methods are unsuitable for use on 
octopods.1 Thus, the ongoing study of coc- 
cidiosis in cephalopods requires new meth- 
ods of both molecular detection and eradica- 
tion of these parasites. 

Contributing Institution: 
Johns Hopkins School of Medicine Depart- 
ment of Molecular & Comparative Pathobi- 
ology (https://mcp.bs.jhmi.edu/) 

 
JPC Diagnosis: 
Gill: Branchitis, hemocytic, diffuse, moder- 
ate, with numerous intraepithelial macroga- 
metocytes (etiology consistent with Aggre- 
gata sp.) and few surface flagellates (etiology 
consistent with Ichthyobodo sp.). 

 
JPC Comment: 
The contributor provides an excellent over- 
view of Aggregata, a very important patho- 
gen of octopuses. Another organism featured 
in this case is Ichthyobodo, a free swimming 
flagellate which can infect freshwater and 
marine fish and octopuses.7 The flagellate, 
which measures 6-10 μm, attaches to and 
penetrates epithelial surfaces, especially the 
gills.7 Gross lesions are typically minimal, 
and histologic lesions range from absent to 
severe bronchitis with epithelial degeneration 
and necrosis.6,9 The parasites may not be seen 
histologically as they quickly depart the host 
after it dies.9 In a recent survey of 19 wild- 
caught giant Pacific octopuses which died 
captivity, ten of the animals had Ichthyobodo 
infections, nine of which had severe bronchi- 
tis.6 In this case, Ichthyobodo is present in 
low levels and was probably not pathogenic 
to the patient. 
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CASE II: 

 
Signalment: 
An adult, captive, female giant spider crab 
(Macrocheira kaempferi; Temminck, 1836). 

History: 
This giant spider crab (Macrocheira 
kaempferi) was found deceased after a short 
period of anorexia. Other decapods in the 
tank had shown signs of “shell disease syn- 
drome”. 

 
Gross Pathology: 
At necropsy, the main gross pathologic find- 
ings were multifocal, variably sized, dark 
brown to black, depressed skin foci in the 
apron, limb, and carapace 

 
Laboratory Results: 
Multiple bacterial cultures of skin and inter- 
nal organs from other similarly affected and 
deceased crabs yielded Vibrio sp. (1+), She- 
wanella putrefaciens (1+), and Corynebacte- 
rium sp. (1+). 

 
Microscopic Description: 
Apron, Carapace, Limb: Multifocally, the 
epi-, exo- and endo-cuticle as well as the 
membranous layer are eroded and ulcerated. 
Variable amounts of proteinaceous material 
and hemocyte debris expand and disrupt the 
cuticle, membranous layer, and epidermis. 
Multifocally, the epidermis and dermis are 
infiltrated by granular and reactive agranular 
hemocytes, occasional melanized cells, kar- 
yorrhectic cellular debris and extracellular 
and intraphagocytic bacteria. Inflammatory 

 

 
Figure 2-1. Carapace, spider crab. There are multifocal, 
dark brown to black, depressed skin foci in the apron, 
limb, and carapace. (Photo courtesy of: Texas A&M 
Veterinary Medical Diagnostic Laboratory (TVMDL), 
483 Agronomy Rd, College Station, TX 77843, USA. 
https://tvmdl.tamu.edu/ ) 
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infiltrates are often more prominent at the se- 
tae. Some of these hemocytes infiltrate the 
connective tissue amid myocytes and varia- 
bly infiltrate and disrupt vascular structures, 
more prominently within the deep soft tissue 
in the apron. Rare hemocyte nodule for- 
mation is noted. Hemolymph sinuses exhibit 
occasional eosinophilic globules. 

 
Gill: Multifocally, the gills are infiltrated and 
disrupted by granular and agranular hemo- 
cytes, cellular debris, proteinaceous fluid, 
and intraphagocytic and intravascular bacte- 
ria. 

 
Contributor’s Morphologic Diagnoses: 
Apron, Carapace, Limb: Mild to marked, 
multifocal, subacute erosivo-ulcerative he- 
mocyte epidermitis and dermatitis/hypoder- 
mitis with intralesional and intravascular 
gram-negative bacteria, melanization, and 
vasculitis. 

 
Gill: Moderate, multifocal, subacute hemo- 
cyte branchitis with intralesional and intra- 
vascular gram-negative bacteria. 

 
Contributor’s Comment: 
Based on the clinical history and bacterial 
culture results from similarly affected and de- 
ceased conspecifics, the gross and histopath- 

ologic findings in this crab are strongly sug- 
gestive of black spot shell disease syndrome 
(SDS) and hemocoelic bacterial invasion 
(septicemia).3,12,15 

 
Macrocheira kaempferi (infraorder Brachy- 
ura, order Decapoda) is the largest of extant 
Arthropoda. This species occurs along the 
Pacific coast of Japan, at depths ranging from 
50 to 400 m.5 Although M. kaempferi has 
been introduced into aquaria worldwide, 
knowledge on health and disease aspects in 
the species is very limited.1,8 

 
SDS is regarded as a multifactorial syndrome 
and is one of the main concerns on crabs 
newly introduced into aquaria.1,9 Two poten- 
tial forms of SDS have received attention. 
These include a) the “classic” form, which is 
centered around chitin degradation and has 
been reported in many crustaceans, including 
lobsters, crabs and shrimp,7,13 and b) an “epi- 
zootic” form, in which chitin degradation is 
of less significance and primarily affects lob- 
sters.2 Various environmental stressors14 and 
opportunistic chitinolytic bacteria (particu- 
larly in the classic form), such as Vibrio sp, 
Photobacterium sp, Aeromonas sp, Alter- 
omonas sp, Pseudoalteromonas sp, Clostrid- 
ium sp, Cytophaga sp, Chromobacteria sp., 
protozoans and/or fungi play central 
roles.4,14,10 High occurrence is linked to pol- 
luted environments.14 

 
Grossly, SDS is characterized by exoskeletal 
erosions, pitting, and discoloration, including 
typical black spots resulting from melaniza- 
tion.4 Lesions vary from mild (restricted to 
the exoskeleton), to severe, where injury may 
extend through the entire shell and into the 
soft tissues, often resulting in extensive ul- 
cers, fractures, and autotomy.6 Lesions may 
initiate via destruction of the epicuticular 
layer, by proteolytic and lipolytic microbial 
activities, predatory or cannibalistic attacks, 

 

 
Figure 2-2. Carapace, spider crab. Multifocally, the epi- 
, exo- and endo-cuticle as well as the membranous layer 
are eroded and ulcerated. (Photo courtesy of: Texas 
A&M Veterinary Medical Diagnostic Laboratory 
(TVMDL), 483 Agronomy Rd, College Station, TX 77843, 
USA. https://tvmdl.tamu.edu/ ) 
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Figure  2-3. Carapace, spider crab. Hemocytes infiltrate 
the connective tissue, myocytes vascular structures, 
more prominently within the deep soft tissue in the 
apron. (Photo courtesy of: Texas A&M Veterinary 
Medical Diagnostic Laboratory (TVMDL), 483 Agron- 
omy      Rd,      College      Station,      TX      77843,   USA. 
https://tvmdl.tamu.edu/ ) 

chemical injury or the abrasive action of sed- 
iment and/or articulated body parts; the setal 
pores are often affected first and may favor 
internal invasion.7 Microscopically, there is 
progressive erosion, ulceration and disrup- 
tion of the exoskeleton and epidermis. The 
inflammatory response may include exuda- 
tion of proteinaceous material, hemocyte de- 
bris, infiltration of granular and reactive 
agranular hemocytes, melanized cells, and 
extracellular and intraphagocytic bacteria; 
these changes were observed in the present 
case. In severe cases, bacteria may extend 
into the internal viscera and mortality can en- 
sue as result of primary or secondary infec- 
tion.12 In the present case, traumatic skin in- 
jury by conspecific males likely predisposed 
to opportunistic bacterial colonization, result- 
ing in eventual hemocoelic bacterial inva- 
sion, septicemia, and death.11,12 

 
SDS is difficult to control and eradicate, de- 
spite occasional remission after molting.3 

Although fallible, treatment methods have 
been proposed to contain disease progres- 
sion.1 In conclusion, the diagnosis of SDS re- 
lies upon visualization of typical gross find- 
ings combined with histopathology and mi- 
crobiologic analysis. 

Contributing Institution: 
Texas A&M Veterinary Medical Diagnostic 
Laboratory (TVMDL), 483 Agronomy Rd, 
College Station, TX 77843, USA. 
https://tvmdl.tamu.edu/ 

 
JPC Diagnosis: 
Exoskeleton and gills: Dermatitis and 
branchitis, ulcerative, hemocytic, chronic, 
multifocal, moderate, with melanization and 
cuticular epithelial hyperplasia, vasculitis, 
and intraphagocytic and extracellular bacte- 
ria. 

 
JPC Comment: 
This week’s moderator, Dr. Elise LaDouceur, 
editor of the recently published textbook In- 
vertebrate Histology, described the inverte- 
brate immune system, which lacks an adap- 
tive arm and features hemocytes as the effec- 
tor cell in most species. In crustaceans and 
other arthropods, hemocytic recognition of 
pathogen- or damage-associated molecular 
patterns leads to adhesion, degranulation, and 
phagocytosis, or for larger pathogens, encap- 
sulation or nodulation with subsequent 
melanization. The last step leads to formation 
of reactive oxygen and nitrogen species and 
is the underlying cause of the eponymous 
“black spots” in this syndrome. 

 
Chitin is a biopolymer which makes up 70% 
of the organic fraction of crustacean exoskel- 
etons and is rapidly degraded by microbes af- 
ter crustacean molting or death.14 Chi- 
tinolytic bacteria travel along a chitin oligo- 
saccharide gradient, adhere to and form bio- 
films on chitinous surfaces, express chitin 
catabolic cascade genes, and produce chi- 
tinase and beta glucosaminidases responsible 
for chitin breakdown.14 These mechanisms 
allow the bacteria to use chitin as a source of 
nitrogen and carbon, which are absorbed 
through chitoporins.14 
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The healthy cuticle of crustaceans is resistant 
to such chitinolytic activity because the most 
superficial layer – the epicuticle – is nonchi- 
tinous and composed primarily of proteolipid 
material.12 Disruption of the epicuticle may 
be mediated by trauma or abrasion, as men- 
tioned by the contributor, or by lipolytic ac- 
tions of other microbes.12 Older crustaceans 
are more susceptible to degradation as they 
molt and replace their exoskeleton less fre- 
quently.14 Once the epicuticle is disrupted, 
the chitinous pro-cuticle is exposed and can 
be colonized by chitinolytic bacteria, which 
are usually part of a mixed population of mi- 
crobes which may produce other enzymes, 
scavenge liberated nutrients, or prey on other 
microbes.14 

 
As the contributor describes, severe lesions 
can lead to secondary hemocoelic invasion 
and septicemia. Internal lesions associated 
with SDS were previously described in a 
study of shell-disease affected edible crabs, 
Cancer pagarus.12 In the gills, there were he- 
mocytic infiltrates and nodules which fre- 
quently occluded the hemal sinuses, the thin 
epithelium was occasionally breached and 
sealed by melanized hemocytic plugs, and 
nephrocytes at lamellar tips were swollen 
with abundant dark brown material within a 

central cytoplasmic vacuole.12 Hepatopan- 
creatic tubules exhibited variable necrosis 
and hemocytic nodules in hemal spaces.12 

Hemocytic nodules were also observed in the 
heart.12 In general, the severity of the internal 
lesions mirrored the extent of the shell le- 
sions.12 
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CASE III: 

 
Signalment: 
5 year old, female, African spurred tortoise, 
Geochelone (Centrochelys) sulcata, C. sul- 
cata 

 
History: 
Animal kept as pet by a private. No infor- 
mation regarding general state of health, past 

medical history and gross post mortem find- 
ings were given by the referring private vet- 
erinary practitioner. Only a formalin fixed 
liver was submitted for histology. 

 
Gross Pathology: 
The liver was moderately increased in vol- 
ume, with rounded margins and diffusely 
brown to yellow in color. On the surface and 
in cross-section, multiple to confluent, round 
and white to yellow lesions was present (mul- 
tifocal necrotizing hepatic foci). The lesions 
are smooth with moderately irregular mar- 
gins and are surrounded by a hyperemic halo. 
In cross section, hemorrhages are present in 
the center of the necrosis. The consistency of 
the liver is markedly reduced, and the organ 
is friable to the manipulation. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
Liver: Approximately 30% of the hepatic pa- 
renchyma is characterized by multifocal, ran- 
dom, 1-3 mm in diameter, irregularly nodu- 
lar, areas of necrosis and heterophilic-histio- 
cytic inflammation. 

 
The centre of the lesions is composed of 
abundant basophilic granular karyorrhec- 

 
 

Figure 3-1. Liver, tortoise. There are multifocal to coa- 
lescing areas of necrosis within the liver. (Photo cour- 
tesy of: DIMEVET-Anatomical Pathology Section, Uni- 
versity of Milan.) 
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Figure 3-2. Liver, tortoise. A large area of coagulative 
necrosis rimmed by an area of hemorrhage and necrosis 
is present at left. (HE, 5X) 

tic/necrotic debris with complete loss of cel- 
lular details (lytic necrosis) admixed to in- 
tensely eosinophilic, shrunken hepatocytes 
with lysed nuclei (coagulative necrosis). Ele- 
vated numbers of both viable and degener- 
ated heterophils with karyolitic nuclei can be 
seen admixed with the necrosis and at the pe- 
riphery of the necrotic foci that are multifo- 
cally also associated at the periphery with a 
lightly eosinophilic fibrillary, finely beaded, 
meshwork (fibrin). 

 
At the periphery of the necrotic foci, sur- 
rounding and invading vessel walls and occa- 
sionally in the cytoplasm of macrophages 
variable numbers of oval (15-30 µm in diam- 
eter) protozoal structures can be seen. Para- 
sites have a distinct cell membrane, a finely 
granular to vacuolated cytoplasm, and a sin- 
gle nucleus with marginated chromatin and a 
lightly basophilic central karyosome (amoe- 
bic trophozoites). 

 
The hepatic parenchyma is multifocally char- 
acterized by swollen hepatocytes, with gran- 
ular to clear cytoplasm (vacuolar/hydropic 
degeneration). Multifocally in the cytoplasm 
of hepatocytes, yellow-greenish granular pig- 
ment (bile stasis) is evident. 

 
Fibrin thrombi occasionally entrapping 
trophozoites are visible in vascular lumens 
with endothelial cell necrosis. Diffusely si- 
nusoidal hyperemia is present. 

Contributor’s Morphologic Diagnoses: 
Liver: severe, multifocal to coalescing, ran- 
dom, acute to subacute necrotizing hepatitis 
and vasculitis with perivascular and intrale- 
sional trophozoites consistent with Entoa- 
moeba spp. 

 
Contributor’s Comment: 
Entamoeba invadens is the most important 
amoeba species infecting reptiles.6,14,18 This 
protozoan parasite belongs to the phylum 
Sarcomastigophora, subphylum Sarcodina 
(Rhizopoda), order Amoebida, family Enta- 
moebidae, genus Entamoeba and is similar 
morphologically to Entamoeba histolytica. 
Although, E. invadens may be the main para- 
site involved in reptile pathology, other Enta- 
moeba species, such as E. terrapinae, E. in- 
solita, E. barreti, E. testudinis and E. 
ranarum, can also infect reptiles8. 

 
E. invadens is a common commensal parasite 
of different free-ranging reptiles including 
snakes, crocodilians, turtles, tortoises, and 
lizards.18 Turtles, tortoises, and crocodiles 
are considered reservoir species for E. in- 
vadens. Herbivorous tortoises harbor the par- 
asite and only occasionally demonstrate clin- 
ical signs.6,11 The mechanism of this re- 
sistance is unknown. Based on data available 
for Acanthamoeba, it is possible that some 
types of sugars (mannitol and glucose) can 
prevent the adhesion of the trophozoite to the 
mucosal surface. Among tortoises, giant tor- 
toises (Geochelone spp.)11 and the northern 
map turtle (Graptemys geographica)17 seem 
to be more susceptible. Snakes which de- 
velop amebiasis are Boidae (boas), Pythoni- 
dae (pythons), Crotalidae (crotalids), El- 
apidae (colubrids), and Viperidae (vipers). 
Snakes resistant are greater snake and north- 
ern black racers. All the crocodile seems to 
be immune to E. invadens.4 The presence of 
carnivorous reptiles resistant to the infection 
has been associated with the evolutionary 
strategy to feed with snakes.4 Among lizards, 
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Figure 3-3. Liver tortoise. Areas of necrosis contain numerous extracellular amebic trophozoites. (HE, 280X) 

Varanidae (monitor lizard) seems to be the 
most susceptible species. The onset of clini- 
cal signs in resistant animals has been corre- 
lated with stress, age and immunosuppres- 
sion.8 

 
Hepatic amoebiasis in tortoises is rare and an 
outbreak of severe entero-hepatic disease 
with duodenal involvement seems to have 
been reported once.9 In snakes and lizards, E. 
invadens is responsible for a severe epizootic 
disease characterized by necro-hemorrhagic 
gastroenteritis, colitis, or entero-hepatitis. 
Occasionally, the parasite can invade the 
bloodstream and reach other organs causing 
extraintestinal complications. Atypical ame- 
biasis manifesting as myositis and ulcerative 
dermatitis has been reported in a common 
water monitor lizard (Varanus salavtor).2 

 
E. invadens has a worldwide distribution2, 
with a life cycle characterized by two mor- 

phologically different stages, a motile troph- 
ozoite stage (vegetative form) and a cystic 
stage (resistant form). Because of the protec- 
tion conferred by their walls, amebic cystic 
forms can survive days to weeks in the envi- 
ronment. In asymptomatic carriers, trophozo- 
ites are confined to the intestinal lumen (non- 
invasive infection). In some animals, tropho- 
zoites acquire invasiveness, infiltrating the 
intestinal wall and the biliary ducts, inducing 
the enteric form (intestinal disease) or the 
systemic form (extraintestinal disease). In 
snakes and lizards, the liver is considered the 
major extraintestinal target organ.7 In snakes, 
invasion of lungs, spleen, pancreas, kidneys, 
and subcutaneous tissues occurs via hema- 
togenous route.9 

 
The èathogenic transformation of the tropho- 
zoite into an invasive parasitic form has not 
been elucidated for E. invadens. Although a 
parallel with the pathogenesis of E. histo- 
lytica in human beings has been hypothesized 
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explaining the different forms via the recog- 
nition of different parasite strains.19 

 
The parasite has an oro-fecal cycle, mature 
amoebal cyst are ingested with contaminated 
water, food or arthropod vectors (flies, 
roaches). Excystation occurs in the small in- 
testine with the release of a trophozoite char- 
acterized by four nuclei that after division 
produce four trophozoites with a single nu- 
cleus. Each of these 4 zoites divides in 2, pro- 
ducing a total of 8 trophozoites (amebulae). 
Trophozoites are the mobile and labile form 
of the parasite and are capable of migrating 
in the large intestine. Proteolytic enzymes 
(glycosidases such as galactosidase, manno- 
sidase, fucosidase and others) produced by 
trophozoites disrupt the mucous barrier and 
parasites are able to attach to the gastrointes- 
tinal epithelium. The trophozoite first ad- 
heres to the intestinal mucin layer and to epi- 
thelial cells by a surface Gal/GalNAc-spe- 
cific lectin (adhesin), and releases pore-form- 
ing polypeptides called amoebapores that are 
small potent peptides able to induce lysis of 
host cell membrane resulting in intracellular 
calcium elevation and eventual cell death. 

After the epithelial cells are lysed, there is co- 
lonic gland invasion and cysteine proteases 
degrade the extracellular matrix so that troph- 
ozoites burrow into lamina propria invading 
the submucosa5. In the large intestine tropho- 
zoites start dividing by binary fission produc- 
ing cysts released in the environment. In hu- 
mans, amoebic liver abscess (amoeboma, 
ALA=Amebic liver abscess) is the most fre- 
quent extraintestinal manifestation of E. his- 
tolytica infection. The liver can be infected 
by two ways, by common biliary duct inva- 
sion (continuity ascending route), or by portal 
vein invasion (thromboembolic route). 

 
Virulence factors involved in ALA develop- 
ment include those necessary for complement 
resistance (PPGs), ROS resistance (peroxire- 
doxin), lysis (CPs and amoebapores), and cell 
adherence (notably, KERP1 and the Gal/Gal- 
NAc lectin).17 

 
In a recent study on E. histolytica pathogene- 
sis, amoebae were demonstrated to kill by 
biting off and ingesting distinct fragments of 
viable cells. The internalization of bites of 
living human cells is reminiscent of trogocy- 

 
 

 
Figure 3-4. Liver, tortoise. Higher magnification of trophozoites (arrows). (HE, 527X) 

235



tosis (Greek trogo–, nibble) observed be- 
tween immune cells, but amoebic trogocyto- 
sis differs since it results in death.13 

 
Clinical signs associated with amoebiasis in 
reptiles include anorexia, weight loss, mucoi- 
dal or hemorrhagic diarrhea, dehydration, 
and death after weeks or month of illness. 
Sudden death is also commonly re- 
ported.4,16,11 

 
Typical gross findings are thickening of the 
gastrointestinal wall, with ulcerative and ne- 
crotizing colitis in snakes and duodenitis in 
turtles. Lesions can extend to other parts of 
the gastrointestinal tract.2,9 Tubular organs 
can have transmural ulceration. Ulcers may 
be flask shaped, with a narrow neck and 
broad base. The lumen of the intestine is 
filled with blood, necrotic debris, and mucus. 
Extraintestinal lesions are secondary to the 
intestinal infection, and all organ systems can 
potentially be affected. The lesions start as 
abscesses evolving in necrotizing lesions 
centered on blood vessels.2 Secondary bacte- 
rial infections are commonly found in liver 
and gastrointestinal tract. 

 
Typical histological findings are necro-hem- 
orrhagic lesions in all organs affected. Usu- 
ally, amoebae can be found admixed to the 
necrotic debris. E. invadens trophozoites 
range from 10 to 21 µm (intestine: 12-19 x 

10-13 µm, liver: 13-21 x 11-18 µm).9 Nu- 
cleus is 3-5 µm in diameter, round and pe- 
riphery located. A single central endosome is 
present, and it is 0.6-1 µm. E. invadens cysts 
range from 11 to 20 µm and have four nuclei. 

 
Ultrastructurally,3 trophozoite cytoplasm is 
filled by numerous, variably sized vacuoles. 
Vacuoles are surrounded by an electron 
dense membrane and contain starch granules 
and bacteria (food vacuoles). Cytoplasmic, 
irregularly shaped, electron dense aggregates 
of 200 nm are associated with the food vacu- 
oles and the nucleus (chromatoid particles). 
Inside the nucleus, a single electron dense nu- 
cleolus is usually present. Cyst cytoplasm can 
be divided into two areas, one electrondense 
adjoining the nuclei and around the cell wall 
and containing vacuoles, and one electrolu- 
cent, in between, containing glycogen. The 
chromatoid particles present in the cyst, are 
usually aggregated in large crystalline struc- 
tures (chromatoid bodies).3 

 
Gross and histopathological finding are dis- 
tinctive and mostly diagnostic, additional di- 
agnostic tools are: fecal flotation, histochem- 
ical stains (PAS staining-purple, GMS stain- 
ing-black, and Heidenhain’s iron strain for 
chromatin), immunohistochemistry, indirect 
immunofluorescence and PCR.1,18 

 
Other infectious agents causing hepatic ne- 
crosis and hepatitis in tortoises include: Her- 
pes viruses10 (i.e. tortoise herpesvirus type 1 
and 2- responsible for sudden death, upper 
respiratory disease, hepatic disseminated ne- 
crosis and intranuclear eosinophilic inclusion 
bodies; siadenovirus16 (systemic infection, 
intranuclear basophilic to amphophilic inclu- 
sion bodies in hepatocytes and non suppura- 
tive hepatitis), Iridoviruses (i.e. gen. Ra- 
navirus: disseminated hepatic necrosis, baso- 
philic inclusion bodies, vasculitis)10; Bacte- 
ria, mostly in septicemic infections or follow- 
ing a primary viral disease (i.e. Aeromonas  

Figure 3-5. Liver tortoise. Amebic trophozoites are 
densely PAS-positive. (PAS, 200X) 
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spp. Escherichia coli, Pasteurella testudinis, 
Morganella morganii, Serratia marcescens 
Chlamydophila spp.10 and Fungi causing sis- 
temic mycoses such as Aspergillus, Paeci- 
lomyces, and Penicillium spp. can sporadi- 
cally induce hepatic lesions.10 

 
Contributing Institution: 
DIMEVET-Anatomical Pathology Section 
Via Celoria 10 
20133 Milano, Italy 

 
JPC Diagnosis: 
Liver: Hepatitis, necrotizing and embolic, 
focally extensive, marked, with vasculitis and 
numerous amoebic trophozoites. 

 
JPC Comment: 
A variety of pathogenic and commensal En- 
tamoeba spp. infect the gastrointestinal tract 
of vertebrates and invertebrates, and the con- 
tributor provides a thorough summary of En- 
tamoeba infection in reptiles. In addition to 
E. invadens, snakes may rarely be susceptible 
to another Entamoeba species – Entamoeba 
ranarum, which typically infects but rarely 
causes disease in amphibians.12,14 There have 
been two published reports of E. ranarum 
infection causing necrotizing colitis in 
snakes; one in a ball python, and one in a boa. 
While both cases had colitis similar to that 
caused by E. invadens, neither featured 
spread to other organs, such as the liver.12,14 

In one case, the snake had previously been 
housed with frogs, so fecal-oral transmission 
is hypothesized. 12 

 
Another Entamoeba afflicting amphibians 
has recently been identified in invasive cane 
toads (Rhinella marina) in Australia. These 
amphibians were introduced in 1935 as an 
unsuccessful means to control beetles 
consuming sugar cane crops and now inhabit 
a range of over 1 million square kilometers.16 

In 2014, researchers discovered the novel 
Entamoeba during an outbreak of severe 

colitis and high mortality in cane toads in one 
region of northern Australia. PCR and 
subsequent sequencing illustrated its close 
relation to both E. ranarum and E. invadens 
and lead to its classification is Entamoeba sp. 
CT1.20 Affected toads had either no gross 
lesions or mild prominence of vasculature 
and thickenning of intestinal walls. 
Histologically, all affected toads had some 
degree of colitis, with the most severe cases 
featuring deep ulcers with edema and 
fibrosis. Entamoeba trophozoites were 
associated with the affected mucosal 
epithelium and ulcers, but there was no 
evidence of spread outside the 
gastrointestinal tract.20 Subsequent research 
to evaluate the impact on native frog species 
has demonstrated a prevalence of 
approximately 24% in cane toads in the same 
region and no identification of the parasite in 
any of the 11 tested native frog species.16 

While the authors acknowledge that 
intermittent shedding, sample degradation, 
and testing limiations may have affected the 
abiilty to isolate the parasite, the results are 
encouraging for native species and anuran 
conservationists.16 
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CASE IV: 

 
Signalment: 
9-year-old, female, Crawl Cay Boa (Boa im- 
perator) 

 
History: 
This animal was the only affected animal 
from a small, multi-species, zoological col- 
lection which presented with anorexia for the 
preceding 7 months, with gradually progres- 
sive weight loss resulting in a thin body con- 
dition at presentation. 
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Gross Pathology: 
There was a 20cm x 10cm fluid filled struc- 
ture within distended the mid-coelomic cav- 
ity which corresponded to an approximately 
20cm long segment of jejunum which was 
markedly dilated up to approximately 10cm 
diameter. At this site, on the intestinal muco- 
sal surface were numerous, white, raised nod- 
ules measuring up to approximately 1mm x 
5mm which were interspersed by multifocal, 
firm, larger masses measuring up to 2cm di- 
ameter and forming multifocal papilliform 
projection which protruded into the intestinal 
lumen. At the aboral end of this segmental di- 
lation there was an approximately 10 cm long 
segment of the intestine which was distorted 
and had ‘telescoped’ into the more distal in- 
testine, forming an intussusception. 

 
Laboratory Results: 
Immunohistochemistry: CD3 negative, 
CD20 negative and Iba-1 positive. In-situ hy- 
bridisation: Boa CD20 negative. 

 
Microscopic Description: 
The intestine at the level of the intussuscep- 
tion was markedly expanded and transmu- 
rally effaced by an expansile, multilobulated, 
unencapsulated and poorly demarcated pro- 
liferation of neoplastic, monomorphic round 
cells forming sheets supported by a fine fi- 
brovascular stroma. These variably formed 
frond like projections, coalescent polypoid 
masses or locally expanded the lamina pro- 
pria. These cells were up to approximately 25 
µm diameter (3-4 x the diameter of an eryth- 
rocyte), with distinct borders and a large 
amount of eosinophilic cytoplasm. The nu- 
clei were round to oval, central to eccentri- 
cally positioned, with euchromatic and stip- 
pled to vesicular chromatin and frequent 
large nucleoli. There was moderate anisocy- 
tosis and anisokaryosis with 10 mitotic fig- 
ures per 2.37 mm² (equivalent to 10 high 
power fields; hpf; x400 magnification), some 
of which were bizarre in form. Occasionally, 

in multifocal areas, these cells were expanded 
by increased, clear intercellular spacing (in- 
tercellular oedema). The epithelium was mul- 
tifocally ulcerated with replacement by eo- 
sinophilic, homogenous material (fibrin), de- 
generate heterophils, sloughed necrotic epi- 
thelial cells, eosinophilic and karyorrhectic 
debris, and swathes of basophilic. In other ar- 
eas, there was slight piling up of epithelial 
nuclei (hyperplasia; attempted regeneration). 

 
Contributor’s Morphologic Diagnoses: 
Intestinal histiocytic sarcoma with secondary 
intussusception. 

 
Contributor’s Comment: 
The features in this consisted of a coelomic 
dilation corresponding to a large intestinal di- 
lation and associated intussusception. Micro- 
scopic examination revealed extensive ef- 
facement of the intestinal mucosa by sheets 
of neoplastic round cells, which were 
strongly Iba-1 positive, indicative of a histio- 
cytic sarcoma at this site. Considering the 
lack of additional lesions, this intussuscep- 
tion was most likely secondary to this neo- 
plasm. 

 

 
Figure  4-1.   Intestine,  boa.   One  section  of intestine, 
markedly expanded by a  round cell neoplasm,  is  sub- 
mitted for examination. (HE, 5X) 
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Intestinal intussusception is clinically de- 
fined as the telescoping of one segment of di- 
gestive tract into the lumen of an adjacent 
segment, forming an inner intussusceptum 
and surrounding intussuscipiens. This forms 
a distended segment of intestine, with signif- 
icant vascular compression resulting in pro- 
gression to ischaemic necrosis of both the in- 
tussusceptum and intussuscipiens 

 
Histiocytic sarcoma itself has only been 
rarely reported in boa species, with a single 
case identified in both a rosy boa (Lichanura 
trivirgata) and a boa constrictor (Boa con- 
strictor), whilst an additional single histio- 
cytoma was identified in a rainbow boa 
(Epicrates cenchria).4,5 Similarly, histiocytic 
neoplasms have been only rarely identified in 
other snake species including single reports 
in a common garter snake (Thamnophis 
sirtalis) and bull snake (Pituophis catenifer 
sayi), though it was not stated in these cases 
if any additional confirmation such as im- 
munohistochemistry was performed.5,15 

 
Only a small number of published case re- 
ports have described intussusception second- 
ary to other neoplasms in snakes, including 

T-cell lymphoma and myeloid leukaemia in 
boa constrictors and a non-characterised 
round cell tumor in an Australian sea snake 
(Hydrophis major).6,8,13 Similarly, only small 
numbers of published reports describe non- 
neoplastic causes of intussusception in 
snakes, including idiopathic intussusception 
in a pine snake (Pituophis melanoleucus) and 
intussusception secondary to cryptosporidio- 
sis in a corn snake (Pantherophis gutta- 
tus).1,16 

 
Differentiation of histiocytic tumors from 
other round cell lineages is often challenging 
in snakes, particularly in comparison to lym- 
phoid proliferations, which often share simi- 
lar morphological features.5 Furthermore, 
consistent immunohistological phenotyping 
of neoplasms is challenging in reptiles due to 
the lack of established antibody markers, pre- 
venting accurate and reliable immunopheno- 
typing.13 

 
Intussusception is a rare but recognized com- 
plication of round cell tumors in other spe- 
cies, including humans.2,9 Similarly to veter- 
inary species, there are only limited individ- 
ual case reports in human medical literature 

 

 
Figure 4-2. Intestine, boa. Villi are markedly expanded by sheets of neoplastic round cells. (HE, 29X 
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Figure 4-3. Intestine, boa. Small to moderate numbers 
of neoplastic cells infiltrate the overlying remnant mu- 
cosal epithelium. (HE, 381X) 

of histiocytic sarcoma associated intussus- 
ception.12 

 
Contributing Institution: 
Easter Bush Pathology – Royal (Dick) 
School of Veterinary Studies. 
https://www.ed.ac.uk/vet/services/easter- 
bush-pathology 

 
JPC Diagnosis: 
Intestine: Lymphoma. 

 
JPC Comment: 
While a less specific diagnosis of round cell 
tumor was considered, conference partici- 
pants ultimately favored a diagnosis of lym- 
phoma based on the histologic appearance of 
neoplastic cells which had scant cytoplasm 
and a generally round nucleus. Immunohisto- 
chemical evaluation conducted by the JPC 
was consistent with B-cell lymphoma. Most 
neoplastic cells had strong neoplastic immu- 
noreactivity for PAX-5, a B cell marker, with 
few infiltrating T cells positive for CD-3 and 
IBA-1 highlighting few cells with dendritic 
morphology, consistent with tumor associ- 
ated macrophages. Dr. LaDouceur, this 
week’s moderator and author of the Reptile 
Neoplasia chapter in Noninfectious Diseases 
and Pathology of Reptiles, explained that 
successful B cell markers are difficult to find 
in reptiles, and PAX-5 and BLA-36 provide 
the most utility. The presence of few cells 
with basophilic cytoplasmic granules lead to 
brief consideration for a metastatic chroma- 

tophoroma; however, there was metachro- 
matic staining to the granules on Giemsa, 
identifying the cells as mast cells and likely 
part of inflammation secondary to mucosal 
ulceration. 

 
In several studies of neoplasms in snakes, 
malignancies far outnumber benign tumors, 
ranging from 70 to 80% of all diagnosed ne- 
oplasms.3,10,15 In general, hematopoietic neo- 
plasia, specifically lymphoma, is the most 
common neoplasm in snakes, though there is 
some variation between reports, presumedly 
due to variation in species composition in 
various collections.7,10,15 As in other species, 
lymphoma in snakes may be multicentric and 
form discrete masses or diffuse organomeg- 
aly with or without a leukemic component. 

 
The histomorphology may appear plasmacy- 
toid or histiocytoid, making immunohisto- 
chemical often necessary to confirm an un- 
common diagnosis of histiocytic sarcoma.7 

Other common neoplasms in snakes include 
soft tissue sarcomas, renal adenocarcinomas, 
fibrosarcomas, and melanomas.5 

 
Another differential to consider cases of his- 
tiocytic or granulomatous inflammation in 

 
Figure 4-4. Intestine, boa. High magnification of neo- 
plastic round cells. (HE,648X) 
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Figure 4-5. Neoplastic cells demonstrate strong nuclear 
immunoreactivity for PAX-5. (anti-PAX-5, 276X) 

 
snakes is atypical or nontuberculous Myco- 
bacterium infection, which causes histio- 
cytic, granulomatous, or occasionally hetero- 
philic inflammation in snakes.11,14 Estimates 
of the prevalence of Mycobacterium in snake 
collections vary based on management prac- 
tices from 0.1% to up to 30%.11 Mycobacte- 
rial infections cause diffuse or multifocal in- 
flammatory infiltrates which can appear as 
gray to white masses in the subcutaneous tis- 
sue and visceral organs, with the pulmonary 
system most commonly affected.11 Acid fast 
staining, such as Ziehl-Neelson and Fite Far- 
raco, can be used to identify the organisms, 

 

Figure 4-6. Few cells stain for IBA-1, including tingible body mac- 
rophages and infiltrating histiocytes. The neoplastic population 
is non-staining. (anti-IBA-1, 244X) 

which may be rare or abundant, though occa- 
sionally the bacteria can be visualized on 
H&E or Gram staining.14 
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WSC 2022-2023 Self-assessment. 
Conference 11 

 

1. True or false?  Aggregata sp. infections most commonly affect the gills of octopi. 
a. True 
b. False 

 
2. Which of the following anatomic sites are often affected first with black shell disease? 

a. Gills 
b. Joints 
c. Setal pores 
d. Ocular stalks 

 
3. Which of the following lizards is most susceptible to infection with Entamoeba invadens? 

         a.  Monitor lizard 
         b.  Tuatara 
         c.   Green iguana 
         d.   Bearded dragon 
 

 
4. Entamoeba invadens results in necrosis of cells as a result of the liberation of? 

a. Perforins 
b. Galactosidase 
c. Nitric oxide 
d. Lipopolysaccharide 

 
5. True or false? The receiving intestinal segment in an intussusception is called the 

intussuscipiens. 
a. True 
b. False 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
4 years-old, female, goat (Capra hircus), un- 
specified breed. 

 
History: 
The sample was submitted by a general prac- 
titioner and little information is available re- 
garding the clinical history. This goat was 
pregnant and was one month away from par- 
turition. Anorexia was reported. 

 
Gross Pathology: 
Kidneys are described by the practitioner as 
pale and swollen, with irregular white foci. 
Other reported findings are mesenteric lymph 
nodes with a caseous and mineralized con- 
tent. Only kidneys were submitted for histo- 
pathological analysis. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
Almost all glomeruli are affected by one or 
more of the following changes: 

- Variable thickening of the glomerular 
capsule with fibroblastic prolifera- 
tion; 

- Marked thickening of glomerular 
basement membrane with moderate 
increased in mesangial cellularity 
(membranoproliferative glomerulo- 
nephritis); 

- Adhesions between the glomerular 
tufts and the capsule (glomerular syn- 
echiae); 

- Extraglomerular proliferation of spin- 
dle cells admixed with fibrin around 
glomerular tufts, resembling glomer- 
ular crescents; 

- Glomerular congestion and/or hemor- 
rhages; 

- Eosinophilic granular materiel (pro- 
tein exudation) and/or hemorrhages 
within the urinary space; 

- Shrunken and fibrotic glomeruli 
(global glomerulosclerosis). 

 
These changes affect almost all glomeruli 
(diffuse changes) and usually the entire glo- 
merular tuft (global changes). 

 
 
 
 

Figure 1-1. Kidney, goat. A single section of kidney is 
submitted for examination. Tubular dilation and lu- 
minal hypercellularity. (HE, 5X) 
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Figure 1-2. Kidney, goat. Glomeruli exhibit expansion of capillary walls and mesangium, mesangial hypercellularity, sy- 
nechiation, crescent formation, and marked periglomerular fibrosis. The surrounding interstitium is expanded by fibrosis, 
tubules are mildly atrophic and there is interstitial lymphoplasmacytic inflammation. (HE, 364X) 

Also affected are tubules showing a combi- 
nation of changes: thickened basement mem- 
brane; epithelial atrophy; tubular dilation 
with eosinophilic protein casts, degenerate 
neutrophils and/or eosinophilic granular de- 
bris; mineralization of basement membranes, 
especially in the medulla; rare crystals (likely 
calcium oxalate crystals). 

 
The interstitium is moderately expanded by 
fibrosis and/or infiltration by lymphocytes 
and plasma cells. 

 
Contributor’s Morphologic Diagnoses: 
Glomerulonephritis, membranoproliferative, 
diffuse, global, marked, chronic, with global 
glomerulosclerosis, lymphoplasmacytic in- 
terstitial nephritis, tubular atrophy and tubu- 
lar casts. 

 
Contributor’s Comment: 
The case is interesting as it shows a constel- 
lation of renal elementary lesions. Glomeru- 
lonephritides can be defined as primary glo- 
merular diseases with secondary tubulointer- 
stitial and vascular changes.2, 4 In this case, 
the proportion of affected glomeruli (more 

than 50%), the proportion of the glomerular 
tuft affected (entire glomerular tuft) and the 
type of glomerular change (thickening of glo- 
merular basement membrane with mesangial 
proliferation) favor a diagnosis of diffuse, 
global, membranoproliferative glomerulone- 
phritis1. An interesting feature is the presence 
of crescent-like structures around glomerular 
tufts that are reminiscent of crescentic glo- 
merulonephritis in humans. Such crescents 
have been described in cases of glomerulone- 
phritis in ruminants.2, 3 

 
Among glomerular diseases, glomerulone- 
phritis is frequent in veterinary medicine and 
are the subject of a rather complex nomencla- 
ture, based on human renal pathology that 
can be difficult to apply routinely to veteri- 
nary pathology cases especially when addi- 
tional techniques (immunofluorescence, 
electron microscopy) are not available. The 
exact cause is generally unknown but im- 
mune-complex deposition secondary to in- 
fections is a likely cause in most cases. In ru- 
minants, Maedi-Visna virus and Bovine Viral 
Diarrhea virus are suspected to initiate im- 
mune-mediated glomerulonephritis.2 
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Despite showing marked renal changes of 
glomeruli, tubules and interstitium, there was 
no clinical sign or gross lesion suggestive of 
renal failure in this animal. Clinically silent 
glomerulonephritis appears to be common in 
ruminants with the exception of the mem- 
branoproliferative glomerulonephritis of 
Finnish landrace sheep that is present at birth 
and caused by deficiency in complement 
component C3. Affected lambs die of renal 
failure around 1-3 months.2 

 
Contributing Institution: 
Ecole Nationale Vétérinaire d’Alfort 
Unité d’Histologie et d’Anatomie Patholo- 
gique, BioPôle Alfort 
Département des Sciences Biologiques et 
Pharmaceutiques 
7 avenue du Général De Gaulle 
94704 Maisons Alfort Cedex 
FRANCE 
www.vet-alfort.fr 

 
JPC Diagnosis: 
1. Kidney: Glomerulonephritis, membranop- 
roliferative, chronic, diffuse, severe with 
crescent formation and periglomerular and 
interstitial fibrosis. 
2. Kidney: Tubular degeneration and necro- 
sis, multifocal, moderate with numerous tub- 
ular casts and intratubular crystals. 

JPC Comment: 
Immune complex deposition can cause dif- 
ferent types of glomerular disease depending 
on where they are deposited. In general, dep- 
osition of immune complexes in the glomer- 
ulus leads to complement activation, mem- 
brane attack complex formation, mast cell 
degranulation, and leukocyte chemotaxis.2 

Activated monocytes and neutrophils cause 
secondary enzymatic and oxidative damage 
to podocytes, endothelial cells, and the 
mesangium.2 Mesangial cells can also pro- 
duce inflammatory mediators such as IL1 and 
arachidonic acid metabolites, initiating in- 
flammation and cause self-induced prolifera- 
tion.2 The end result is an amplifying loop of 
inflammation and proliferation.2 

 
As the contributor mentions, electron mi- 
croscopy and/or immunofluorescence are 
necessary for confirming immune complex 
deposition and differentiating it from other 
conditions with similar histologic appear- 
ances. Special stains such as silver stains (i.e. 
Jones methenamine silver), PAS, and Mas- 
son’s trichrome may be helpful for visualiz- 
ing glomerular basement membrane 
changes.1 

 
Deposition of immune complexes between 
podocytes and the glomerular basement 

 

 
Figure 1-4. Kidney, goat. A Masson’s trichrome demon- 
strates collagen within the glomerular mesangium, ca- 
pillary walls, crescents, and the surrounding interstit- 
ium. (Masson’s trichrome, 400X) 

 
Figure 1-3. Kidney, goat.  A periodic acid methenamine 
silver stain demonstrates the excessive amount of base- 
ment membrane within the mesangium, capillary walls 
and Bowman’s capsule crescents. (PAMS, 400X) 
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Figure 1-5. Kidney, goat. There is a variety of tubular 
changes in the midst of interstitial fibrosis and lympho- 
plasmacytic inflammation, to include ectasia, cellular 
and protein casts, tubular epithelial degeneration, and 
tubular atrophy with loss of visible lumina. 

 
membrane leads to membranous glomerulo- 
nephropathy.1 Changes are minimal early in 
the disease. Later in disease, glomerular 
basement membranes are thickened, and in 
advanced stages, there may be secondary glo- 
merulosclerosis.1 Remodeled glomerular 
basement membrane features spikes and 
holes which can be visualized with silver 
stains such as JMS.1 

 
Immune complex deposition on the luminal 
surface of capillaries leads to membranopro- 
liferative glomerulonephritis.1 Subsequent 
endothelial hypertrophy, mesangial hypertro- 
phy, and/or the presence of leukocytes which 
characteristic hypercellularity of the endo- 
capillary and mesangial compartments.1 Glo- 
merular basement membranes may be thick- 
ened or duplicated, which JMS staining 
demonstrates in this case.1 Secondary 
changes that may occur with membranopro- 
liferative glomerulonephritis include glomer- 
ular synechiae and crescents, as seen in this 
case.1 

 
Immune complex deposition within the 
mesangium leads to mesangioproliferative 
glomerulonephritis, and resulting hypercellu- 
larity is limited to the mesangium.1 

 
While low levels of calcium oxalate crystals 
in the kidney may be an incidental finding in 

any species, the moderator, Dr. Alicia Mo- 
reau, and conference participants remarked 
about the prevalence of crystals within the 
section. Ruminants may ingest oxalates in 
plants such as halogeton, greasewood, rhu- 
barb, and sorrel/dock, or as a mycotoxin in 
moldy feed.5 In general, metabolism of oxa- 
late in the rumen makes ruminants resistant 
to formation of oxalate calculi, but both low 
magnesium diet and low calcium diets can fa- 
vor formation of oxalate urolithiasis.5 Oxa- 
late crystals form in renal vessels and tubules 
and can cause obstruction, trauma, and necro- 
sis of tubular epithelium, which conference 
participants suspected in this case.5 Proximal 
convoluted tubules are most susceptible to in- 
jury due to their high metabolic activity.5 
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CASE II: 
 

Signalment: 
9-year-old, spayed female, Welsh Corgi dog 
(Canis lupus familiaris) 

 
History: 
The patient presented for lethargy, anorexia, 
and labored breathing with 2 days duration. 
On physical examination, the submandibular 
lymph nodes were enlarged and the lungs 
sounded harsh on auscultation. Radiographs 
were unremarkable. The patient’s condition 
worsened and the patient passed away over- 
night. 

 
Gross Pathology: 
Necropsy was performed by the rDVM and 
multiple fixed tissue samples were submitted 
for diagnostic evaluation (necropsy-in-a-bot- 
tle). Gross findings were not provided. 

 
Laboratory Results: 
Results from a complete blood count, blood 
chemistry, and T4 on the day of presentation 
for clinical signs was provided by the rDVM. 
The following abnormalities were noted: 

Analyte Result Reference 
Range 

Units 

WBC 14.4 4.0-15.5 103/uL 
Neutro- 

phils 
12096 
(high) 

2060-10600 /uL 

Mono- 
cytes 

864 (high) 0-840 /uL 

ALP 256 (high) 5-131 IU/L 
BUN 187 (high) 6-31 mg/dL 
Creatinine 11.4 (high) 0.5-1.6 mg/dL 
Phospho- 
rus 

23.6 (high) 2.5-6.0 mg/dL 

Glucose 65 (low) 70-138 mg/dL 
Calcium 13.0 (high) 8.9-11.4 mg/dL 

Cor- 
rected Ca 

13.2   

Magne- 
sium 

3.3 (high) 1.5-2.5 mEq/L 

Sodium 143 139-154 mEq/L 
Potassium 7.2 (high) 3.6-5.5 mEq/L 
Na/K ratio 20 (low) 27-38  

Amylase 1145 (high) 290-1125 IU/L 
Preci- 
sionPSL 

364 (high) 24-140 U/L 

T4 <0.5 (low) 0.8-3.5 ug/dL 

 
Microscopic Description: 
Kidney: The glomeruli are markedly, dif- 
fusely, and globally enlarged by pale, 
smudgy to amorphous, faintly fibrillar, extra- 
cellular eosinophilic material expanding the 
mesangial matrix and obliterating the glo- 
merular tufts. Glomerular capillaries are 
compressed, and the glomerular architecture 
is obscured by the extracellular deposits. 
Bowman’s capsule is occasionally and mildly 
thickened by similar material and rarely sur- 
rounded by a few concentric thin bands of eo- 
sinophilic fibrous connective tissue (fibro- 
sis). Renal tubules are characterized by vari- 
ous changes, including: 1) lumina distended 
by clear space and lined by normal epithe- 
lium, 2) lumina containing granular debris 
and lined by markedly flattened (attenuated) 
epithelium mixed with a few angular and hy- 
pereosinophilic epithelial cells, 3) thinned tu- 
bules lined by plump epithelial cells with an 
open nucleus (regeneration), and 4) epithelial 
cells that are mildly vacuolated and contain 
numerous small eosinophilic protein drop- 
lets. The interstitium is multifocally infil- 
trated by small to modest numbers of lym- 
phocytes and plasma cells. While less distinct 
and severe, the medullary interstitium is 
mildly expanded by similar eosinophilic ma- 
terial described in the glomeruli. 

 

Figure 2-1. Kidney and lung, dog. A section of kidney 
and lung are submitted for examination. At this mag- 
nification, glomeruli and enlarged and hypocellular, 
and there is a focal area of mineralization within the 
medulla. There are no discernable lesions in the lung at 
this magnification. (HE 5X) 
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Figure 2-2. Kidney, dog. Glomeruli are markedly en- 
larged and hypocellular (HE, 33X) 

 

Lung: Alveolar and parenchymal vessels are 
diffusely congested. The alveolar spaces are 
often mildly expanded by clear space and 
contain low numbers of extravasated erythro- 
cytes and fine fibrillary material. In some ar- 
eas, there is a very faint, thin blue and granu- 
lar hue to the lining of the alveolar septa 
(mineralization). 

 
Special staining of the kidney with Congo 
Red and the lung with von Kossa is per- 
formed. Within the kidney, the glomeruli are 
expanded by orange to red material that 
rarely exhibits apple-green birefringence un- 

der polarized light. The presence of Con- 
gophilic material expanding the glomeruli is 
consistent with amyloid. Within the lung, 
multifocally lining alveolar septa and par- 
tially lining small-caliber parenchymal ves- 
sels are thin linear bands of material that stain 
black, consistent with mineral. 

 
Contributor’s Morphologic Diagnoses: 
Kidney: Severe glomerular amyloidosis with 
mild renal tubular degeneration and atrophy, 
and lymphoplasmacytic interstitial nephritis 
with fibrosis 
Lung: Acute pulmonary congestion with al- 
veolar mineralization and damage 

 
Contributor’s Comment: 
Amyloidosis is a disease condition that re- 
sults when amyloid, a proteinaceous material, 
is deposited intercellularly in a variety of tis- 
sues, including the kidneys.3 Amyloid refers 
to a group of insoluble, fibrillary proteins 
with diverse origins but similar structures and 
properties. 10 

 
 

 
Figure 2-3. Kidney, dog. Higher magnification of glomeruli. Glomerular capillary loops and mesangium are markedly ex- 
panded by amyloid, effacing normal architecture. Parietal epithelium is markedly hypertrophic and Bowman’s capsule. 
There is mild fibrosis of the cortical interstitium, tubular degeneration and atrophy, and small aggregates of lymphocytes 
and plasma cells in the interstitium. (HE, 33X) 

250



Three of the most prominent forms of amy- 
loidosis in animals include reactive, immuno- 
globulin-derived, and familial amyloidosis. 
The most common form of amyloidosis is re- 
active systemic amyloidosis, also called sec- 
ondary amyloidosis. It results from AA-amy- 
loid being derived from serum amyloid A 
(SAA), an acute-phase lipoprotein. AA-amy- 
loidosis is often associated with chronic in- 
flammatory disease, persistent infections, or 
neoplasia. Immunoglobulin-derived amyloi- 
dosis, also called primary amyloidosis, is the 
most common form in humans but less com- 
mon in domestic animals. It involves AL-am- 
yloid, which is derived from immunoglobulin 
light chains. 3,10 Familial amyloidosis is an- 
other form of amyloidosis that is most com- 
monly seen in Shar Pei dogs and Abyssinian 
cats.9 

 
Amyloidosis occurs when there is misfolding 
of the progenitor protein. 10 Amyloid proteins 
are arranged in a β-pleated sheet structure. 
This renders amyloid insoluble and resistant 
to proteolysis, allowing it to permanently ac- 
cumulate in tissues.7 In the case of AA-amy- 
loidosis, increased SAA due to inflammation 
coupled with a defect in SAA degradation re- 
sult in the accumulation of misfolded protein 

 

 
Figure 2-4. Kidney, dog. Glomerular amyloid demon- 
strates marked congophilia. (Unfortunately, the un- 
stained sections submitted to JPC were too thin to 
demonstrate birefringence when stained with Congo 
Red.) (Congo Red, 200X) (Photo courtesy of: University 
of Illinois at Urbana-Champaign, Veterinary Diagnostic 
Laboratory, http://vetmed.illinois.edu/vet-re- 
sources/veterinary-diagnostic-laboratory/) 

fibrils. 10 Amyloid damages tissues by caus- 
ing pressure atrophy to adjacent cells. 3 The 
most common site of amyloid accumulation 
in dogs is the kidney where it usually affects 
glomeruli.9 Amyloid is often also deposited 
in the liver, spleen, lymph nodes, and adrenal 
glands. 10 

 
Gross changes associated with renal amyloi- 
dosis include mild renomegaly, pallor, and a 
waxy consistency. 3 Microscopically, amy- 
loid is deposited extracellularly.10 In the kid- 
neys, these deposits are within the mesangial 
area of the glomerulus.3 This results in ex- 
pansion of the mesangium, compressing the 
adjacent capillary loop.4 As amyloid accumu- 
lates, the glomeruli become enlarged and ho- 
mogeneous in appearance.3 In the case of fa- 
milial amyloidosis in Shar Pei dogs, amyloid 
often accumulates in the renal medullary in- 
terstitium.9 In order to differentiate amyloid 
from other extracellular deposits, Congo red 
stain is used. Congo red stains amyloid de- 
posits orange to red with apple-green bire- 
fringence under polarized light.10 

 
As renal amyloidosis is irreversible, it often 
leads to chronic kidney failure. In this case, 
the dog’s serum biochemistry profile indi- 
cated severe azotemia, consistent with kidney 
disease. Additional biochemical findings in 
this case that are likely attributed to chronic 
renal failure include hyperkalemia and hyper- 
phosphatemia. Other clinicopathologic ab- 
normalities of renal failure that were either 
not reported or normal in this case included 
non-regenerative anemia and metabolic aci- 
dosis. Importantly, results of a urinalysis 
were not provided in this case and so pro- 
teinuria, a hallmark of renal amyloidosis, in 
addition to other common urinalysis findings 
seen with chronic renal disease cannot be ex- 
cluded. 

 
A common finding associated with chronic 
kidney failure and renal azotemia is alveolar 
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mineralization within the lungs.6 Often called 
uremic pneumonopathy, mineralization oc- 
curs within the pulmonary interstitium, spe- 
cifically the smooth muscle and connective 
tissue fibers of alveolar septa, veins, and 
bronchioles.2 Although uremic mineraliza- 
tion can be multisystemic, mineral deposition 
often occurs in sites affected by degenerative 
or necrotic tissue damage. Due to this charac- 
teristic and since uremic mineralization can 
occur regardless of serum calcium concentra- 
tion, it is most consistent with dystrophic 
mineralization, as opposed to metastatic min- 
eralization.1 Other alveolar changes associ- 
ated with mineralization include pulmonary 
edema and histiocytosis. Dogs with mineral- 
ization of alveoli may or may not exhibit clin- 
ical signs of respiratory disease.2 

 
Contributing Institution: 
University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory 
http://vetmed.illinois.edu/vet-resources/vet- 
erinary-diagnostic-laboratory/ 

 
JPC Diagnosis: 
1. Kidney: Amyloidosis, glomerular, global, 
diffuse, severe, with tubular degeneration, 
proteinosis, and chronic lymphocytic intersti- 
tial nephritis. 
2. Lung: Mineralization, subpleural, septal, 
and vascular, multifocal, moderate. 

JPC Comment: 
The contributor provides an excellent and 
succinct comment in this classic condition. 
Amyloidosis is a subject of frequent research 
due to its prevalence, diverse presentations, 
and varied composition in multiple species, 
including humans. Differentiating the type of 
amyloid being deposited is critical for under- 
standing the pathogenesis. Traditionally, 
light-chain amyloidosis (AL) has been differ- 
entiated from AA using special stains: AL re- 
tains congophilia when pretreated with potas- 
sium permanganate, while AA loses 
congphilia.5 An additional method to identify 
AL is immunohistochemical staining for 
kappa and lambda light chains.5 Recently, la- 
ser microdissection-liquid chromatography- 
tandem mass spectrometry (LMD-MS) has 
been used to identify the amyloid precursor 
proteins in humans, and a study in dogs and 
cats identified immunoglobulin light chains 
in 17 of 17 extramedullary plasma cell tu- 
mors with amyloid deposition.5 In the same 
study, only 12 of 17 cases showed potassium 
permanganate resistant congophilia, and light 
chains were only detected in 6 of 17 cases.5 

This study demonstrated that LMD-MS may 
be more sensitive than traditional methods 
for identifying light-chain amyloidosis.5 

 
Amyloid signature proteins (ASPs) are pro- 
teins that are deposited with amyloid fibrils 
and are likely involved in the pathogenesis of 
amyloidosis.8 ASPs studied in man include 
serum amyloid P component, which protects 
amyloid fibrils from proteolysis, and various 
apolipoproteins, including ApoE, which af- 
fects the stability and deposition of beta-am- 
yloid.8 ASPs have yet to be studied thor- 
oughly in veterinary species. Recently, im- 
munohistochemistry and LMD-MS were 
used to investigate which ASPs are present in 
three types of amyloidosis in cats; ApoE was 
identified using both methods in 16 of 16 
cases, while SAP was not identified in any 
cases.8 In the previously mentioned study of 

 
Figure 2-5. Kidney, dog. Alveolar septa are multifocally 
expanded by deeply basophilic crystalline mineral, ma- 
ture collagen, and small amounts of edema. There is 
patchy type II pneumocyte hyperplasia  and   increased 
numbers of alveolar macrophages. (HE, 273X) 
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extramedullary plasma cell tumors, IHC ap- 
peared to be more sensitive than LMD-MS, 
which only identified ASPs in 10 of 15 dogs.5 

 
References: 
1. Cardoso PGS, Pinto MPR, Moroz 

LR, et al. Dystrophic Mineralization 
in Uremic Dogs: An Update. Pesqisa 
Veterinária Brasileira. 2019;39: 889- 
899. 

2. Caswell JL, Williams KJ. Respiratory 
System. In: Maxie MG ed. Jubb, Ken- 
nedy, and Palmer’s Pathology of Do- 
mestic Animals. Vol. 2. 6th ed. Phila- 
delphia, PA: Elsevier Saunders. 2016: 
494 

3. Cianciolo RE, Mohr FC. Urinary Sys- 
tem. In: Maxie MG ed. Jubb, Ken- 
nedy, and Palmer’s Pathology of Do- 
mestic Animals. Vol. 2. 6th ed. Phila- 
delphia, PA: Elsevier Saunders. 2016: 
413-415. 

4. Cianciolo RE, Mohr FC, Aresu L, et 
al. World Small Animal Veterinary 
Association Renal Pathology Initia- 
tive: Classification of Glomerular 
Diseases in Dogs. Veterinary Pathol- 
ogy. 2016;53: 113-135. 

5. Kadota A, Iwaide S, Miyazaki S, et al. 
Pathology and Proteomics=Based Di- 
agnosis of Localized Light-Chain 
Amyloidosis in Dogs and Cats. Vet 
Pathol. 2020: 57(5); 658-665. 

6. Le Boedec K, Heng HG, Snyder PW, 
Pressler BM. Pulmonary Abnormali- 
ties in Dogs with Renal Azotemia. J 
Vet Intern Med. 2012;26: 1099-1106. 

7. Mason NJ, Day MJ. Renal Amyloido- 
sis in Related English Foxhounds. 
Journal of Small Animal Practice. 
1996;37: 255-260. 

8. Miyazaki S, Kadota A, Mitsui I, Mu- 
rakami T. Amyloid Signature Pro- 
teins in Feline Amyloidosis. J Comp 
Path. 2020; 117:10-17. 

9. Segev G, Cowgill LD, Jessen S, 
Berkowitz A, Mohr CF, Aroch I. Re- 
nal Amyloidosis in Dogs: A Retro- 
spective Study of 91 Cases with Com- 
parison of the Disease between Shar- 
Pei and Non-Shar-Pei Dogs. J Vet In- 
tern Med. 2012;26: 259-268. 

10. Woldemeskel M. A Concise Review 
of Amyloidosis in Animals. Veteri- 
nary Medicine International. 2012; 
2012: 427296. 

 
CASE III: 

 
Signalment: 
3-month-old castrated male Angus Cross 
(Bos taurus) bovine. 

 
History: 
6 out of 30 calves showed acute clinical signs 
including: bruxism, rapid breathing, dehydra- 
tion, difficulty rising, and difficulty passing 
manure. All animals were normothermic 
(99.5-99.9 F). The herd was pastured in a na- 
tive grass meadow with oak trees. The area 
recently received 3 feet of snow, during 
which the herd sheltered under the oak trees. 
The submitted animal died shortly after being 
tubed with fluids. The referring veterinarian 
submitted kidney, liver and ruminal contents 
to the diagnostic laboratory for evaluation. 

 
Laboratory Results: 
Gallic acid was strongly positive in the sub- 
mitted rumen contents, confirming exposure 
to gallotannins. 

 
Microscopic Description: 
Kidney: Approximately 30% of the cortical 
tubular epithelium is necrotic, characterized 
by loss of cellular detail, rounding of cell bor- 
ders, separation from the basement mem- 
brane, pyknotic nuclei and cytoplasmic hy- 
pereosinophilia. Affected tubules are often 
expanded by brightly eosinophilic granular 
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Figure 3-1. Kidney, calf. A wedge-shaped section of kid- 
ney is submitted for examination. (HE, 5X) 

 

casts composed of cellular debris and mild 
amounts of hemorrhage. Occasionally the 
tubular epithelium is attenuated, mildly vac- 
uolated (degeneration), or hypertrophied with 
moderate anisokaryosis and rare mitotic fig- 
ures (regeneration). Few Bowman’s spaces 
and tubules contain high protein fluid. Multi- 
focally the interstitium is expanded by mild 
fibrosis with infiltration by small aggregates 
of lymphocytes and plasma cells with fewer 
neutrophils. The tunica media of large and 
medium-caliber vessels are mildly vacuo- 
lated. 

 
Contributor’s Morphologic Diagnoses: 
Kidney: Moderate acute/subacute multifocal 
cortical tubular necrosis. 

 
Contributor’s Comment: 
The history, histologic lesion, and presence 
of gallic acid in the rumen are diagnostic for 
oak toxicosis. Multiple species are poten- 
tially susceptible to oak toxicosis including: 
cattle, sheep, goats, llamas, moose, rabbits, 
horses, and pigeons.4, 5, 6, 9, 12, 17, 19 Suspected 
oak toxicosis has been reported in one dog.3 

Tannins leached from oak leaves that fall into 
aquatic habitats are known to be toxic to 

some tadpole species.10 Pigs appear to be re- 
sistant as ingestion increases production of 
tannin-binding salivary proteins.17 

 
Cattle are the most susceptible and most com- 
monly reported species. Cattle develop acute 
tubular necrosis after ingestion of blossoms, 
buds, leaves, stems or acorns from oak shrubs 
and trees (Quercus spp) which grow world- 
wide with case reports in North America, 
Brazil, Spain, Israel and Africa.6, 14, 15, 18, 20 

Consumption of large quantities of young 
oak leaves typically occurs in the spring and 
ingestion of bark or green acorns occurs in 
the fall. Toxic levels vary between plant spe- 
cies, plant component, and stage of plant ma- 
turity.1 The toxicity of the leaf decreases with 
maturity, while the opposite occurs with the 
acorns which are most toxic when mature and 
freshly fallen.16 Cattle frequently forage oak 
components without issue if the oak products 
represent less than 50% of their diet, there- 
fore feed restriction plays a crucial role, as in 
this case with snow coverage removing avail- 
ability of the herd’s regular pasture diet.8 Oak 
is also not considered to be generally palata- 
ble, reinforcing the importance of other feed 
availability to avoid toxicosis. The toxic sub- 
stances are metabolites of tannins which are 
believed to include: tannic acid, gallic acid 
and pyrogallol.2,5 Toxicosis is dose-depend- 
ent and the exact mechanism of renal tubular 
damage is unknown. The binding of tannins 

 
 

Figure 3-2. Kidney, calf: Due to the numerous and di- 
verse tubular changes, there is loss of normal tubular 
architecture in the cortex. There is multifocal intersti- 
tial hemorrhage and a cluster of tubules containing 
granular protein casts (lower right). (HE, 228X) 
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to endothelial cells results in widespread en- 
dothelial damage and can lead to perirenal 
edema, hydrothorax, ascites and dissemi- 
nated intravascular coagulation.5 

 
Clinical signs occur 3-7 days after ingestion 
and mortality can be as high as 80%.20 Clini- 
cal signs related to endothelial damage and 
renal failure are typical and can include pol- 
yuria, polydipsia, hematuria, dehydration and 
sternal edema. Animals may also experience 
abdominal pain, mucoid to hemorrhagic diar- 
rhea, tenesmus, icterus, rumen stasis, ano- 
rexia and depression. Malformed calves and 
abortions have been reported in cows that 
consume acorns during the second trimester 
of pregnancy.11 Clinical pathology findings 
may include increased BUN and creatinine 
concentrations, proteinuria, glucosuria, hy- 
perbilirubinuria, hyperphosphatemia, hy- 
pocalcemia, and hyposthenuria. Other find- 
ings reported include elevated AST, GGT, 
CK, and lactate dehydrogenase, hypoalbu- 
minemia, hypocalcemia and hypopro- 
teinemia.2, 5, 6, 14, 16, 20 

Typical gross findings include swollen, pale 
kidneys with pinpoint hemorrhages on the 
capsular and cortical surfaces, perirenal 
edema and hemorrhage, hydrothorax, ascites, 
and alimentary tract ulceration. Histopatho- 
logical findings within the kidney are charac- 
terized by acute proximal tubular necrosis 
with casts and intratubular hemorrhage. 
Chronic cases develop chronic interstitial ne- 
phritis with fibrosis, atrophy, thinned cortex 
and a finely pitted surface. 2, 5, 6, 14, 15, 16, 20 

 
The diagnosis of oak poisoning is typically 
based on clinical and gross findings, provided 
history and histopathological examination of 
the kidneys. Commercial diagnostic testing 
for tannin metabolites is available for confir- 
mation. Additional differentials for acute tub- 
ular necrosis in cattle include: pigweed (Am- 
aranthus spp) toxicity, aminoglycoside anti- 
biotic toxicity, oxalate poisoning, urolithia- 
sis, heavy metal exposure, and ochratoxico- 
sis, yet tubular necrosis with intratubular 
hemorrhage distinguishes this nephrotoxicity 
from most other causes.5 

 
 

 
Figure 3-3. Kidney, calf. There is multifocal necrosis and loss of tubular epithelium lining proximal convoluted tubules. Tubular 
lumina are filled with granular casts. (HE, 560X) 
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Figure 3-4. Kidney, calf. In additional to necrotic tubules (top center), there are less dramatic changes including numerous 
regenerating tubular epithelial cells with mildly basophilic cytoplasm and open-faced nuclei, and mildly hypercellular glomeruli. 
(HE, 350X) 

 
Contributing Institution: 
Veterinary Diagnostic Laboratory, Colorado 
State University Fort Collins, CO, USA 
 http://csu-cvmbs.colos- 
tate.edu/vdl/Pages/default.asp 

 
JPC Diagnosis: 
Kidney: Tubular degeneration, necrosis, and 
regeneration, diffuse, with intratubular gran- 
ular casts, hemorrhage, and proteinosis. 

 
JPC Comment: 
This is a classic case of oak toxicosis. In ad- 
dition to exogenous toxins so thoroughly de- 
scribed by the contributor, acute tubular in- 
jury (ATI) can also be caused by endogenous 
toxins.5 Massive release of hemoglobin or 
myoglobin from hemolysis or rhabdomyoly- 
sis can cause pigmentary nephrosis. Tubular 
injury in these cases may stem from the toxic 
effects of pigments and secondary factors, 
such as anemia.5 Bile is also nephrotoxic in 
domestic animals.5 In humans, hepatic cir- 
rhosis causes systemic hypotension and renal 
hypoperfusion which lead to tubular injury, 

and bile pigments build up in tubular epithe- 
lium and form bile casts in tubules.5 

 
Acute tubular injury also occurs as part of re- 
nal cortical necrosis; in this condition, all cor- 
tical structures, including glomeruli, are dam- 
aged. Differentials for renal cortical necrosis 
include hypoperfusion, ischemia, endotoxe- 
mia, disseminated intravascular coagulation, 
and certain gastrointestinal disease.5 In some 
cases, distinguishing ATI and renal cortical 
necrosis may be difficult as edema may de- 
crease perfusion and cause concurrent ische- 
mia.5 

 
The ability to recover from ATI is dependent 
on preservation of basement membranes.5 

Jones periodic methenamine silver staining 
and other stains can provide valuable prog- 
nostic information in biopsy cases. 
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CASE IV: 

 
Signalment: 
A 1.6 year-old, female, domestic short hair, 
cat (Felis catus) 

 
History: 
Acute death with no prior clinical signs. 

 
Gross Pathology: 
This is the body of a 4.5 kg, reportedly 1.6 
year-old female domestic short hair with a 
body condition score 6/9 and minimal autol- 
ysis. The apex of the heart is slightly rounded. 
Multiple coronary vessels, especially those in 
the paraconal groove, are segmentally thick- 
ened. There are multiple irregular, depressed 
areas scattered on the renal cortical surfaces 
(chronic infarctions/tubulointerstitial nephri- 
tis). On section, arcuate renal vessels appear 
up to 3mm thick. There are no other signifi- 
cant findings. 

 
Laboratory Results: 

 

Special stains Result 

GMS staining Negative 

PAS staining Negative 

Acid-fast staining Negative 

 
Microscopic Description: 
Kidney: Multiple small to large sized arteries 
are circumferentially obliterated, partially to 
completely occluded and markedly expanded 
by a moderately cellular proliferation of spin- 
dle shaped cells (presumptive smooth muscle 

cells and fibroblasts cells) within the tunica 
intima and media admixed with the pale ba- 
sophilic extracellular matrix. Occasionally, 
there are also foci of myointimal necrosis. 
Multiple dense lymphoid aggregations sur- 
round within the tunica adventitia of these af- 
fected vessels, and there are moderate lym- 
phocytic, histiocytic and neutrophilic infil- 
trates transmurally. Multifocally, the endo- 
thelial lining of the vessels is plump reactive, 
infrequently sloughed off from the basement 
membranes, and lost. The vascular lumens 
also contain numerous lymphocytes, plasma 
cells, and infrequent basophilic karyorrhectic 
debris. Multifocally, the inflammatory reac- 
tions that surrounded the vessels extent to the 
renal interstitial spaces. Multifocally, there is 
a well-delineated regional infarction involv- 
ing the renal cortex to the renal medulla. 

 
Contributor’s Morphologic Diagnoses: 
Kidney: Severe, multifocal, chronic, ne- 
crotizing and pyogranulomatous vasculitis 

 
Contributor’s Comment: 
Histopathology has confirmed severe multi- 
systemic vascular disease that is most pro- 
nounced in the kidney, heart and a mesenteric 
artery. Our primary differential is a ster- 

 

Figure 4-1. Kidney, cat. A wedge-shaped section of kid- 
ney is submitted for examination. There is marked in- 
crease in the size of the arcuate arteries at the cortico- 
medullary junction. (HE, 5X) 
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Figure 4-2. Kidney, artery, cat. There is transmural thickening of the wall of an arcuate artery with marked expansion of the 
tunica intima, media, and adventitia. (HE, 53X 

ile/immune mediated arteritis, perhaps re- 
sembling polyarteritis nodosa (syn. juvenile 
polyarteritis) as seen in other species (ie. 
dogs, cynomolgus macaques, human, rat, 
others). 

 
Polyarteritis nodosa (PAN) is a systemic ne- 
crotizing vasculitis mainly involving small- 
and medium-sized muscular arteries of vis- 
ceral organs.11, 12 The pathogenesis of PAN is 
still poorly understood.11,12 In human, PAN 
has been associated with some virus infec- 
tions including hepatitis B and C viruses, hu- 
man immunodeficiency virus, parvovirus 
B19 and hairy cell leukemia.5,6 An immune- 
mediated vasculopathy is highly suggestive 
due to the infiltrates of histiocytes and CD4+ 
T lymphocytes within the vascular walls.3,5 In 
veterinary medicine, most cases of PAN have 
not been associated with infectious agents. 
However, there are some reports described in 
many species including blue foxes associated 
with encephalitozoonosis, in sheep infected 
with ovine herpesvirus 2 and a streptococcal 
infection has been suspected in pigs.7,8,9 

PAN has been recently reported in a cat and 
in our case, the histopathological findings 
and gross findings resemble to recently de- 
scribed in the cat which includes systemic ne- 
crotizing vasculitis involved the small, me- 
dium and large arteries of the heart, kidneys, 
mesentery.11 In addition to the recent report, 
our case demonstrates intense neutrophilic 
infiltration of the vascular walls.11 

 

Figure 4-3. Kidney, artery, cat. Higher magnification of 
the artery in 4-2. There is partial occlusion of the lumen, 
and at left, pink proteinaceous extruded protein just be- 
neath the remnant endothelium. There is no visible 
lamina intima, with thickening of the tunica intima by 
maloriented infiltrating smooth muscle, abundant 
ground substance, few fibroblasts and collagen and nu- 
merous inflammatory cells. The tunica media and ad- 
ventitia is markedly expanded by fibrosis and inflam- 
matory cells. (HE, 193X) 
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Figure 4-4. Kidney, artery, cat. A Masson’s trichrome 
demonstrates the amount of collagen in the wall of the 
artery (which should be minimal in the normal state). 
(Masson’s trichrome, 200X) 

Some other diagnostic considerations are dis- 
cussed below. Perhaps the best recognized 
vasculopathy in the cat is feline infectious 
peritonitis. Although we have not definitively 
excluded this pathogen, we suggest that the 
histologic picture is not entirely typical of 
this syndrome (ie. morphologic pathology, 
distribution of lesions). Another possibility 
might be severe systemic hypertension, but 
we note that some organs typically affected 
by hypertension are not involved (ie. menin- 
ges, eye). 

 
Contributing Institution: 
Oregon State University Magruder Hall Rm. 
134 700 SW 30th Street Corvallis, OR 97331 
https://vetmed.oregonstate.edu/diagnostic 

 
JPC Diagnosis: 
Kidney: Arteritis, proliferative and necrotiz- 
ing, chronic, diffuse, severe, with cortical in- 
farcts. 

 
JPC Comment: 
While relatively uncommon in cats, systemic 
necrotizing vasculitis is a common back- 
ground lesion in laboratory species, specifi- 
cally mice, rats, beagle dogs, and Gottingen 
minipigs.1,2,4 In mice, polyarteritis can affect 
multiple organ systems and tends to occur in 
strains predisposed to autoimmune diseases, 

such as MRL and NZB strains. In the kid- 
neys, it can cause segmental infarction, simi- 
lar to what was seen in this case.1 Other or- 
gans that may be infected include the tongue, 
pancreas, mesentery, and heart.1 Polyarteritis 
may also affect medium sized vessels around 
the inner and middle ear, causing vestibular 
signs.1 Polyarteritis nodosa is a chronic pro- 
gressive disease of rats and occurs more com- 
monly in rats that are older, male, or Sprague 
Dawley or spontaneous hypertensive 
strains.1,4 Many organ systems can be af- 
fected, including the mesentery, kidneys, and 
testis; however, the lung is spared.1,4 In bea- 
gles, polyarteritis occurs in small to medium 
caliber arteries of the leptomeninges, cranial 
mediastinum, and heart and is characterized 
by lymphoplasmacytic and histiocytic in- 
flammation with fibrinoid necrosis and pos- 
sible hemorrhage.2,4 Previously known as 
beagle pain syndrome for the primary breed 
affected, this condition is now referred to as 
steroid responsive meningitis-arteritis and is 
known to affect other medium and large 
breeds as well.2,4 Affected animals have fever 
and severe spinal pain.2 Spontaneous poly- 
arteritis also occurs occasionally in Gottingen 
minipigs, most commonly in small to me- 
dium caliber vessels in a single or multiple 
organs. Affected sites include the heart, re- 
productive tract (epididymis, oviduct, 
vagina), kidney, rectum, stomach, urinary 

 

 
Figure 4-5. Kidney, artery, cat. The internal and exter- 
nal elastic lamina are not visible on a Movat’s penta- 
chrome. (Movat, 200X) 
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bladder, and spinal cord.4 An important dif- 
ferential to consider in laboratory species 
used in pre-clinical drug safety studies is 
drug-induced vasculopathy, which may be 
induced by vasodilators (minoxidil, endo- 
thelin receptor antagonists), bronchodilators 
(phosphodiesterase inhibitors), and immuno- 
modulatory agents (hydrocortisone, betame- 
thasone).4 

 
References: 
1. Barthold SW, Griffey SM, Percy DH. 

Pathology of Laboratory Rodents and 
Rabbits. 4th ed. John Wiley & Sons, 
Inc: 2016; 98, 99, 156. 

2. Cantile C, Youssef S. Nervous Sys- 
tem. In: Maxie MG, ed. Jubb, Ken- 
nedy, and Palmer’s Pathology of Do- 
mestic Animals. Vol 1. 6th ed. Else- 
vier; 2016: 395. 

3. Cid MC, Grau JM, Casademont J, 
Campo E, Coll‐Vinent B, López‐Soto 
A, Ingelmo M, Urbano‐Márquez A. 
Immunohistochemical characteriza- 
tion of inflammatory cells and immu- 
nologic activation markers in muscle 
and nerve biopsy specimens from pa- 
tients with systemic polyarteritis no- 
dosa. Arthritis Rheum. 
1994;37(7):1055-1061. 

4. Dincer Z, Picciuto V, Walker UJ, 
Mahl A, McKeag S. Sponatneous and 
Drug-Induced Arteritis/Polyarteritis 
in the Gottingen Minipig-Review. 
Tox Pathol. 2018; 46(2):121-130. 

5. Forbess L, Bannykh S. Polyarteritis 
nodosa. Rheum Dis Clin North Am. 
2015;41(1):33-46. 

6. Ishiguro N, Kawashima M. Cutane- 
ous polyarteritis nodosa: a report of 
16 cases with clinical and histopatho- 
logical analysis and a review of the 
published work. J Dermatol. 
2010;37(1):85-93. 

7. Liu CH, Chiang YH, Chu RM, Pang 
VF, Lee CC. High incidence of poly- 
arteritis nodosa in the brains of culled 
sows. J Vet Med Sci. 2005;67(1):125- 
7. 

8. Nordstoga K, Westbye K. Polyarteri- 
tis nodosa associated with nosemato- 
sis in blue foxes. Acta Pathol Micro- 
biol Scand A. 1976;84(3):291-6. 

9. Pesavento PA, Dange RB, Ferreras 
MC, et al. Systemic necrotizing vas- 
culitis in sheep is associated with 
ovine herpesvirus 2. Vet Pathol. 
2019: 56(1):87-92. 

10. Robinson WF, Robinson NA. Cardi- 
ovascular System. In: Maxie MG, ed. 
Jubb, Kennedy, and Palmer’s Pathol- 
ogy of Domestic Animals. Vol 3. 6th 

ed. Elsevier; 2016. 
11. Salvadori C, Vezzosi T, Marchetti V, 

Cantile C. Polyarteritis Nodosa in a 
Cat with Involvement of the Central 
and Peripheral Nervous Systems. J 
Comp Path. 2019;167:6-11. 

12. Wessels M, Strugnell B, Woodger N, 
Peat M, La Rocca SA, Dastjerdi A. 
Systemic necrotizing polyarteritis in 
three weaned lambs from one flock. 
Jour Vet Diagn Invest. 
2017;29(5):733-7. 

261



WSC 2022-2023 Self-assessment 
Conference 12 

 

1. Which of the following viruses have been reported to cause glomerulonephritis in ruminants . 
a. Ovine herpesvirus-2 
b. Bovine pestivirus 
c. Bovine herpesvirus-1 
d. Bovine leukemia virus 

 
2. True or false?  AA-amyloidosis is the most common form in the dog. 

         a.  True 
         b.  False 

 
3. Familial amyloidosis is seen in which breed of dog? 

a. Welsh Corgi 
b. Shar Pei 
c. Dalmatian 
d. Portuguese water dog 

 
4. Pigs are resistant to oak toxicosis due to which of these? 

a. High levels of hepatic cytochrome oxidases 
b. Tannin-degrading gatric mucus 
c. Tannin-binding salivary proteins 
d. Pyrogallol-resistant tubular epithelium 

 
5. True or false? Most cases of polyarteritis nodosa in veterinary medicine result from infectious 

agents. 
a. True 
b. False 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
Two, 8 month old female entire Boer goats 
(Capra hircus) 

 
History: 
A herd of nine goats were kept with a flock 
of sheep in a paddock associated with a 
school agricultural program. The goats 
gained access to an adjacent paddock of 
shrubbed land through a hole in the fence 
which the sheep did not find, and had been 
foraging in this adjacent paddock for approx- 
imately one week. Two goats were found 
dead initially, and a further two became 
acutely lethargic and depressed, and died 
early the following day (these two were sub- 
mitted for necropsy). Within 24 hours, a fur- 
ther three goats had died, leaving one remain- 
ing goat from the herd that was also exhibit- 
ing acute clinical signs. One dead goat was 
found underneath a Trema tomentosa (poison 
peach) tree, and a further two that were ob- 
served beneath the Trema tomentosa subse- 
quently died. A video was submitted of an af- 
fected goat, which showed a standing goat 
with a wide-based stance, salivation/foam 
around the mouth, and twitching of the upper 
lip and eyelids, with apparent unawareness of 
the surroundings. 

 
Plants within the shrubbed area accessed by 
the goats included Trema tomentosa (Poison 
peach), Acacia fimbriata (Brisbane wattle), 

Solanum mauritianum (Wild tobacco), Schi- 
nus terebinthifolius (Broad-leaf pepperina), 
and an unknown species of wattle, (Acacia 
sp.) as identified by a botanist with the 
Queensland Herbarium. 

 
Gross Pathology: 
In one goat, the liver had a generalized, exag- 
gerated reticular pattern, interpreted as peri- 
acinar necrosis. The same goat also had a 
mild pleural effusion and petechial hemor- 
rhages in the subcutaneous tissues of the ven- 
tral neck and serosal surfaces of the rumen 
and small intestine. The second goat ap- 
peared slightly more autolyzed than the first, 
and had no grossly observed pathology. The 
rumen of both goats contained fragments of 
foliage from multiple plants species. 

 

 
Figure 1-1. Presentation, goat. The affected individual 
demonstrated facial twitching and hypersalivation. 
(Photo courtesy of: The School of Veterinary Science, 
The University of Queensland, Gatton Campus, Queens- 
land, Australia 4343, https://veterinary-ser- 
vices.lab.uq.edu.au/). 
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Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
Liver: Diffusely, there is submassive to mas- 
sive necrosis spanning periacinar, midzonal 
and frequently periportal regions. Necrosis is 
characterized by disruption and loss of nor- 
mal hepatic sinusoidal architecture; 
shrunken, fragmented, hypereosinophilic 
hepatocytes with pyknotic, karyorrhectic or 
karyolytic nuclei; or complete loss of hepato- 
cytes, replaced by extravasated erythrocytes 
(hemorrhage) and small amounts of cellular 
and karyorrhectic debris. Multifocal intact 
hepatocytes in periportal areas are swollen 
with vacuolated pale cytoplasm (degenera- 
tion), and rare limiting plate hepatocytes are 
normal. 

 
Contributor’s Morphologic Diagnoses: 
Liver: Severe acute submassive to massive 
hepatic necrosis 

 
Contributor’s Comment: 
Trema tomentosa, formerly known as Trema 
aspera, and colloquially known as poison 
peach, is an evergreen shrub to small tree of 
the family Ulmaceae, which is characterised 

 
 

Figure 1-2. Presentation, goat. The affected individual 
demonstrated a wide-based stance, and its tail was 
curled over its back. (Photo courtesy of: The School of 
Veterinary Science, The University of Queensland, Gat- 
ton Campus, Queensland, Australia 4343, https://vet- 
erinary-services.lab.uq.edu.au/). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1-3. Leaves and fruit of poison peach (Trema tor- 
mentosa). (Photo courtesy of: The School of Veterinary 
Science, The University of Queensland, Gatton Campus, 
Queensland, Australia 4343, https://veterinary-ser- 
vices.lab.uq.edu.au/). 

 
by alternately attached leaves that are ellipti- 
cal- to spearhead-shaped and dark green, with 
finely-toothed edges and hairy upper sur- 
faces; small clusters of greenish-white flow- 
ers in the leaf-stem junctions; and round, 
fleshy, black, 3-4 mm berries.7 Poison peach 
is located on the east and north coasts of Aus- 
tralia, in the states of Victoria, New South 
Wales, Queensland, Northern Territory and 
the north coast of Western Australia.7 

 
The leaves of poison peach contain a toxin 
known as trematoxin, which is an uncharac- 
terised hepatotoxic glycoside, and is reported 
to cause fatal poisoning in cattle, sheep, 
goats, horses, and camels.4,6,9,10 Clinical signs 
of trematoxicosis can include recumbency, 
anorexia, muscle fasciculations, rigid pos- 
ture, reluctance to move, dyspnoea, rapid 
weak pulse, and salivation.5,8,10 On post mor- 
tem examination, all reported cases have he- 
patic necrosis as the main feature, character- 
ised as coagulative, periacinar to massive, 
and frequently with extensive hemor- 
rhage.5,7,8,10 Further pathology described in 
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Figure 1-4. Liver, goat. Three sections of liver are 
submitted for examination. At subgross magnification, 
there is centrilobular to massive hepatic necrosis, 
depending on the section. (HE, 7X) 

 
the literature is predominately hemorrhage, 
including subcutaneous hemorrhages 
of the neck, chest and abdomen; petechial 
hemorrhages on the serosa of the rumen, abo- 
masum and duodenum; and subepicardial and 
endocardial hemorrhages.6,8 

 
Another species of the same genus, Trema 
micrantha, is located in the tropical to sub- 
tropical Americas, particularly South and 
Central America, and Florida in North Amer- 
ica; and is reported to cause a similar disease 
in horses and goats.1,3 Additionally, there is 
evidence that ingestion of Trema micrantha 
by sheep can cause a fatal pneumotoxicosis, 
with the documented pathology including 
mediastinal emphysema, interalveolar septal 
thickening, and diffuse type II pneumocyte 
hyperplasia.11 

 
As trematoxin is uncharacterized, definitive 
diagnosis of toxicity is difficult. Diagnosis is 
generally based on known exposure to the 
plant in combination with acute periacinar to 
massive hepatic necrosis. Differential diag- 
noses for acute hepatotoxicity in goats in- 
clude amatoxins, cyanobacteria, Xanthium 
spp, green cestrum, cycads, gossypol, iron, 
polycyclic aromatic hydrocarbons, and car- 
bon tetrachloride.4,7 Further, intoxication 
with Xanthium, green cestrum and Trema 

spp. cause very similar gross and microscopic 
changes, and therefore differentiating the 
three syndromes may involve isolation of the 
specific toxin where possible, or demonstra- 
tion of ingestion of the plant species.3 

 
In this case, no poison peach leaves or other 
toxic plant leaves were identified in the ru- 
mens of the two goats necropsied. It is hy- 
pothesized by the authors and submitting vet- 
erinarian that as the leaves are fine and palat- 
able, they were well masticated and digested 
quickly, or were unidentifiable within the 
other ingesta of the rumen. There was no 
known exposure to other hepatotoxins aside 
from poison peach, and thorough examina- 
tion of the pasture by the farm hand and sub- 
mitting veterinarian did not reveal further 
hepatotoxic plants. Additionally, the sheep 
that were housed with the goats were not af- 
fected. Therefore, it was concluded that in- 
gestion of poison peach was the most likely 
cause of hepatic necrosis and death in this 
herd of goats. 

 
Contributing Institution: 
The School of Veterinary Science 
The University of Queensland, Gatton Cam- 
pus 
Queensland 
Australia 4343 
https://veterinary-services.lab.uq.edu.au/ 

 
JPC Diagnosis: 
Liver: Necrosis, massive. 

 
 

Figure 1-5. Liver, goat. There is necrosis of centrilobular 
and midzonal hepatocytes characterized by loss of 
differential staining. (HE, 76X) 
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JPC Comment: 
This case is a classic example of centrilobular 
hepatocellular necrosis. Centrilobular 
hepatocytes are particularly susceptible to 
toxic injury due to their high concentration of 
cytochrome P450 (CYP450) and susceptibil- 
ity to hypoxia due to the location furthest 
downstream of the hepatic artery. 3 During 
phase I biotransformation and detoxification, 
CYP450 metabolism of toxins may cause for- 
mation of reactive intermediates with local 
toxic effects.3 Other examples of toxins 
which cause centrilobular necrosis are aceta- 
minophen, microcystin, amanita, and 
Xanthium spp.3 Other less common patterns 
of hepatocellular necrosis are periportal 
hepatocellular necrosis, caused by direct act- 
ing toxins like yellow phosphorous, and mi- 
dzonal necrosis, which is the least common.3 

 
This week’s moderate, Dr. John Cullen, de- 
scribed the variability in histologic appear- 
ance between the different sections of liver 
on the slide. One possible explanation is a 
phenomenon called portal streaming, where 
blood from a specific portion of the gastroin- 
testinal tract may be routed to specific areas 
of the liver through laminar flow, thus deliv- 
ering different amounts of pathogens 
(whether toxic, infectious, or neoplastic). 
Other possible explanations include the dif- 
ferent volume of each load, some regulation 
of flow which redirects blood flow, or sam- 
pling technique. Dr. Cullen explained that 
similar  variation  between  lobes  is  seen in 

 

 
Figure 1-6. Liver, goat. Periportal hepatocytes (left) are 
degenerate, characterized by cellular swelling and 
lipidosis. There is abundant brown pigment within the 
cytoplasm of hepatocytes and Kupffer cells. (HE, 381X) 

 

 
Figure 1-7. Liver, goat. Areas of hepatocellular necrosis 
demonstrate hemorrhage and stomal collapse. (HE, 
381X) 

copper deposition and this variation demon- 
strates why sampling all hepatic lobes is crit- 
ical for accurate surgical biopsies. 

 
The contributor described a related plant, 
Trema micrantha (Jamaican nettletree or 
capulin), which causes centrilobular necrosis 
in horses, goats, and sheep, and also causes 
pneumotoxicity in sheep. Ingestion of the 
plant, which appears to be highly palatable, 
can also cause acute neurotoxicosis without 
hepatotoxicosis in horses.2,6 A recent report 
described T. micrantha ingestion by 14 
horses in Brazil with primary neurotoxico- 
sis.6 Horses ingested the plant after being 
food restricted or having access to fresh trim- 
mings and were ataxic with progressive neu- 
rologic signs resulting in death within one 
week. 6 On necropsy, the brains were dif- 
fusely yellow with scattered foci of hemor- 
rhage and necrosis, and the pons most se- 
verely affected. 6 Three horses had similar 
spinal cord lesions. On histology, there was 
multifocal fibrinoid necrosis of vessels, 
thrombosis, and liquefactive necrosis in the 
brainstem, cerebellum, and, less frequently, 
in the spinal cord. 6 Centrilobular hepatocel- 
lular necrosis was present in only five cases 
and was characterized as mild. 6  Horses with 
T. micrantha toxicity may also develop neu- 
rologic signs secondary to hepatotoxicity and 
hepatic encephalopathy.6 Histologically, 
these cases feature perivascular edema and 
Alzheimer type II astrocytes.2,6 These were 
not observed in the recent report, and the he- 
patic lesions were mild to absent,  so hepatic 
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encephalopathy was not suspected in these 
horses.6 The authors speculate that there may 
be intermediate metabolites which have spe- 
cies-specific toxic effects.6 
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CASE II: 

 
Signalment: 
20-month-old, female Droughtmaster, ox 
(Bos Taurus x indicus) 

 
History: 
Inappetence and weakness; pale mucous 
membranes; black, watery feces and reduced 
gut sounds. 

 
Gross Pathology: 
Jaundice. Subcutaneous and interstitial pul- 
monary edema. Pale and yellow liver, 
marked distention of the gall bladder with 
mucoid bile. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
There is diffuse hepatocellular disassocia- 
tion. Hepatocytes are often enlarged and 
many are multinucleated, containing 2-4 nu- 
clei. The cytoplasm of hepatocytes if often 
distended with fine vacuolation. Multifocally 
and often in centrilobular areas, there is mild 

 

 
Figure 2-1. Liver, ox. A single section of liver is 
submitted for examination. There is a homogeneity to 
the section at subgross magnification resulting from 
loss of hepatocellular plate architecture. (HE 8X) 
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Figure 2-2. Liver, ox. Hepatocytes are diffusely swollen, vacuolated, individualized, and there is loss of normal sinusoidal 
architecture. There is canalicular cholestasis. (HE, 300X) 

to moderate distension of bile canaliculi with 
bile, this is also present within the cytoplasm 
of hepatocytes. Multifocally, there is moder- 
ate biliary ductule hyperplasia. Multifocally, 
there is a mild, periportal population of lym- 
phocytes and plasma cells with mild associ- 
ated fibroplasia. 

 
Contributor’s Morphologic Diagnoses: 
Liver: Hepatopathy with hepatocellular dis- 
sociation, cytoplasmic vacuolation and me- 
galocyte formation; cholestasis and biliary 
hyperplasia. 
Cholangiohepatitis, chronic, mild 

 
Contributor’s Comment: 
These findings are consistent with lantana 
toxicity. Lantana (family Verbenaceae) is an 
ornamental shrub that grows to a height of 2- 
3 meters and has red, pink or white flowers. 
It is native to the tropical and subtropical ar- 
eas of Central and South America and is con- 
sidered a pest in many parts of the world. The 
family contains species such as L. camara, L. 
indica, L. crenulata, L. trifolia, L. lilacina, L. 
involuerata and L. sellowiance however L. 
camara is the most widespread and of great- 
est toxicity to livestock.6 Its toxicity was first 

reported in Australia in 1910, this has subse- 
quently been reported in many other coun- 
tries. Livestock that are familiar with lantana 
rarely consume it voluntarily, toxicity mostly 
occurs in times of drought or when feed is 
otherwise scarce or in animals that have been 
brought in from lantana free areas.6 Cattle are 
most commonly affected; it is rarely noted in 
sheep and goats as they are less likely to eat 
the plant.7 

 
The significant toxins in lantana are triter- 
pene acids, lantadene A (rehannic acid), lan- 
tadene B and their reduced forms; lantadene 
A appears to be the most toxic of these. The 
toxic dose depends on the toxin content of the 
species of lantana.7 Clinical signs include 
jaundice, photosensitisation, inappetence and 
depression, ruminal stasis, constipation or di- 
arrhoea with black, fluid faeces, dehydration 
and polyuria.1,6,7 Cattle ingesting a large dose 
of the toxin can die within 2 days however 
most cases are more chronic with clinical 
signs being evident for 2 weeks before 
death.7 The rumen can act as a toxin reservoir 
even after access to the lantana is prevented. 
Natural or experimental exposure to lantana 
results in increased bilirubin and globulins, 
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there can be either a decrease or an increase 
in PCV. Decreased albumin and increased 
gamma glutamyl transpeptidase, sorbital de- 
hydrogenase and arginase levels have been 
variably noted.1,6 

 
Gross findings include jaundice; an enlarged, 
pale and yellow/orange or green-grey liver 
and a gall bladder that is distended, some- 
times with mucoid bile; enlarged, mottled, 
wet kidneys and blood-stained fluid in the 
abomasum and small intestine.7 Histological 
findings include enlarged hepatocytes and 
fine hepatocellular cytoplasmic vacuolation 
which can be more evident in periportal areas 
and bile accumulation which is often more 
pronounced in periacinar zones. There is also 
often bile duct proliferation and, in some 
cases, periportal apoptosis or necrosis of 
hepatocytes.7 The gall bladder can demon- 
strate mucoid metaplasia of the epithelium 
with hemorrhage, ulceration, inflammation 
and necrosis.1 The kidneys often demonstrate 
mild to severe vacuolar change or necrosis of 
the tubular epithelium with extensive tubular 
cast formation.1,7 There can also be ulceration 
of the abomasal mucosa.1 

The toxin is thought to cause collapse, disten- 
sion or microvilli damage in bile canaliculi. 
The mechanism of cholestasis is still un- 
known however damage to the contractile 
pericanalicular cytoskeleton or the cell adhe- 
sion molecules is possible.7 The role of hy- 
perbilirubinaemia in the nephropathy is un- 
known. Myocardial necrosis has been noted 
in sheep and may be responsible for death in 
animals that die early in the course of the dis- 
ease.7 

 
Contributing Institution: 
Dr Mirrim Kelly-Bosma, School of Veteri- 
nary Science, University of Queensland, Gat- 
ton campus, Gatton, Queensland, Australia, 
4343. (https://veterinary-science.uq.edu.au/) 

 
JPC Diagnosis: 
Liver: Hepatocellular dissociation, megalo- 
cytosis, multinucleation, rarefaction, lipido- 
sis, diffuse, severe, with ductular reaction, 
and canalicular cholestasis. 

 
JPC Comment: 
This case illustrates a different pattern of 
hepatotoxicity compared to the centrilobular 

 
 

 
Figure 2-3. Liver, ox. There is portal fibrosis, biliary hyperplasia, and mild lymphoplasmacytic inflammation. (HE, 300X) 
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necrosis in Case 1 of this conference. In ad- 
dition to the mechanisms of toxicity men- 
tioned by the contributor, studies in rats have 
suggested that metabolites inhibit mitochon- 
drial respiration and that reduced lantadene A 
may be more toxic than lantadene A.4 The 
toxin targets the bile canalicular plasma 
membrane, causing impaired hepatobiliary 
excretion and intrahepatic cholestasis. The 
toxins inhibit neural impulses and ruminal 
stasis.3,4 Hepatocellular megalocytosis is 
speculated to be due to enlargement of the 
rough endoplasmic reticulum. 

 
Key histologic findings, as covered by the 
contributor, include hepatocellular megalo- 
cytosis with cytoplasmic vacuolization and 
canalicular cholestasis. Dr. Cullen also re- 
marked on the pronounced individualization 
of hepatocytes, a phenomenon which is also 
seen in leptospiral infections. 

 
Other hepatotoxins which cause megalocyto- 
sis are pyrrolizidine alkaloids and aflatoxin.2 

Repeated exposure to pyrrolizidine alkaloids 
causes megalocytosis with hepatic atrophy, 
while ingestion of large quantities causes 
acute centrilobular necrosis.2 Similarly, pro- 
longed exposure to low levels of aflatoxin 
can cause megalocytosis during with scat- 
tered necrosis.2 Acute aflatoxin toxicosis in 
large animals has only been documented in 
experimental settings because there are insuf- 
ficient quantities in moldy feed to induce 
acute injury. 

 
Another key clinical and histologic feature 
for lantana toxicosis is cholestasis, and in 
herbivores, cholestasis can quickly lead to 
type III (hepatogenous) photosensitization 
due to the lack of biliary excretion of chloro- 
phyll breakdown products (phylloerythrins) 
in the blood.2 When deposited in the skin and 
exposed to UV light these pigments cause re- 
active oxygen species formation and tissue 
damage.5 Hepatogenous photosensitization 

is usually caused by mycotoxins and hepato- 
toxic plants, including sporidesmin and lan- 
tana, although it has been associated with a 
wide range of plants, including normal forage 
crops like Bermuda grass.5 Grossly, photo- 
sensitization manifests as erythema, edema, 
and necrosis in sparsely haired or unpig- 
mented skin, and affected animals are pru- 
ritic. Histologically, there is edema of the 
dermis and coagulative necrosis and vesicles 
in the epidermis.5 
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CASE III: 
 

Signalment: 
The canine puppies are a mixture of German 
shepherd, Alaskan malamute, and Norwegian 
elkhound. It is unknown how large the litters 
were, but all puppies had clinically healthy 
littermates. The breeder also reports that a 
single puppy from a previous litter (also with 
the same parentage), died at four weeks old. 

 
History: 
Three female mixed-breed canine puppies 
from two sequential litters with the same par- 
ents, died at home at less than 5 weeks of age. 
All animals had a history of poor weight gain, 
and pale grey, waxy, odorless feces. Puppy 
#1 (from litter “A”) was approximately 3 
weeks old and weighed 555 g. Puppy #2 and 
#3 (both from litter “B”) were both approxi- 
mately 4 weeks old and weighed 1235 g and 
2000 g, respectively. 

 
Gross Pathology: 
All puppies were in thin body condition, with 
reduced internal fat stores. The distal small 
intestine and colon contained thick, pale 
grey-tan digesta (interpreted as acholic). Pup- 
pies #2 and #3 were also noted to be mildly 
icteric. There was no evidence of extrahe- 
patic portal shunt vessels, and the external 

anatomy of the livers was normal. In all pup- 
pies, at the location of the expected gall blad- 
der and common bile duct, there was a firm 
tubular structure with no bile content on cut 
section. It was not recorded in the gross post 
mortem reports for puppy #1 or #2 whether 
the major duodenal papilla was present, but 
the opening of the major duodenal papilla 
was not grossly appreciable in puppy #3. 
Puppy #1 had dark black mucous over the ru- 
gal folds of the stomach, and similar dark 
tarry content in some areas of the small intes- 
tine and within the colon. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
There is abnormal liver architecture, with no 
appreciable portal triads, as no biliary epithe- 
lium was evident. Portal veins were irregu- 
larly spaced, and frequently accompanied by 
small, reduplicated arterioles, often oriented 
along the limiting plate and occasionally 
branching out within the hepatic paren- 
chyma. Hepatocytes were arranged in disor- 
ganized cords up to three hepatocytes thick, 
and occasionally in a more sheet-like for- 
mation. Where present, sinusoids were often 
dilated or ectatic, and adjacent hepatocytes 

 

 
Figure 3-1. Presentation, dog. (From Puppy #3) A) On post mortem external assessment, all animals were in poor body 
condition. B) The distal small intestine and colon contained light grey-tan digesta (interpreted as acholic and confirmed using 
Hall’s bile stain). (Photo courtesy of: Ontario Veterinary College, Department of Pathobiology, Guelph 
https://ovc.uoguelph.ca/pathobiology/) 
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were thin and atrophic. There were innumer- 
able bile plugs in canaliculi throughout the 
parenchyma. Frequently, Kupffer cells and 
up to 30% of hepatocytes contained scant fine 
brown granular pigment. 

 
Contributor’s Morphologic Diagnoses: 
Congenital atresia of the biliary tract and in- 
trahepatic cholestasis. 

 
Contributor’s Comment: 
The three puppies had absence of the gall 
bladder and intrahepatic bile ducts, with in- 
trahepatic cholestasis. The lack of CK7 posi- 
tive cells forming distinct tubules throughout 
the liver confirms the diagnosis of complete 
absence of intrahepatic bile ducts. 

 
In broad categories, the absence of intrahe- 
patic bile ducts and a gall bladder could be 
because they never formed or that they had 
partially or completely formed, and then 
were later lost. During organogenesis of the 
liver and biliary system, a part of the endo- 
derm forms the hepatic diverticulum, which 
subdivides into a cranial portion (pars hepat- 
ica) and a caudal portion (pars cystica).4 The 
gall bladder develops from the pars cystica, 
and the timing of this development and the 
precise pathways involved have not been 
well characterized.15,23 In contrast, the com- 
mon bile duct, intrahepatic biliary system, 
and hepatocytes differentiate from bipoten- 
tial progenitor hepatoblast cells that differ- 
entiate in the pars hepatica– the hepatoblasts 
within the liver parenchyma become hepato- 
cytes, and those at the interface between the 
parenchyma and the portal mesenchyme sur- 
rounding portal veins strongly express bili- 
ary-specific cytokeratins and become biliary 
epithelial cells that form a single layer re- 
ferred to as the ductal plate.3 In the develop- 
ment of intrahepatic bile ducts, just after day 
16.5 of embryogenesis in mice when the 

ductal plate becomes partially bilayered, 
small focal dilations appear between the two 
cells layers, giving rise to bile ducts.7 As the 
puppies in this case series lacked both a gall 
bladder and intrahepatic biliary structures, 
the deviation from normal organ develop- 
ment may have happened at the level of the 
diverticulum before the subdivision into the 
pars cystica and pars hepatica, or less likely, 
there may have been issues in both develop- 
mental pathways after the division. 

There are a variety of conditions character- 
ized by intrahepatic biliary maldevelopment 
in humans, which in the literature is referred 
to as paucity of interlobular bile ducts, intra- 
hepatic biliary hypoplasia or aplasia, intra- 
hepatic biliary atresia, ductular paucity, duc- 
topenia, and ductular hypoplasia.1,9 Com- 
plete congenital absence of the intrahepatic 
bile ducts has been reported in ten children, 
many of whom died in early childhood. Un- 
like these puppies, none of the human cases 
were reported to have an abnormal extrahe- 
patic biliary system except for one child that 
had fibrotic cystic and common bile ducts 
(not observed in any of the canine cases).12 

 
 
 

Figure 3-2. Liver, dog. All puppies had livers with 
unremarkable gross architecture, and no evidence of 
extrahepatic shunts. All three puppies also had very 
small, thin tubular structures in the location of the gall 
bladders (indicated by the arrow) that lacked bile 
content. A) Liver from Puppy #2. B) Liver from Puppy #3. 
(Photo courtesy of: Ontario Veterinary College, 
Department of Pathobiology, Guelph 
https://ovc.uoguelph.ca/pathobiology/) 
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Figure 3-3. Liver, dog. A single section of liver is 
submitted for examination. (HE, 8X) 

 
Extrahepatic biliary atresia has also been re- 
ported in humans, and also rarely in domestic 
species including dogs, lambs, cats, mon- 
keys, calves and horses.8,13,14,18,20,22,25 The 
pathogenesis suggested in all species in- 
volves progressive fibrosis resulting in dis- 
connection of the common bile duct from the 
intrahepatic biliary tree, occurring anywhere 
from the duodenum to the porta hepatis.14,16 

Extrahepatic biliary atresia in some affected 
animals was considered naturally occurring, 
and in others, occurred following toxin expo- 
sure (e.g. experimentally induced with fetal 
trypan blue exposure in piglets, plant toxins 
in sheep and calves).14,19 In the two reported 
cases in young dogs, a distended gall bladder 
was appreciated, with bile duct obstruction. 
Cholecystoduodenostomy was performed to 
surgically circumvent the obstruction in both 
cases, reportedly with a good short-term clin- 
ical outcome in one case.25 In the other case, 
involving a border collie puppy, the dog died 
6 weeks after the cholecystoduodenostomy 
was performed due to biliary and hepatic tox- 
ocariasis, and histology of the common bile 
duct at the site of the atresia demonstrated re- 
placed of the bile duct by solid fibrous tis- 
sue.22 Based on the literature, the extrahe- 
patic biliary atresia previously reported in 
dogs is different from the puppies described 

in this case series, as there was no evidence 
of normal gall bladder or common bile duct 
structures. Additionally, extrahepatic biliary 
atresia in all species and humans eventually 
leads to increased connective tissue within 
portal areas and surrounding proliferating bil- 
iary ductules – as we had no intrahepatic bil- 
iary structures or increased connective tissue 
in our cases, the condition affecting these 
puppies is distinctly different.2 

 
Congenital absence of a gall bladder has also 
been reported in dogs, most often affecting 
small breed dogs, including Chihuahuas (10 
of 17 reported cases), toy poodles (3 of 17 re- 
ported cases) and Jack Russell terriers (1 of 
17 reported cases), and most often accompa- 
nied by hypoplasia or absence of some he- 
patic lobes.21 Histologically, all dogs with 
gall bladder agenesis had similar findings to 
extrahepatic biliary atresia, with biliary hy- 
perplasia and portal fibrosis, which does not 
fit with our case series.21 

 
Very little literature exists on gall bladder de- 
velopment, but there have been a few key 
pathways identified in intrahepatic biliary ep- 
ithelium development which may be abnor- 
mal in these puppies. The most common 
cause of intrahepatic biliary maldevelopment 
in humans is Alagille syndrome, an autoso- 
mal dominant disorder with variable expres- 
sivity which is also characterized by at least 
three of the five main clinical manifestations, 
including chronic cholestasis, vertebral arch 
defects, pulmonary artery hypoplasia or ste- 
nosis, posterior embryotoxon, and a particu- 
lar set of facial features.10 This syndrome 
does not include absence of a gall bladder, 
and these puppies lack the other clinical man- 
ifestations of the syndrome, but knowledge of 
this human condition provides some insight 
into potential genes and signalling pathways 
that could be abnormal in this case series.1 
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Figure 3-4. Liver, dog. There is diffuse loss of hepatic plate architecture with hepatocytes arranged in thick trabeculae or sheets, 
and portal areas are markedly reduced or absent. (HE, 8X) 

Genetically, Alagille syndrome has been 
characterized by a duplication of exon 6 of 
the JAG1 gene on chromosome 20, which en- 
codes a Notch1-signalling pathway with im- 
portance in embryogenesis.26 Notch signal- 
ling has been demonstrated to be required for 
intrahepatic bile duct and ductal plate for- 
mation in mice, and loss of Notch signalling 
in mouse hepatoblast progenitor cells results 
in reduction of peripheral intrahepatic bile 
duct branches postnatally.11,16,24,27 Research 
of Alagille syndrome has also led to the dis- 
covery of transcription factor protein hepato- 
cyte nuclear factor (HNF)-6, which appears 
to regulate the number of cells that are stim- 
ulated to transition from a hepatoblast to a 
biliary epithelial cell.7 It is suspected that the 
levels of this protein influence and are influ- 
enced by the hepatic mesenchyme, which 
also plays a vital role in the transition to bili- 
ary epithelium.23 

 
Lastly, to explore the possibility that these 
puppies had biliary trees that had partially or 
completely formed, and then were later lost, 

drug-induced “vanishing bile duct syn- 
drome” was briefly considered, which is a 
human condition that develops following 
toxin-induced damage to bile ducts.9 Over 
thirty drugs are implicating this syndrome, 
which in its chronic form is clinically charac- 
terized by prolonged jaundice or chronic cho- 
lestasis for more than one year following ad- 
ministration of one of these drugs, and is his- 
tologically characterized by a bile to portal 
tract ratio of less than 0.5.8,9 Although these 
dogs meet the defined criteria for “ductope- 
nia” as described by the literature, these dogs 
have no known history of drug exposure, and 
the canine cases in this series lack portal 
tracts infiltrated by mononuclear cells (which 
is commonly seen in the human condition).9 

Lastly, again, this phenomenon has also not 
been reported in association with absence of 
a formed gall bladder.9 

274



In summary, the present case report demon- 
strates the existence of a novel canine condi- 
tion characterized by congenital absence of 
both intrahepatic bile ducts and the gall blad- 
der and extrahepatic biliary tree. According 
to medical dictionaries, atresia is defined as 
“abnormal closing or absence of a tube in the 
body” whereas aplasia is defined as “lack of 
growth of tissue”.6 Using this nomenclature, 
arguably both “extrahepatic and intrahepatic 
biliary atresia” and “extrahepatic and intrahe- 
patic biliary aplasia” could be appropriate 
when describing these puppies. However, 
considering that we were unable to unequiv- 
ocally characterize the CK7 positive duct in 
the submucosa of the duodenum as being 
pancreatic or hepatopancreatic in origin, and 
leaving open the possibility that it may reflect 
a small portion of an intact common bile duct 
(which would imply that there is a regionally 
extensive absence of the extrahepatic biliary 
tree), “extrahepatic and intrahepatic biliary 
atresia” may be more appropriate in this case. 
As multiple litters with the same parentage 
were affected, we suspect an underlying ge- 
netic cause. 

 
Contributing Institution: 
Ontario Veterinary College, Department of 
Pathobiology, Guelph 
https://ovc.uoguelph.ca/pathobiology/ 

 
JPC Diagnosis: 
Liver: Biliary aplasia. 

 
JPC Comment: 
The contributor provides an excellent review 
of embryologic development of the liver and 
gallbladder as well as the existing literature 
on gall bladder agenesis and biliary atresia. 
Another novel presentation of gall bladder 
agenesis was recently reported by Mestrinho 
et al in a 1-year-old male French bulldog. In 
addition to gall bladder agenesis, the dog had 
an umbilicobiliary fistula that resulted in per- 

 

 
Figure 3-5. Liver, dog. In Puppy #3, 
immunohistochemistry for cytokeratin 7 (CK7) showed 
rare individual and paired cells along the limiting plate 
adjacent to portal veins, but no organized ductular 
structures. In the other two cases, there were no CK7 
positive cells in the liver. (Photo courtesy of: Ontario 
Veterinary College, Department of Pathobiology, 
Guelph https://ovc.uoguelph.ca/pathobiology/) 

 
sistent yellow discharge from the umbili- 
cus.17 A duct-like structure connected the 
umbilicus to the common bile duct; histo- 
pathologic examination of the resected struc- 
ture revealed similar features to a gall bladder 
or bile duct.17 The authors speculated that the 
pars cystica of the hepatic diverticulum be- 
came trapped during invagination of umbili- 
cal cord structures and subsequently formed 
a cutaneous fistula.17 

 
Dr. Cullen and conference participants dis- 
cussed the greater amount of bile but lesser 
degree of hepatocellular damage in this case 
compared to case 2 (lantana toxicity in a 
goat), in whic bile canaliculi are injured, and 
liberated bile salts caused damage to hepato- 
cellular membranes. Participants elected to 
use “aplasia” as a morph due to the complete 
lack of biliary profiles; most other forms of 
biliary atresia which frequently feature small 
CK7 positive biliary profiles. 

 
References: 
1. Alagille D, Estrada A, Hadchouel M, 

Gautler M, Odievre M, Dommergues JP. 
Syndromic paucity of interlobular bile 

275

https://ovc.uoguelph.ca/pathobiology/
https://ovc.uoguelph.ca/pathobiology/


ducts (Alagille syndrome or arteriohe- 
patic dysplasia): review of 80 cases. J Pe- 
diatr. 1987;110(2):195-200. 

2. Bassett MD, Murray KF. Biliary atresia: 
recent progress. J Clin Gastroenterol. 
2008;42(6):720. 

3. Bastianello SS, Nesbit JW. The pathol- 
ogy of a case of biliary atresia in a foal. J 
S Afr Vet Assoc. 1986;57(2):117-120. 

4. Bedi N, Bond-smith G, Kumar S, 
Hutchins R. Gallbladder agenesis with 
choledochal cyst—a rare association: a 
case report and review of possible genetic 
or embryological links. BMJ Case Rep. 
2013;2013:bcr2012006786. 

5. Bouwens L. Cytokeratins and cell differ- 
entiation in the pancreas. J Pathol A J 
Pathol Soc Gt Britain Irel. 
1998;184(3):234-239. 

6. Collin PH, ed. Dictionary of Medicine. 
2nd ed. New York: Routledge, Taylor & 
Francis Group; 2014. 

7. Clotman F, Lannoy VJ, Reber M, et al. 
The onecut transcription factor HNF6 is 
required for normal development of the 
biliary tract. Development. 
2002;129(8):1819-1828. 

8. Degott C, Feldmann G, Larrey D, et al. 
Drug‐induced prolonged cholestasis in 
adults: a histological semiquantitative 
study demonstrating progressive ducto- 
penia. Hepatology. 1992;15(2):244-251. 

9. Desmet VJ. Vanishing bile duct syn- 
drome in drug-induced liver disease. J 
Hepatol. 1997;26:31-35. 

10. Emerick KM, Rand EB, Goldmuntz E, 
Krantz ID, Spinner NB, Piccoli DA. Fea- 
tures of Alagille syndrome in 92 patients: 
frequency and relation to prognosis. 
Hepatology. 1999;29(3):822-829. 

11. Geisler F, Nagl F, Mazur PK, et al. Liver‐ 
specific inactivation of Notch2, but not 
Notch1, compromises intrahepatic bile 
duct development in mice. Hepatology. 
2008;48(2):607-616. 

12. Haas L, Dobbs RH. Congenital absence 
of the intrahepatic bile ducts. Arch Dis 
Child. 1958;33(171):396. 

13. Hampson E, Filippich LJ, Kelly WR, Ev- 
ans K. Congenital biliary atresia in a cat: 
a case report. J Small Anim Pract. 
1987;28(1):39-48. 

14. Harper PAW, Plant JW, Ungers DB. 
Congenital biliary atresia and jaundice in 
lambs and calves. Aust Vet J. 
1990;67(1):18-22. 

15. Lemaigre F. Development of the biliary 
tract. Mech Dev. 2003;120(1):81. 

16. Lozier J, McCright B, Gridley T. Notch 
signaling regulates bile duct morphogen- 
esis in mice. PLoS One. 2008;3(3):e1851. 

17. Mestrinho LA, Monteiro C, Sobral C, 
Travancinha J, Niza MM. A case of a 
congenital umbilicobiliary fistula associ- 
ated with gallbladder agenesis in a dog. 
Rev Bras Med Vet. 2022; 44:1-5. 

18. Rosenberg DP, Morecki R, Lollini LO, 
Glaser J, Cornelius CE. Extrahepatic bil- 
iary atresia in a rhesus monkey (Macaca 
mulatto). Hepatology. 1983;3(4):577- 
580. 

19. Rosenkrantz JG, Lynch FP, Frost WW. 
Congenital anomalies in the pig: Terato- 
genic effects of trypan blue. J Pediatr 
Surg. 1970;5(2):232-237. 

20. Ruíz-Ramírez JA, García-Márquez LJ, 
Bedolla-Alva MA, et al. Congenital bili- 
ary atresia in a Beefmaster calf. Brazilian 
J Vet Pathol. 2016;9(3):93-97. 

21. Sato K, Sakai M, Hayakawa S, et al. 
Gallbladder Agenesis in 17 Dogs: 2006– 
2016. J Vet Intern Med. 2018;32(1):188- 
194. 

22. Schulze C, Rothuizen J, Sluijs FJ van, 
Hazewinkel HAW, Van Den Ingh T. Ex- 
trahepatic biliary atresia in a border col- 
lie. J Small Anim Pract. 2000;41(1):27- 
30. 

23. Shiojiri N. Development and differentia- 
tion of bile ducts in the mammalian liver. 
Microsc Res Tech. 1997;39(4):328-335. 

276



24. Sparks EE, Perrien DS, Huppert KA, Pe- 
terson TE, Huppert SS. Defects in hepatic 
Notch signaling result in disruption of the 
communicating intrahepatic bile duct net- 
work in mice. Dis Model Mech. 
2011;4(3):359-367. 

25. Thiel C, Steinbach S, Schmidt M, et al. 
Extrahepatic biliary atresia in a 4‐week‐ 
old pug. Vet Surg. 2015;44(1):35-40. 

26. Uberos J, Moreno L, Muñoz-Hoyos A. 
Hypertension and Biliary Ductopenia in a 
patient with Duplication of exon 6 of the 
JAG1 Gene. Clin Med Insights Pediatr. 
2012;6:CMPed-S9621. 

27. Zong Y, Panikkar A, Xu J, et al. Notch 
signaling controls liver development by 
regulating biliary differentiation. Devel- 
opment. 2009;136(10):1727-1739. 

 
CASE IV: 

 
Signalment: 
3-year-old, intact male, Syria Hamster, Mes- 
ocricetus auratus 

 
History: 
It was reported by the owner that the patient 
had been progressively ailing over a three- 
month period and that a small mass had been 
present on his right eye for at least 6 months. 
On October 14th, 2020, he was found to be 
cold, trembling, and weak for several hours, 
but aware of his surroundings. The slight 
trembling of his hind limbs continued to the 
next day. Later, the abdominal organs be- 
came progressively enlarged and visible 
through his skin. Four months later the pa- 
tient became lethargic and began open mouth 
breathing. The left eye became proptosed and 
unable to be closed. Patient progressed to 
teeth grinding and lateral recumbency, with 
closed mouth, but labored breathing. Patient 
was euthanized shortly after. 

Gross Pathology: 
The left lateral, left medial, and right medial 
liver lobes are fully to partially effaced by 
soft, multilobular masses that measure 1cm x 
3cm x 1.5cm to 2cm x2cm x1cm. The masses 
are black to red, soft, fluid filled. 

 
Laboratory Results: 
No findings reported. 

 
Microscopic Description: 
Liver: In multifocal areas the hepatic paren- 
chyma is replaced by large cystic structures 
lined primarily by a single layer of cuboidal 
epithelial cells; occasionally there are up to 
three layers of cells. The lining cells occa- 
sionally form variably sized papillae that pro- 
ject into the lumen of the cysts. The lumen of 
the cystic structures contains an amphophilic, 
homogenous, vesiculated fluid substance. 
Portal regions frequently are infiltrated with 
mild to moderate numbers of lymphocytes 
and plasma cells. Most portal regions have 
mild to marked bile duct hyperplasia. In areas 
of severe bile duct hyperplasia, the surround- 
ing hepatocellular parenchyma contains mul- 
tifocal areas of hemorrhage with distortion of 

 

Figure 4-1. Liver, hamster. Tissue from a 3-year-old 
Syrian hamster. The liver is markedly enlarged and the 
majority of the hepatic parenchyma of all lobes has 
been replaced or expanded by fluid filled cysts. (Photo 
courtesy of: Tuskegee University, College of Veterinary 
Medicine, Department of Pathobiology, 
https://www.tuskegee.edu/programs- 
courses/colleges-schools/cvm) 
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Figure 4-2. Liver, hamster. A single section of liver with multiple large, occasionally fluid filled cysts is submitted for examination. 
(HE, 6X) 

hepatic cord architecture and individual 
hepatocyte necrosis. 

 
Contributor’s Morphologic Diagnoses: 
Multifocal hepatic cysts (polycystic liver dis- 
ease) 

 
Multifocal moderate to marked bile duct hy- 
perplasia and lymphoplasmacytic periportal 
hepatitis with multifocal hemorrhage and in- 
dividual cell necrosis 

 
Contributor’s Comment: 
This Syrian hamster had many of the com- 
mon findings in aged hamsters including se- 
vere glomerulonephropathy, an atrial throm- 
bus, and marked hepatic disease.14 Although 
hepatic cysts are very common in older ham- 
sters, they are thought to be the result of dis- 
connected biliary structures present during 
hepatic development.3 Ductal structures be- 
come disconnected from the biliary tree 
through loss or defects in genes signaling.5 

Affected animals remain asymptomatic until 
cyst growth initiates in adulthood. 

Polycystic liver disease (PLD) is very well 
characterized in humans and is subdivided 
into three distinct entities.3 The diseases are 
categorized by both the genetic mechanism 
and the gross and histological appearance of 
the lesions. The first is Von Meyenburg com- 
plexes (VMC) also called biliary hamartoma 
or hepatic cystic hamartoma.9 These lesions 
have characteristic small, nonhereditary nod- 
ular cystic lesions which histologically ap- 
pear as discrete fibrotic areas with small, ir- 
regular bile ducts. The second is isolated pol- 
ycystic liver disease (autosomal dominant 
PLD) with presence of innumerable hepatic 
cysts and autosomal dominant heredity. The 
final category of PLD is polycystic kidney 
disease (PKD) where cysts are present in both 
the kidneys and liver.19 

 
Polycystic liver disease in hamsters is char- 
acterized by multiple hepatic cysts that even- 
tually lead to the replacement of normal liver 
parenchyma.10,13 The etiology of PLD in 
hamsters has not been completely elucidated 
but much research has been done to under- 
stand PLD in isolation and PLD in associa- 
tion with polycystic kidney disease (PKD) in 
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humans. Non PKD associated PLD is the re- 
sult of mutations in several genes including 
LRP5, PRKCSH, and SEC63 which are in 
charge of making the proteins sec-63 and 
hepatocystin.16 These gene are also responsi- 
ble for fluid transportation and epithelial cell 
growth. In polycystic liver disease associated 
with PKD, renal complications such as renal 
failure are more common.16 PKD1 and PKD 
2 are the genes are responsible for making 
polycystin 1 and polycystin 2 and mutation 
leads to dysregulation of fluid secretion and 
abnormal growth, ultimately leading to cyst 
formation.4 

 
Hepatic cysts associated with PLD must be 
differentiated from cysts that might be seen 
in association with hepatic neoplasms in 
which cysts may develop such as cholangio- 
carcinoma or cystadenoma. Syrian hamsters, 
in general, have a low prevalence of sponta- 
neous tumors of the liver.8 Kondo et al exam- 
ination of 15 Syrian hamsters found a single 
hepatic hemangioma.8 The epithelial cell pa- 
pillary projections, hepatic degeneration, ne- 
crosis, and leukocyte infiltration seen in this 
case is not typically seen in PLD but are com- 
mon findings in neoplastic disease of the 
liver.16 True cysts are usually multiple and 
lined by a single layer of epithelium, whereas 
tumors can be single or multiple, uni‐ or bi- 
lateral, and may have a complex arboriform 
pattern. The lack of cellular pleomorphism, 
stromal invasion, and mitotic figures suggest 
a non-malignant process. Cysts and cyst-like 

 
 

Figure 4-3. Liver, hamster. Epithelium lining the largest 
of the biliary cysts forms papillary and micropapillary 
structures into the lumen. (HE, 76X) 

 

 
Figure 4-4. Liver, hamster. A single layer of columnar 
biliary epithelium lines the cysts. (HE, 7X) 

 
structures that develop from parasites, ab- 
scesses, or hematomas must also be differen- 
tiated from PLD.1,15 

 
Contributing Institution: 
Tuskegee University, College of Veterinary 
Medicine, Department of Pathobiology, 
https://www.tuskegee.edu/programs- 
courses/colleges-schools/cvm 

 
JPC Diagnosis: 
Liver: Biliary cysts, multiple, with bridging 
ductular reaction and focal intraductal biliary 
papillary hyperplasia. 

 
JPC Comment: 
In hamsters, this relatively common inci- 
dental lesion observed in older animals may 
be accompanied by cysts in the epididymis, 
seminal vesicles, pancreas, and endome- 
trium.15 Infrequently, there may be clinically 
detectable hepatomegaly and ascites with 
straw colored fluid. The surrounding hepatic 
parenchyma typically shows pressure atro- 
phy, necrosis, and congestion with possible 
hemorrhage.18 Adjacent hepatocytes may 
demonstrate vacuolar change and there may 
be biliary ductular reaction within periportal 
regions.18 

 
Conference participants discussed the pres- 
ence of focal papillary projections into the 
cyst lumen, and considered the possibility 
that ductal plate anomalies may evolve into a 
neoplastic process (biliary cystadenoma), or 
a neoplasm may spontaneously occur in the 
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Figure 4-5. Liver, hamster. There is loss of subcapsular 
hepatocytes, mild biliary hyperplasia, and mild 
mesothelial hyperplasia. (HE, 267X) 

same tissue. Dr. Cullen explained that be- 
cause the genetic mechanism for polycystic 
liver disease has not been elucidated in this 
species, the specific pathogenesis creating 
papillary projections cannot be distinguished. 
Participants decided that the inflammation in 
the section is a secondary reactive hepatitis 
and elected not to include it in the morpho- 
logic diagnosis. 

 
Polycystic liver has been documented in 
many species, including dogs, cats, pigs, 
mice, several deer species, chamois, llamas, 
alpacas, and various fish species.6,7,12,18,20 

Spontaneous polycystic liver has recently 
been documented in seven K14-LacZ trans- 
genic mice; cysts were lined with cuboidal 
epithelium that was occasionally ciliated.12 

Affected males also had seminiferous tubular 
degeneration and a spermatogenesis, while 
two of the three females had ovarian cysts; 
affected mice appeared to be infertile.12 

 
In veterinary medicine, cystic liver lesions 
may also be a component of adult or juvenile 
polycystic diseases.2 Adult polycystic kidney 
disease, which has a higher prevalence in bull 
terriers and Persian cats, is a slowly progres- 
sive disease which may include cysts in other 
organs, such as the liver.2 In humans, the dis- 
ease is linked to autosomal dominant muta- 
tions in PKD1 and 2, and in dogs and cats, it 
has been linked to PKD1.2,17 The mutation 
causes modification of the polycystin-1 pro- 
tein in the primary cilia, which forms the cen- 

triole during mitosis, serves as a mechanore- 
ceptor, and plays a role in fluid transport. Cil- 
iary dysfunction appears to decrease fluid ab- 
sorption during cyst development.17 This dis- 
ease may feature cysts in the liver and pan- 
creas as well as hepatic fibrosis.2 An autoso- 
mal recessive form of polycystic kidney dis- 
ease in humans has been associated with a 
mutation causing dysfunction of fibrocystin, 
another component of the cilia.2 This has 
been documented in West Highland white 
and Cairn terriers and some breeds of sheep 
and may also feature cysts in the liver.2 
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WSC 2022-2023 Self-assessment 
Conference 13 

 

1. Which of the following histologic lesions are associated with poison peach toxicosis in 
ruminants? 

a. Massive hepatocellular necrosis 
b. Bridging portal fibrosis 
c. Marked biliary hyperplasia 
d. Crystal hepatopathy 

 
2. Trema micrantha toxicosis in sheep may cause toxic changes in which of the following systems? 

         a.  Nervous 
         b.  Urinary 
         c.   Gastrointestinal 
         d.   Respiratory 

 
3. The primary hepatic target of action of landatene is theorized to be: ? 

a. Sinusoidal lining cells 
b. Biliary epithelium 
c. Oval cells 
d. Hepatocytes 

 
4. Which of the following does not arise from bipotential hepatoblasts? 

a. Gall bladder 
b. Common bile duct 
c. Intrahepatic biliary system 
d. Hepatocytes 

5. Polycystic liver disease in hamsters may be associated with cystic disease in which of the 
following organs? 

a. Gallbladder 
b. Lung 
c. Kidney 
d. Brainstem 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
14 years old, female-neutered, domestic 
shorthair cat, feline, Felis catus 

 
History: 
The owner noted a 3 x 4 x 3 cm subcutaneous 
mass on the left ventral aspect of the mandi- 
ble and cranial aspect of the neck. On clinical 
examination, an enlarged mandibular lymph 
node was diagnosed. The other palpable 
lymph nodes were normal in size and no other 
symptoms or lesions were detectable. Labor- 
atory parameters were unremarkable. Sero- 
logic tests for FeLV and FIV were negative. 
The owner opted for surgical removement, 
and histopathologic examination was initi- 
ated. 

 
The postoperative interval was initially unre- 
markable; there was no evidence of metasta- 
sis or recurrence. Three months after surgery, 
the animal developed deteriorated general 
condition, inappetence, and vomiting. Multi- 
ple cranial lymph nodes were moderately 
swollen. Radiologically, an intrathoracic 
mass associated with the trachea was de- 
tected, and both kidneys were enlarged. Pro- 
gression of malignancy was feared. Brief pal- 
liative therapy with prednisolone and antibi- 
otics for several days was given. Due to the 
deteriorating condition, the owner opted for 
euthanasia. At postmortem examination, 
multiple lymph nodes on the head and neck 
were similarly enlarged. A firm white mass 1 

x 2 x 1 cm in diameter was noted on the in- 
trathoracic aspect of the trachea. Both kid- 
neys were enlarged and soft, and the cortex 
was diffusely pale white in color with some 
hemorrhages. 

 
Histopathologically and immunohistochemi- 
cally, the enlarged lymph nodes showed the 
same neoplastic cell population as in the ini- 
tially removed lymph node, and both kidneys 
and the tracheal mass showed the same neo- 
plastic infiltration. 

 
Gross Pathology: 
A 4.5 x 3.5 x 2 cm firm lymph node was pro- 
cessed, and the cut surfaces were homogene- 
ously yellow-white in color. 

 
Laboratory Results: 
See table 1.1 

 

 
Figure 1-1. Lymph node, cat. The mandibular lymph 
node is large and there is diffuse loss of nodal architec- 
ture. (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). 
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Marker Normal cell 
type 

T7562/21: 
multinucleated 
cells (H-RS 
cells) 

T7562/21: 
monomorphic 
lymphatic 
cells 
(bystander 
cells) 

Other findings 

CD3 
(polyclonal) 

T cells - +++ Residual perifollicular cells/T cells ++ 

CD3 
(monoclonal) 

T cells - +++ Residual perifollicular cells/T cells ++ 

CD45R 
(B220) 

Feline B cells - + Residual cortical lymphoid follicles/B cells ++ 

CD20 B cells - - No reactivity 
Pax-5 B cells - - Residual cortical lymphoid follicles/B cells ++ 
BLA.36 B cells +++ +++ Residual cortical lymphoid follicles/B cells ++ 
IBA-1 Macrophages, 

monocytes, 
histiocytes 

- - Single dendritic cells + 

CD30 H-RS cells +++ - No reactivity 
CD15 H-RS cells - - No reactivity 
Ki-67 Proliferating 

cells 
+ ++ 30-50 positive nuclei/HPF (0.237 mm2) 

Table 1.1 

- negative; + few positive cells; ++ more 
positive cells; +++abundant positive 
cells; H-RS cells: Hodgkin and Reed- 
Sternberg cells. 

 
Microscopic Description: 
Lymph node: A densely cellular, poorly de- 
marcated, infiltrative, unencapsulated neo- 
plasm composed of moderate numbers of ne- 
oplastic cells on a lymphocytic background 
and a preexisting fibrovascular stroma ef- 
faces the lymph node architecture and com- 
presses the remaining follicles. The neo- 
plastic cells are irregularly polygonal and up 
to 120 micrometer in diameter with distinct 
cell borders and abundant eosinophilic cyto- 
plasm. The nuclei define two subtypes of ne- 
oplastic cells: Hodgkin cells are mononuclear 
with a single round to oval nucleus. Reed- 
Sternberg cells have at least two nuclear 
lobes or nuclei, but can have up to 5 irregular 
oval to polygonal (multilobulated) nuclei. 
The chromatin of both cell types is coarsely 
stippled to clumped, and the nucleoli are var- 
iably visible but often multiple. Rarely, the 
nucleoli are amphophilic and surrounded by 
a halo. Multifocally, single neoplastic cells 

 
have condensed cytoplasm and pyknotic nu- 
clei ("mummified" Hodgkin cells). There is 
marked anisocytosis and anisokaryosis, and 
the mitotic count averages 5 mitoses in 10 
high-power fields (2.37 mm2). Often the mi- 
toses are bizarre. 

 
Contributor’s Morphologic Diagnoses: 
Mandibular lymph node: Hodgkin-like ma- 
lignant lymphoma, cat, Felis catus 

 
Contributor’s Comment: 
Lymphomas account for approximately 80% 
of all hematopoietic neoplasms in domestic 
animals, and both categorization and classifi- 
cation have been revised and changed several 
times in the past. Oncologists use different 
treatment strategies, and follow-up data are 
often limited.8,9,10 In addition, diagnoses may 
vary between pathologists and/or hemato- 
pathologists. A still very useful first classifi- 
cation tool is tumor topography. In cats, more 
than 50% are alimentary forms, whereas in 
dogs multicentric forms predominate.11 

 
The epidemiology of feline lymphomas has 
changed dramatically in the past due to the 
successful vaccination campaign against 
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FeLV.9,10 Previously, approximately 30% of 
feline neoplasms were malignant lymphomas 
and 80% of these were associated with FeLV 
infection. 

 
In animals, most lymphomas resemble hu- 
man non-Hodgkin lymphomas, but in some 
species Hodgkin or Hodgkin-like lymphomas 
have also been described: for example, a 
well-characterized case in a ferret.5 

 
In 1832, Thomas Hodgkin described a series 
of seven cases of lymph nodes with unusual 
changes, now known as Hodgkin lymphoma. 
In humans, the disease shows a bimodal age 
distribution with peaks in young adults and 
the elderly in developed countries. In devel- 
oping countries, the first peak affects chil- 
dren. Often the disease is localized, with only 
a few cases being widespread. Overall, this 
type of lymphoma is considered moderately 
aggressive but curable in most cases. The 
typical neoplastic cells are CD30+, usually 
CD15+, negative for most B-cell markers, 
typically negative for T-cell markers, nega- 
tive for immunoglobulin, negative for CD45, 
and negative for anaplastic lymphoma kinase 
(ALK). Pax5 is usually expressed by the ne- 
oplastic cells.3 

 
In veterinary medicine, Hodgkin-like lym- 
phoma appears to be a predominately feline 
entity manifestating in the upper respiratory 
and alimentary tract.7,12 One report described 
an unusual manifestation of Hodgkin-like 

 
 

Figure 1-2. Lymph node, cat. There is diffuse loss of 
nodal architecture. (HE, 7X) 

 

 
Figure 1-3. Lymph node, cat. Large neoplastic lympho- 
cytes with prominent nucleoli are scattered throughout 
the section (arrows). (HE, 314X) 

lymphoma in the cerebellum of a FeLV-in- 
fected cat.13 Cytologically and histopatholog- 
ically, the presence of scattered large mono- 
nucleated and binucleated to multinucleated 
cells (Hodgkin and Reed-Sternberg cells, 
HRS cells) should favor the diagnosis of 
Hodgkin-like lymphoma. However, im- 
munohistochemistry is required for definitive 
diagnosis. Many cases appear to be misinter- 
preted as T-cell-rich B-cell lymphomas.9,10 

 
There are some reports of problems with im- 
munohistochemical staining of B cells in 
cats.10 CD79-alpha staining, which is well re- 
producible in dogs, often showed variable re- 
sults in our laboratory in cats (as did occa- 
sionally staining with CD20). Therefore, in 
the last two decades, the B-cell-specific vari- 
ant of CD45R (B220) has been preferred by 
us, as well as by some other laboratories, for 
B cells in cats. Parallel staining with Pax5 
showed reproducible results.2 

 
Our case of feline Hodgkin-like lymphoma 
was well documented clinically, and follow- 
up examinations including necropsy was per- 
formed. Immunohistochemical results (see 
Table) supported our morphologic diagnosis. 
The malignant potential in this presented case 
was obvious. 

 
Contributing Institution: 
Institut fuer Veterinaer-Pathologie, Justus- 
Liebig-Universitaet Giessen 
Frankfurter Str. 96, 35392 Giessen, Germany 
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giessen.de/cms/fbz/fb10/institute_klinikum/i 
nstitute/pathologie 

 
JPC Diagnosis: 
Lymph node: Lymphoma, large cell, with 
Hodgkin-like features. 

 
JPC Comment: 
Hodgkin lymphoma typically presents as a 
single enlarged node, or enlargement of 
multiple contiguous nodes. In humans, these 
nodes are typically cervical, mediastinal, or 
para-aortic, and in cats, they are typically 
mandibular, cervical, or mediastinal.5,7,12 The 
neoplasm is thought to arise from germinal or 
post-germinal center B cells. In humans, 
neoplastic cells commonly contain increased 
NF- κB activity, either due to infection by 
Epstein Barr virus (human herpesvirus 4) or 
decreased activity of NF-κB suppressors such 
as IκB.5 Neoplastic cells produce various cy- 
tokines and chemokines which cause influx 
of a mixed population of leukocytes (lym- 
phocytes, granulocytes, and macrophages); 
thus neoplastic cells, which are typically gi- 
ant with abnormal nuclei, account for less 

than 5% of the cell population within the tu- 
mor.5,12 

 
The classic neoplastic cell in Hodgkin lym- 
phoma is the Reed-Sternberg cell, as the con- 
tributor describes. These cells are up to 45 um 
in diameter and contain bi-lobed nuclei with 
large nucleoli up to 7 um in diameter, giving 
the cell an “owl eye” appearance.5,12 Mono- 
nuclear, multi-nucleated, and lacunar vari- 
ants of Reed-Sternberg cells also occur. In la- 
cunar variants, the nuclei are folded and sur- 
rounded by cytoplasmic clearing due to pro- 
cessing artifact. Reed-Sternberg cells are the 
predominant neoplastic cell type in classic 
Hodgkin lymphomas, which can be divided 
into at four subtypes: nodular sclerosis, 
mixed cellularity, lymphocyte-rich, and lym- 
phocyte-depletion.5 These subtypes have 
similar IHC staining characteristics, but dis- 
tinct histologic and clinical features.5 

 
Another neoplastic cell type, the lymphohis- 
tiocytic variant (L&H cell), is seen in a dis- 
tinct subtype, the nodular lymphocyte-pre- 
dominance Hodgkin lymphoma. These cells 
are also known as “popcorn” cells because of 

 

 
Figure 1-4. Lymph node, cat. Higher magnification of neoplastic cells with large pleomorphic nuclei. (arrows). (HE,750X) 
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their unique appearance: vesicular, polypoid 
nuclei with fine chromatin and indistinct nu- 
cleoli bear some resemblance to popped pop- 
corn. L&H cells have distinct IHC staining 
pattern and are generally negative for both 
CD15 and CD30 and positive for CD20, 
CD45, and CD79.5,7 

 
A report of 20 cases of Hodgkin-like 
lymphoma in cats provides some insight into 
this neoplasm, which is uncommon in cats 
and rare in other veterinary species.12,14 

Unilateral mandibular or cervical lymph node 
swelling was observed in 18 of 20 cats.12 

Eleven of the cats had classic forms, with 
nine classified as mixed cellularity and two 
classified as the nodular sclerosis substype.12 

Nine cats had the lymphocyte-predmoninant 
Hodgkin lymphoma, with L&H cells 
predominately surrounded by non-neoplastic 
small lymphocytes.12 This study suggested 
that, as in humans, Hodgkin-like lymphoma 
is less aggressive than non-Hodgkin 
lymphoma in cats; however, additional data 
is needed for statistically significant 
correlation.12 

 
Cases for this week’s conference were se- 
lected to highlight human-animal correlates 
in medicine. This week’s moderator, Dr. Sa- 
rah Cudd, discussed the clinical, pathologic, 
and historical aspects of the disease in hu- 
mans. Human MD pathologists at the Joint 
Pathology center were also consulted on this 
case, and they favored a diagnosis of malig- 
nant B cell lymphoma with Hodgkin-like fea- 
tures, though T-cell/histiocyte-rich large B 
cell lymphoma could not be ruled out. 
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CASE II: 

 
Signalment: 
Rabbit – Lionhead Oryctolagus cuniculus; 
Male neutered, 4.4 years old 

 
History: 
Two week history of progressive hyperkera- 
tosis/skin crusting/alopecia. Skin scraping 
negative for mites. The rabbit clinically had 
severe otitis externa/media, bilateral corneal 
ulcers, dyspnea, hypothermia, early GI stasis, 
severe left sided dental disease, suspected 
tear duct obstruction, severe pododermatitis, 

 

Figure 2-1. Haired skin, rabbit. There is marked hyper- 
keratosis and crusting of the skin of the neck, face, and 
periocular areas. (Photo courtesy of: Dept. of Pathobi- 
ology, Ontario Veterinary College, University of Guelph, 
Guelph Ontario, Canada) 

 

 
Figure 2-2. Haired skin, rabbit. There is marked hyper- 
keratosis and crusting of the skin of the perioral area. 
(Photo courtesy of: Dept. of Pathobiology, Ontario Vet- 
erinary College, University of Guelph, Guelph Ontario, 
Canada) 

severe urine scalding. Euthanized and sub- 
mitted for postmortem evaluation. 

 
Gross Pathology: 
Submitted is the body of a 2.1 kg, white, male 
neutered Lionhead rabbit. He is in good body 
condition with ample subcutaneous fat and 
symmetrical muscling. There is scaling of the 
skin over the majority of the body surface, 
most pronounced on the hocks, the dorsal an- 
tebrachia, the dorsal surface of the neck and 
base of the ears extending over the lateral 
neck on both sides and ventrally to the level 
of the sternum. Occasionally, there is hair 
loss associated with this scaling over the an- 
tebrachia and the dorsal and lateral neck. 
There is marked scaling of the skin around 
the mouth as well as surrounding the eyes 
with thick accumulations of dry, yellow to 
brown crusts in these areas. These areas are 
also alopecic. There is extensive fecal stain- 
ing of the perianal area and hindlimbs with 
alopecia of the medial surface of both proxi- 
mal hindlimbs. Both eyes have an 
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Figure 2-3. Haired skin, rabbit. A section of mucocuta- 
neous junction is submitted for examination. There is a 
thick 2mm layer of scale over the epidermis. (HE, 10X) 

approximately 2.0 mm white opacity cen- 
trally on the corneal surface. 

 
There is approximately 2 mL of serosanguin- 
eous fluid within the thoracic cavity which 
contains rare soft, yellow to clear, irregular 
serous clots. The lungs appear diffusely, 
mildly atelectatic. The cranial mediastinum is 
expanded by a dark red to tan, irregular, soft 
mass measuring approximately 4 cm by 3 cm 
by 2 cm which displaces the heart caudally 
and the lungs caudodorsally. This mass is ad- 
herent to the ventral thoracic wall and the cra- 
nial surface of the pericardial sac. The mass 
is immediately adjacent to the aorta and cra- 
nial vena cava which run over the surface of 
the mass but are not incorporated into it. On 
cut section the mass is mottled dark red to tan 
with multiple cystic spaces containing ap- 
proximately 1 mL of serosanguineous fluid. 
There is approximately 1 mL of serosanguin- 
eous fluid in the pericardial sac, but the inner 
surface is intact and there is no association 
between the mediastinal mass and the heart. 
The heart appears subjectively enlarged, oc- 
cupying approximately one quarter of the 
thoracic cavity. There is subjective dilation of 
both ventricles but the left: right ventricular 
ratio is within normal limits. There is an en- 
hanced zonal pattern in the liver which ap- 
pears diffusely mottled yellow and red. This 
pattern continues throughout the parenchyma 
on cut section. The right renal pelvis contains 
a small amount of red material (rule out hem- 
orrhage vs artifact). The bladder contains a 
moderate amount of slightly turbid yellow 

urine. It can be expressed with minimal digi- 
tal pressure. There are sharp spurs on the lin- 
gual aspects of the mandibular cheek teeth 
and on the buccal aspects of the maxillary 
cheek teeth, slightly more severe on the left 
side. There is mild stenosis of the vertical ca- 
nal of both ears due to thickening and scaling 
of the skin. There are plugs of white to tan 
soft exudate within both vertical canals. The 
tympanic bulla, middle ear, and inner ear ap- 
pear grossly unremarkable. The nasal sinuses 
appear grossly unremarkable. 

 
Laboratory Results: 
No laboratory results reported. 

 
Microscopic Description: 
Individual spinous keratinocytes and basal 
cells are hypereosinophilic with pyknotic nu- 
clei (cell death) and in some locations there 
are individual lymphocytes present within the 
epidermis adjacent to necrotic basal epithelial 
cells. The epidermis is variably acanthotic 
(up to 8 cells thick). There is marked, dense 
compact to basket weave orthokeratotic hy- 
perkeratosis. Occasional nuclei are retained 
in the some of these keratin layers (parakera- 
tosis). In some sections, there are occasional 
areas of erosion and thinning of the epidermis 
with rare areas of complete ulceration ex- 
tending into the deeper dermis with exposure 
of the follicular epithelium. These ulcerated 
areas are covered by an up to 0.7 mm thick 
serocellular crust with degenerate neutrophils 
and keratin squames with admixed bacteria. 

 
Lymphocytes are also present within the fol- 
licular epithelium (mural folliculitis) and fol- 
licles are decreased in size and number and 
are variably spaced (atrophy/loss). No seba- 
ceous glands are visible in any section. 

 
The superficial dermis has a band of lympho- 
cytes with fewer plasma cells and there is 
edema of the superficial dermis. 
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PAS stain: There are rare intracorneal vesi- 
cles which contain a pale eosinophilic pro- 
teinaceous fluid. No fungal or parasitic or- 
ganisms are seen in section. 

 
Contributor’s Morphologic Diagnoses: 
Generalized transepidermal cytotoxic/inter- 
face dermatitis, with marked single cell death 
of epidermis and infundibulum of hair folli- 
cles, cell poor lymphocytic dermatitis and 
mural folliculitis, generalized follicular atro- 
phy, absence of sebaceous glands and marked 
compact orthokeratotic hyperkeratosis. 

 
Contributor’s Comment: 
Cytotoxic / interface dermatitis is one of the 
eight inflammatory reaction patterns in veter- 
inary dermatopathology. It features death of 
keratinocytes in the epidermis. There are two 
main subtypes – basal cytotoxic / interface 
dermatitis (skin manifestation of systemic lu- 
pus erythematosus and cutaneous lupus ery- 
thematosus) and transepidermal cytoxic / in- 
terface dermatitis where all layers are poten- 
tially involved – the stratum basale, spinosum 
and or stratum granulosum. It is called cyto- 
toxic because of death of keratinocytes and 

the interface terminology is when there is a 
band of lymphocytes and or plasma cells in 
the superficial dermis. The primary target of 
the cytotoxic / interface process is the 
keratinocyte. The various diseases and syn- 
dromes that have the panepidermal or tran- 
sepidermal pattern of keratinocyte death are 
either ulcerative or hyperkeratotic. They are 
ulcerative when the cell death is rapid and se- 
vere, and hyperkeratotic (parakeratotic) when 
the number of dead cells is low. 

 
Transepidermal cytotoxic / interface dermati- 
tis in humans is seen in the syndromes and 
diseases Stevens-Johnson syndrome, ery- 
thema multiforme, and toxic epidermal 
necrolysis.9 

 
In veterinary medicine, separation of differ- 
ent diseases and syndromes is based on clini- 
cal findings including extent of the lesions, 
location, and progression. Because the le- 
sions are similar on histology, diagnosis of 
individual diseases should be done by clini- 
cians (including dermatologists). 
Pathologists recognize the reaction pattern. 

 

 
Figure 2-4. Haired skin, rabbit. There is papillary hyperplasia of the epidermis, with a thick layer of orthokeratotic hyperker- 
atosis. The proliferative and hyperkeratotic change extends into the follicular ostia. (HE, 40X) 
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This pattern of disease is considered im- 
mune-mediated. The trigger is not always 
identified. In animals, toxic epidermal 
necrolysis is more likely to be an adverse re- 
action to a drug; the death of cells is conflu- 
ent.9 

 
This rabbit has a clinically severe scaling or 
exfoliative dermatitis. The histologic pattern 
is a transepidermal cytotoxic pattern. The 
transepidermal pattern is well known in dogs 
where there are a variety of causes and dis- 
ease syndromes.9 This is rare in rabbits, who 
have a disease profile much like cats. In cats, 
the diseases are divided into thymoma-asso- 
ciated7 and non-thymoma-associated exfolia- 
tive dermatitis.4 

 
The mass in the cranial mediastinum of this 
rabbit was composed of a mixed population 
of neoplastic epithelial cells and normal 
small lymphocytes, thus it was a thymoma. In 
combination with the scaling dermatitis, the 
clinical presentation suggests paraneoplastic 
skin disease that is reported in thymoma in 
rabbits.2,6 Overall, studies on exfoliative der- 
matitis in multiple species both as a parane- 
oplastic and idiopathic condition provided 

strong evidence that this is an immune medi- 
ated process. There is accumulating evidence 
that this condition is driven by autoreactive 
cytotoxic T-cells. 

 
Contributing Institution: 
Department of Pathobiology, Ontario Veteri- 
nary College, University of Guelph, Guelph 
Ontario, Canada 

 
JPC Diagnosis: 
Mucocutaneous junction, lip: Keratinocyte 
apoptosis, multifocal, moderate, with lym- 
phocytic satellitosis and marked hyperkerato- 
sis. 

 
JPC Comment: 
This is the second example of an integumen- 
tary paraneoplastic syndrome reviewed this 
conference year. Case 2 of conference 4 fea- 
tured paraneoplastic alopecia in a cat due to a 
carcinoma in the liver, and the contributor 
and conference comments provide a general 
review of paraneoplastic skin lesions in vet- 
erinary species. In addition to exfoliative der- 
matitis, thymomas have also been associated 
with other paraneoplastic syndromes such as 

 

 
Figure 2-5. Haired skin, rabbit. There are numerous apoptotic keratinocytes within the hyperplastic epidermis. (HE, 381X) 
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Figure 2-6. Haired skin, rabbit. Similar changes, including epidermal hyperplasia, hyperkeratosis, and keratinocyte apoptosis 
are present within follicles as well. (HE, 221X) 

myasthenia gravis, polymyositis, and granu- 
locytopenia.1 Additionally, in dogs, thy- 
momas may induce T-cell lymphocytosis, ba- 
sophilia, or hypercalcemia of malignancy.8 

Exfoliative dermatitis has also recently been 
reported in a goat with a thymoma.1 

 
Thymomas arise from the thymic epithelium 
and contain variable amounts of lympho- 
cytes. A World Health Organization classifi- 
cation scheme places thymomas in two broad 
categories based on the histologic appearance 
of the epithelium. Type B thymomas, the 
most common type in dogs, have neoplastic 
cells which are epithelioid in appearance and 
are further subtyped based on the density of 
lymphocytes.5 Type A thymomas have neo- 
plastic cells which are spindloid in shape and 
accompanied by few lymphocytes.5 In a 
study of domestic rabbits, out of 2,970 neo- 
plasms, 48 were thymomas, and the most 
common subtype was type B1.5 

 
In a separate study of thymomas in 13 rabbits, 
the average age at diagnosis was 6.1 years, 
and the most common clinical signs were 

dyspnea, exercise intolerance, and bilateral 
exophthalmos.3 These signs were attributed 
to the mass’s space occupying effect in the 
thorax, and exophthalmos is thought to arise 
from cranial vena cava syndrome due to de- 
creased venous return to the heart. In some 
cases, the exophthalmos was transient or ac- 
companied by third eyelid prolapse.3 

 
Conference participants discussed two main 
differential diagnoses in this case: erythema 
multiforme and exfoliative dermatitis. Given 
the potentially identical histologic features of 
these two syndromes, participants could only 
confidently say exfoliative dermatitis once 
the clinical history was known. Participants 
also remarked on the lack of sebaceous 
glands, a common finding in thymoma-asso- 
ciated exfoliative dermatitis of cats.7 
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CASE III: 
 

Signalment: 
11-month-old male neutered Rottweiler, Ca- 
nis lupus familiaris, canid/domestic dog 

History: 
An 11-month-old neutered male Rott- 

weiler dog was euthanized 21-days after 
routine castration under general anesthesia 
for severe generalized polymyopathy. The 
dog was reportedly clinically normal prior 
to the procedure. Ten days following anes- 
thesia the dog presented recumbent, with 
severe generalized muscle weakness, azo- 
temia, myoglobinuria, and a markedly in- 
creased serum creatinine kinase (CK) con- 
centration of 806,080 U/L. With support- 
ive care over the next two weeks the dog’s 
strength and coordination returned, serum 
CK decreased to 980 U/L, azotemia im- 
proved, and myoglobinuria resolved. 
Twenty-one days post anesthesia/surgery, 
the dog again became acutely weak and le- 
thargic and was humanely euthanized. 

 
Gross Pathology: 

Submitted is the body of a 30 kg brown 
and black male neutered Rottweiler with ad- 
equate fat stores and diffuse decreased sym- 
metrical muscle mass most prominent of the 
epaxial and gluteal muscles. Mucous mem- 
branes are pale pink to white and tacky. 
There is mild tan/brown tartar on all canines, 
premolars, and molars. The ventral abdomen 
from the xiphoid process to the pubis, both 
antebrachia, the medial aspect of the left and 

 

Figure 3-1. Skeletal muscle, dog. Longitudinal and 
transverse section of skeletal muscle are submitted for 
examination. (HE, 5X) 
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right metatarsus, the lateral aspect of the left 
and right tarsus, and the scrotum have been 
shaved. There is yellow Vetwrap wrapped 
circumferentially around the right tarsus. 
Autolysis is moderate. 

External examination: 
Paw pad, right forelimb: There is a 3.5 x 
0.5-1.0 cm, slightly depressed, well-de- 
marcated, loss of the epidermis with jag- 
ged margins that extend the width of the 
right metacarpal paw pad. The center is 
mottled tan and pink. There is a similar 
circular, 1 cm diameter, lesion of the 
right carpal paw pad. The center is red to 
brown with serous crusting. 

 
Skin around neck: On either side of the neck 
there are 2 skin sores that are 4 x 1.5 cm 
(right-side), and 3.5 x 1 cm (left side). Both 
sores are well-demarcated with loss of 
haired skin and a slightly depressed, crusty, 
pink center. Within the shaved patch of hair 
on the left antebrachium there is a similar 
2.5 x 2.5 cm sore. Scrotum: The skin of the 
scrotum is light pink. The scrotal incision is 
intact with little reaction. 

 
Internal Examination: 
Skeletal muscle: Throughout the entire 
body the skeletal muscles are subjectively 
soft and diffusely pale pink with thin to 
broad streaks of tan. Most severely af- 
fected muscles are within the hindlimbs, 
epaxial, and serratus muscles, with ~50% 
of these muscle bundles affected. There 
are a few small thin streaks of tan in bilat- 
eral temporalis muscles, affecting <5% of 
the tissue. There are a few (~5) tan foci (up 
to 1 cm in diameter) in bilateral masseter 
muscles, affecting <5% of the tissue. The 
diaphragm is diffusely pale and subjec- 
tively thickened up to 3 mm. 

 
Heart: In the endocardium of the left 
atrium there are 4 adjacent raised exo- 
phytic nodules. Three of these nodules are 

small (up to 3 mm), tan to white, firm, with 
a smooth outer surface. The fourth nodule 
is larger, ovoid shaped, 8 x 5 mm, 4 mm 
raised, and red with speckles of tan. It is 
solid and red on cut section. Surrounding 
these nodules are multiple (~10) linear to 
focal, 1-3 mm, hard, raised plaques (sus- 
pect jet lesions). Just superior to the pul- 
monic valve and the aortic valve, there are 
approximately 2 x 1 cm area that contains 
multiple previously described hard plaques 
(suspect jet lesions). The free margins of 
the right and left atrioventricular valve 
leaflets are short, white, firm, and mildly 
thickened. The valve surface remains 
smooth and glistening. 

 
Kidneys: The kidneys are mottled 
red/brown to green (suspect autolysis). 
The cortical surface of both kidneys con- 
tains multiple (~50 per kidney) up to 3 
mm diameter depressions. On cut section 
the cortex contains alternating radiating 
streaks of red/brown and tan. 

 
Spleen: In the capsule at the edge of the 
head of the spleen there is a dark purple to 
black 1.0 x 1.0 cm, well demarcated, irreg- 
ular shaped, depression that is outlined by a 
2 mm periphery of tan. This extends slightly 
into the parenchyma as a tan focus. At the 
head of the spleen, near the edge, there is 
also a 0.7 cm x 0.4 cm silver, shiny, plaque 
adhered to the capsule that does not extend 
into the parenchyma. Throughout the 
splenic parenchyma there are hundreds of 
white foci (0.5 mm to 2 mm in diameter) 
(suspect lymphoid follicles). 

 
Lungs: The caudal lung lobes are heavy 
and exude a moderate amount of red- 
tinged fluid. Subcutaneous tissue: There 
is a moderate amount of thin light-yellow 
fluid within the subcutaneous tissues sur- 
rounding the hindlimbs. 
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Figure 3-2. Skeletal muscle, dog. There are coalescing areas in which there is marked degenerative changes and atrophy 
of myofibers. (HE, 129X) 

 
Laboratory Results: 
Clinical Pathology: 
Day of discharge 

 
Urea 10.6 H mmol/L 3.5-9.0 
ALT 317 H U/L 19-107 
CK 980 H U/L 40-255 
Amylase 1617 H U/L 299-947 

 
Day of readmission before euthanasia Urea: 
27.5 mmol/L 
ALT 739 U/L 
CK 806,080 U/L, 
Amylase 1810 U/L 

 
Comparative Neuromuscular Laboratory re- 
port: 
Cryosection from the epaxial muscle and an 
archived control muscle were incubated with 
several polyclonal and monoclonal antibod- 
ies against dystrophy associated proteins in- 
cluding the rod and carboxy-terminus of dys- 
trophin, utrophin, spectrin, laminin alpha2 
(4F11), dysferlin (hamlet), alpha, beta and 
delta -sarcoglycans, beta-dystroglycan, cave- 
olin 3, developmental myosin heavy chain 
(dMHC), MHC-I, collagen VI, emerin, the T 

cell markers CD3, CD4, and CD8, the B cell 
marker CD21 and the macrophage/dendritic 
cell marker CD11c. The staining intensity 
for rod-domain of dystrophin was normal in 
appearance. Moderately reduced staining in- 
tensity was present with the antibody against 
the carboxy-terminus of dystrophin and dys- 
trophin associated proteins. Regenerating fi- 
bers were highlighted by dMHC staining. 
Utrophin staining was not increased. Anti- 
body staining for laminin alpha2, dysferlin, 
caveolin3, collagen VI and emerin were nor- 
mal in appearance. Several MHC-I and 
CD11c positive cells were present around ne- 
crotic fibers. Sporadic T cells (CD3+, CD4+ 
& CD8+) were observed. No CD21+ B cells 
were present. Spectrin2 staining was very 
weak suggesting partial tissue degradation.” 
Comment: This may be dystrophin deficient 
muscular dystrophy with normal staining for 
rod domain and weak staining for the carboxy 
terminus. … While I still favor a diagnosis of 
dystrophin deficient MD, and episode of se- 
vere rhabdomyolysis should be ruled out by 
the clinical history and progression.” 
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Microscopic Description: 
Skeletal muscle: All examined skeletal mus- 
cles have similar histologic features but vary 
in severity with up to 50% of myofibers af- 
fected. There are large groups of degenerat- 
ing fibers at different stages of necrosis char- 
acterized by: single swollen hypereosino- 
philic fibers (hypercontraction) with loss of 
cross-striations, vacuolated cytoplasm and 
groups of thin, angular fibers with large 
plump peripheral nuclei. In addition, the cy- 
toplasm of multiple randomly distributed 
swollen myofibers is replaced by basophilic 
granular to crystalline matrix (mineral con- 
firmed by Von kossa stain) affecting up to 
20% of the affected myofibers in one section 
(left semimembranosus muscle was most se- 
vere). Occasionally there are aggregates of 
foamy macrophages replacing single myofi- 
bers and scattered within the endomysium. 
Within the large groups of degenerating my- 
ofibers there are also single degenerating my- 
ofibers characterized by small rounded myo- 
fibers with multiple central nuclei (multinu- 
cleate muscle giant cells). 

 

Contributor’s Morphologic Diagnoses: 
Skeletal muscle (generalized): Myonecrosis, 
degeneration and regeneration, multifocal 
polyphasic, subacute, severe. 

 
Contributor’s Comment: 
Differential diagnoses for non-inflammatory 
canine polymyopathies include, amongst oth- 
ers, congenital or inherited myopathies, rhab- 
domyolysis, and malignant hyperthermia. 
Due to the young age of this dog, its breed 
(Rottweiler), and the gross and histologic 
findings, an inherited myopathy such as mus- 
cular dystrophy was initially suspected. 

 
The most prevalent type of muscular dystro- 
phies are the X-linked dystrophies. Of these, 
Duchenne’s muscular dystrophy (DMD) is 
the most common followed by Becker mus- 
cular dystrophy (BMD. Both dystrophies are 
caused by a recessive mutation of the large 
dystrophin gene on the short branch of the X- 
chromosome encoding the dystrophin pro- 
tein. Dystrophin is an important protein in 
stabilization of the myofiber during contrac- 
tion. Complete loss of dystrophin, as in 
DMD, or partial loss of dystrophin, as in 

 

 
Figure 3-3. Skeletal muscle, dog. Within affected areas, there is marked atrophy of muscle fibers, and fibers display variable 
signs of degeneration, including loss of cross-striations and vacuolization. Regenerative changes include hypertrophy and 
internalization of satellite nuclei. A swollen, fragmented necrotic myofiber is at bottom right (arrow). The endomysium is 
mildly expanded by collagen and fibroblasts. (HE, 349X) 
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BMD, makes myofibers particularly suscep- 
tible to damage. Damaged myofibers leak the 
muscle-specific enzyme CK which correlates 
with the often chronically elevated serum CK 
seen in these cases. Both myofiber necrosis 
and regeneration within the same muscle is 
characteristic of the histologic appearance, as 
a result of repetitive damage. 

 
Canine X-linked muscular dystrophy, specif- 
ically DMD, was first described in the 
Golden retriever in the early 1980s and has 
since been reported in multiple dog breeds in- 
cluding the Rottweiler. One case of muscular 
dystrophy resembling BMD in humans was 
described in a Labrador retriever. In addition, 
a unique form of muscular dystrophy exists 
in Rottweilers known as juvenile-onset distal 
myopathy. This condition has been identified 
in young dogs with signs of muscle weakness 
since birth and characterized by skeletal mus- 
cle lesions of predominantly the distal limbs. 
Two dogs in this study had normal immuno- 
reactivity for the dystrophin protein. 

 
Juvenile-onset distal myopathy likely has a 
different pathogenesis from DMD, and a met- 
abolic defect may play a role. In addition, an 
inherited non-dystrophin myopathy, known 
as X-linked myotubular myopathy has also 
been reported in young Rottweilers, caused 
by a missense mutation in the MTM1 gene. 
This inherited condition is characterized by 
myofibers with central nuclei. Myonecrosis 
is not a feature. 

 
In this case a diagnosis of muscular dystro- 
phy is supported by the dog’s age, breed, 
gross and histologic findings. However, a de- 
fect of the dog’s dystrophin protein was not 
identified by immunohistochemistry and the 
dog’s clinical history is not consistent with 
past reports of canine muscular dystrophy. 
Prior to anesthesia/surgery, this dog was re- 
portedly clinically normal with no evidence 
of muscle weakness. 

 
In addition to muscular dystrophies, a diag- 
nosis of rhabdomyolysis was also considered. 
Rhabdomyolysis is a condition of acute skel- 
etal muscle necrosis. In dogs it is often asso- 
ciated with painful muscles, limb weakness, 
markedly increased CK, and myoglobinuria. 

 
Rhabdomyolysis is often attributed to over- 
exertion or trauma but has also been associ- 
ated with exposure to anesthetic agents, toxin 
exposure, and drug reaction/overdoses, 
amongst other things. In this case, a single ep- 
isode of severe rhabdomyolysis after expo- 
sure to inhalant anesthesia is consistent with 
the myoglobinuria, acute kidney injury, and 
improved CK. However, rhabdomyolysis 
does not fit with the histologic findings of 
multifocal polyphasic myonecrosis and re- 
generation as rhabdomyolysis is typically 
characterized by a monophasic pattern of ne- 
crosis. 

 
An episode of malignant hyperthermia was 
also considered. Malignant hyperthermia is 
an inherited disorder of skeletal muscle char- 
acterized by hypermetabolism and contrac- 
ture and often occurs after exposure to anes- 
thetic agents, exercise, or stress. In humans, 
pyrexia, hyperkalemia, hypercapnia, sys- 
temic acidosis, muscle rigidity, elevated CK 
levels, and often cardiac arrest are seen. Ma- 
lignant hyperthermia occurs sporadically in 
dogs with similar clinical findings. As in hu- 
mans, canine malignant hyperthermia devel- 
ops as a result of a mutation of the RYR1 
gene, causing uncontrolled calcium-release 
by skeletal muscles, excessive contraction, 
and subsequent heat production. Without im- 
mediate post-anesthetic bloodwork to sup- 
port an episode of malignant hyperthermia, 
evidence of peri-anesthetic pyrexia or cardiac 
abnormalities, it is difficult to make this di- 
agnosis. 
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Figure 3-4. Skeletal muscle, dog. There is dystrophic mineralization of necrotic myofibers. (HE, 460X) 

Contributing Institution: 
Department of Pathobiology, Ontario Veteri- 
nary College, University of Guelph 
https://ovc.uoguelph.ca/pathobiology/ 

 
JPC Diagnosis: 
Skeletal muscle, myofibers: Degeneration, 
necrosis, regeneration and loss, polyphasic, 
multifocal, with mineralization. 

 
JPC Comment: 
The contributor provides good differentials 
for consideration in this case of polyphasic 
skeletal muscle necrosis. X-linked muscular 
dystrophy has been reported in the dog, cat, 
mouse, and pig.1,2 The disease, which mani- 
fests in adolescents, is characterized by pro- 
gressive muscle atrophy and weakness, 
though in the cat, mouse, and rat terrier, 
marked muscular hypertrophy may be seen.2 

Severely affected animals may die shortly af- 
ter birth. Older animals may develop dyspnea 
due diaphragmatic fibrosis and contracture, 
esophageal dysfunction (and potential regur- 
gitation), exercise intolerance, and a stiff gait. 
The disease also affects the cardiac muscle 
and in dogs progresses to degenerative cardi- 
omyopathy. Macroglossia is an interesting 
feature documented in dogs, cats, humans, 

and, most recently, a pig. In a recent article, 
Aihara et al described macroglossia in a 6- 
month-old pig caused by Becker muscular 
dystrophy. The underlying genetic mutation 
was pseudoexon insertion in the dystrophin 
gene, and histologically, the skeletal muscle 
was replaced by abundant adipose and fibro- 
sis, causing gross enlargement of the tongue 
(pseudohypertrophy).1 

 
Cardiomyopathy is now the leading cause of 
death in young men with Duchenne’s muscu- 
lar dystrophy (DMD).5 Gross and histologic 
lesions of the heart were described in a recent 
study of 26 dogs with golden retriever mus- 
cular dystrophy (GRMD), an animal model 
for DMD.5 Gross lesions, seen in dogs over 
10 months of age, included myocardial pallor 
and streaking in both ventricles, papillary 
muscle fibrosis or mineralization, and dila- 
tion of one or both ventricles.5 Histologically, 
there was significant fatty infiltration and de- 
generation, most prominently within the sub- 
epicardium and also affecting papillary mus- 
cles, and lesion severity correlated positively 
with age.5 Affected dogs also had arteriolar 
medial hypertrophy, and 11 of 26 had aortic 
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mineralization.5 Acute coagulative myocar- 
dial necrosis was seen in many affected 
dogs.5 There was no evidence of thrombosis 
in histologic sections, and semi-quantitative 
necrosis scores were correlated with the de- 
gree of arteriolar hypertrophy.5 These find- 
ings led the authors to suspect that the necro- 
sis was caused by dysregulation of vascular 
tone causing functional ischemia coupled 
with increased susceptibility of dystrophin- 
deficient cardiomyocytes to hypoxia.5 

 
The effects of DMD on vascular smooth mus- 
cle was the subject of another recent research 
article, which evaluated dystrophin expres- 
sion, nitric oxide synthetase (NOS) activity, 
and endothelial nitric oxide synthetase 
(eNOS) expression in large arteries of 16 
DMD dogs compared to 15 unaffected dogs.3 

Unlike normal dogs, DMD dogs lacked dys- 
trophin in smooth muscle and endothelial 
cells of the arteries and vena cava.2 Addition- 
ally, DMD had significantly lower endothe- 
lial NOS activity and eNOS expression com- 
pared to normal dogs.3 This is attributed to 
the fact that dystrophin is used to anchor NOS 
to the sarcolemma; in cells lacking dystro- 
phin, NOS is delocalized and less effective.3 

Affected arteries had both decreased vaso- 
constriction and decreased vasodilation in re- 
sponse to endogenous signals, and the arter- 
ies were also smaller with decreased wall 
thickness attributed to tunica media atrophy.3 

This conflicts with the findings of Schneider 
et al, in which arteriolar hypertrophy was 
seen; however, the type of vessel analyzed 
differed between the two studies (cardiac ar- 
teriole versus femoral artery), and both stud- 
ies agreed that vascular defects may play a 
role in DMD pathogenesis.3,5 
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CASE IV: 
 

Signalment: 
An adult, male castrated, Golden Retriever, 
Canis lupus familiaris, dog. 

History: 
The dog presented with reluctance to move 
and severe pain localized in the cervical 
spine. Proprioception was decreased in all 
four legs. MRI showed lytic changes in C2, 
C7 and T2 vertebral bodies with extension to 
adjacent musculature and compression of 
corresponding spinal cord segments. A neo- 
plastic process was suspected and the dog 
was euthanized due to poor prognosis. 

 
Gross Pathology: 
Extending from C2 to T2, the bone marrow 
of the vertebral bodies, and less frequently 

 
 

Figure 4-1. 7th cranial vertebra, dog. The bone marrow 
of the vertebral body, and less affecting the lamina and 
transverse processes, is multifocally gelatinous, dark 
red to grey-tan and effacing the adjacent trabecular 
and cortical bone. The tumor mass is protruding into 
the spinal canal and compressing the spinal cord. 
(Photo courtesy of: Department of Veterinary Biosci- 
ences, Faculty of Veterinary Medicine, University of Hel- 
sinki, https://www.helsinki.fi/en/faculty-veterinary- 
medicine/research/veterinary-biosciences) 

 

 
Figure 4-2. Bone marrow (T2 vertebra), dog. Cytologic 
smear consisting primarily of neoplastic plasma cells 
with moderate amounts of basophilic cytoplasm, round 
eccentric nuclei and perinuclear white halo. Neoplastic 
plasma cells show mild to moderate anisokaryosis and 
anisocytosis and are occasionally binucleated. (Photo 
courtesy of: Department of Veterinary Biosciences, Fac- 
ulty of Veterinary Medicine, University of Helsinki, 
https://www.helsinki.fi/en/faculty-veterinary-medi- 
cine/research/veterinary-biosciences) 

the lamina and transverse processes, was ge- 
latinous, dark red to grey-tan and porous with 
complete effacement of the trabecular bone. 
Frequently, the process destroyed the cortical 
bone infiltrating the epaxial and hypaxial 
muscles and/or protruding into the spinal ca- 
nal compressing the spinal cord and nerve 
roots. 

 
Laboratory Results: 
Complete blood count revealed mild anemia 
and serum biochemistry was unremarkable. 

 
Cytologic smear from affected bone marrow 
of T2: The cytologic smear consists primarily 
of round cells (neoplastic plasma cells) with 
moderate amounts of basophilic cytoplasm, 
round eccentric nuclei and perinuclear white 
halo. Neoplastic plasma cells show mild to 
moderate anisokaryosis and anisocytosis and 
are occasionally binucleated. Mitoses are 
rare. 
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Microscopic Description: 
Vertebra (T2) and corresponding spinal canal 
and spinal cord: 
Up to 70% of the medullary cavity is effaced 
by an unencapsulated, poorly demarcated, in- 
filtrative and densely cellular neoplastic pro- 
cess composed of round cells arranged in 
sheets laying on small amounts of pre-exist- 
ing fibrovascular stroma. Neoplastic cells 
have distinct cell borders, moderate amounts 
of eosinophilic cytoplasm with occasional 
perinuclear white halo, round to oval, hyper- 
chromatic, eccentric nuclei with up to one ba- 
sophilic nucleolus. Some cells show large in- 
tracytoplasmic pale eosinophilic, homoge- 
nous vacuoles pushing the nucleus to the pe- 
riphery and there are occasional binucleated 
cells. Mitoses are up to 2 per HPF. Anisocy- 
tosis and anisokaryosis are mild to moderate. 
Necrotic foci composed of eosinophilic cel- 
lular debris and karyorrhectic/pyknotic nu- 
clei are observed multifocally. Up to 60 % of 
trabecular and cortical bone are lytic and/or 
necrotic and replaced by dense sheets of neo- 
plastic cells and hemorrhages. 

 

Figure 4-3. 7th cranial vertebra, dog. A multilobular 
round cell neoplasm has effaced the ventral vertebral 
body and infiltrated into the spinal canal. (HE, 3X) 

Spinal cord (T2): Multifocally, affecting the 
white matter of the lateral and ventral funic- 
uli, small numbers of axons show evidence of 
axonal degeneration characterized by dilated 
myelin sheaths containing glassy, eosino- 
philic, swollen axons (spheroids) accompa- 
nied by increased numbers of activated astro- 
cytes with enlarged, vesicular nucleus (astro- 
cytosis), few astrocytes with large amounts of 
eosinophilic cytoplasm and large vesicular 
nucleus (gemistocytes) and activated micro- 
glia. 

 
Contributor’s Morphologic Diagnoses: 
Vertebra (T2): Multiple myeloma with oste- 
olysis and infiltration towards the spinal ca- 
nal 
Spinal cord, T2, white matter: axonal degen- 
eration (ventrolateral funiculi), multifocal, 
mild, with dilated myelin sheaths and sphe- 
roids 

 
Contributor’s Comment: 
This case represents a classic case of multiple 
myeloma (MM) affecting the cervical and 
thoracic vertebrae with multicentric osteoly- 
sis and extension towards the spinal canal. 
MM is a malignant tumor originating from 
clonal proliferation of plasma cells within the 
bone marrow. In domestic animals, MM is 
most commonly reported in dogs, less fre- 
quently in cats and occasionally in horses. In 
dogs, it accounts for approximately 0,5 % of 
all malignant tumors.2,11 It is usually diag- 
nosed in middle-aged to old dogs and rarely 
affects young individuals.2,11,12 The predilec- 
tion sites include the vertebrae, ribs, femur, 
humerus and pelvis, all of which have active 
hematopoiesis.2,10,11 The clinical signs are 
unspecific unless there is tumor-associated 
bone fracture and spinal cord or nerve roots 
compression. Generally, affected dogs pre- 
sent with lethargy, weight loss, anorexia, 
vomiting and fever.7 
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Figure 4-4. 7th cranial vertebra, dog. The neoplasms is 
composed of sheets of plasma cells. The perivascular 
hoff that characterizes this cell type occupies almost the 
entire cytoplasm in some cells. (HE, 589X) 

 
The diagnosis of MM in dogs follows the cri- 
teria used for human MM, which is based on 
detecting ≥2 features including 1) bone mar- 
row with >5 % or >20% of neoplastic plasma 
cells, 2) lytic bone lesions, 3) presence of 
clonal immune-globulin paraproteins in the 
serum (monoclonal gammopathy) and 4) 
presence of free light-chain immunoglobu- 
lins (fLC) in urine (Bence-Jones pro- 
teinuria).5,7,12 Additional clinical findings can 
include anemia, hyperviscosity syndrome, 
bleeding disorders and hypercalcemia.11 In- 
creased numbers of plasma cells in the bone 
marrow can be also a feature of infectious 
diseases including ehrlichiosis and leishman- 
iasis, which should be taken into considera- 
tion if other features of MM are not evi- 
denced.11 

 
Gross findings in the affected bone are char- 
acterized by discrete, irregular, soft to gelati- 
nous, pink-grey foci of tumor tissue replacing 
trabecular and cortical bone. Secondary 
pathological fractures may be evidenced.2,11 

 
Histologically MM is characterized by dense 
colonies of well differentiated, monoclonal 
plasma cells or large, anaplastic plasma cells 
with high mitotic index, which replace nor- 
mal hematopoietic and adipose tissue. Multi- 
ple myeloma oncogene 1/interferon regula- 
tory factor 4 (MUM1/IRF-4) immunohisto- 
chemistry can be used for confirmation of 

plasma cell tumors in dogs and cats but is of- 
ten unnecessary due to distinctive histologi- 
cal features of MM.2,11 Infiltration to the bone 
with osteolysis is a typical finding mediated 
by cytokines produced by neoplastic plasma 
cells leading to decreased numbers of osteo- 
blasts, suppression of their activity and in- 
creased numbers of activated osteoclasts. The 
excess of osteoclastic activity will cause de- 
struction of bone tissue.1,11 

 
Metastasis to visceral organs is rarely re- 
ported in dogs with the spleen being the most 
common site. This feature differs from MM 
in cats, in which metastasis to abdominal or- 
gans including spleen, liver, and lymph nodes 
is frequently observed.4,6,11 Overall, MM can 
be additionally accompanied by renal disease 
or amyloidosis, since light-chain immuno- 
globulins produced by the neoplastic plasma 
cells can be deposited in the glomerular 
membrane resulting in glomerulonephritis, or 
form amyloid to be deposited in the glomer- 
uli, spleen or liver.3,4,11 In this case, histolog- 
ical changes observed in the adjacent spinal 
cord including dilation of the myelin sheaths 
and spheroid formation are secondary to 
compression caused by the tumor mass pro- 
truding into the spinal canal. 

 
Contributing Institution: 
Department of Veterinary Biosciences 
Faculty of Veterinary Medicine 
University of Helsinki 

 
 

Figure 4-5. 7th cranial vertebra, dog. Neoplastic cells 
occupy bone marrow spaces in the affected vertebra. 
(HE, 222X) 
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JPC Diagnosis: 
Vertebra and spinal canal: Myeloma. 

 
JPC Comment: 
The contributor provides an excellent review 
of this classic condition seen in both human 
and veterinary medicine. All veterinarians 
and veterinary pathologists are familiar with 
the condition Bence Jones proteinuria and its 
neoplastic cause; fewer have knowledge of 
Dr. Henry Bence Jones and his initial charac- 
terization of the phenomenon which bears his 
name. Dr. Bence Jones was a British physi- 
cian of the mid-19th century whose initial re- 
search focused on chemical chemistry, spe- 
cifically the analysis of cysteine oxide stones 
and proteins. He later specialized in the com- 
position of urine in health and disease. 
Thomas Alexander McBean was a patient af- 
flicted by bone pain and peripheral edema 
(and who is now known to have suffered from 
multiple myeloma). His urine contained a 
protein that produced peculiar results when 
analyzed using standard laboratory testing at 
the time. The patient’s attending physicians 
sent a sample to Dr. Bence Jones. After fur- 
ther testing, he dubbed the protein “hydrated 
deutoxide of albumin” and published the first 
reports on this unique urinary protein. Bence 
Jones proteins are now considered to be the 
first tumor marker discovered, and Dr. Bence 
Jones the first chemical pathologist.8 

A recent report described a case of erythro- 
phagocytic multiple myeloma, which is in- 
credibly rare in dogs and cats and slightly 
more common in humans.7 A 5 year old fe- 
male spayed golden retriever dog presented 
for a severe nonregenerative anemia and 
thrombocytopenia, and abundant neoplastic 
plasma cells which occasionally exhibited 
erythrophagocytosis were observed in the 

spleen, liver, and bone marrow.7 Anemia in 
the patient was likely due to erythrophagia; 
however, dogs with multiple myeloma com- 
monly have anemia due to erythrocyte de- 
struction in hyperviscosity syndrome, myelo- 
phthisis, blood loss, or anemia of chronic dis- 
ease, so these may have also contributed to 
the anemia.7 This week’s moderator also ex- 
plain that anemia is a common presenting 
complaint in human patients with multiple 
myeloma. 
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WSC 2022-2023 Self-assessment 
Conference 14 

 

1. Hodgkin-like lymphoma has been most commonly seen in which of the following species? 
a. Dog 
b. Cat 
c. Horse 
d. Pig 

 
2. The primary target of the cytotoxic/interface pattern in the skin is the? 

         a.  Vasculature 
         b.  Basement membrane 
         c.   Keratinocyte 
         d.   Lymphocyte 

 
3. A defect in which of the following genes is the cause of malignant hyperthermia in dogs ? 

a. Colchicine 
b. Dystrophin 
c. Ryanodine 
d. Endothelin 

 
4. In which of the following species is myeloma most common diagnosed? 

a. Dog 
b. Cat 
c. Horse 
d. Swine 

 
5. Which of the following is the most common site of metastasis of myeloma in the dog? 

a. Spleen 
b. Liver 
c. Lung 
d. Kidney 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
3-month-old, male, Lewis rat (Rattus 
norvegicus) 

 
History: 
This rat was part of a study receiving high- 
dose whole body irradiation daily for six 
days. Five days after the last exposure, the an- 
imal presented quiet, with thin body condi- 
tion (BSC 1/5), a hunched appearance, and an 
unkempt haircoat. Due to lack of improve- 
ment with supportive care, the animal was 
euthanized two days later and submitted for 
necropsy evaluation. 

 
Gross Pathology: 
On gross examination, the cecum was 
slightly distended and doughy, and there was 
a small amount of fecal staining at the ventral 
tail base. There were several formed fecal 
pellets present in the colon. The liver was 
mildly and diffusely pale. 

 
Laboratory Results: 
On CBC analysis, there was mild lymphope- 
nia, mild neutrophilia, and moderate mono- 
cytosis. In addition, there was a mild decrease 
in HCT and MCV, and a mild increase in 
MCHC, representing a microcytic, hypo- 
chromic anemia. 

 
Microscopic Description: 
In sections of small intestine, there was loss 
of normal villus architecture characterized by 
moderate and multifocal villus blunting and 

fusion, with replacement of areas of lamina 
propria with loose collagen and granulation 
tissue. The deep crypt epithelium was hyper- 
plastic with large, plump crypt epithelial cells 
that showed piling and disorganization with 
frequent mitotic figures. Within the ileum, 
similar changes were present within the lam- 
ina propria and crypt epithelium, with the ad- 
ditional finding of severe, locally extensive 
mucosal ulceration with replacement by 
granulation tissue. There was diffuse and 
moderate lymphangiectasia within small in- 
testinal villi and marked depletion of mucosal 
associated lymphoid tissue. Within the colon, 
there was marked degeneration and necrosis 
of the superficial mucosal and deep glandular 
epithelium with the presence of necrotic de- 
bris present within glandular lumens. There 
was moderate granulation tissue throughout 
the lamina propria of the colon, with attenua- 
tion, loss, and regeneration of colonic glan- 
dular epithelium. There was mild edema pre- 
sent within the submucosa, and severe lym- 
phoid depletion within Peyer’s patches. In the 
cecum, there were sporadic areas of glandular 
degeneration with loss of epithelium and 
small amounts of granulation tissue within 
the lamina propria. In other organs, there was 

 
Figure 1-1. Colon, intestine, rat. Three sections of colon 
(from left) and one section of intestine are submitted 
for examination. Dilated colonic glands are visible at 
subgross magnification. (HE, 6X) 
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minimal and multifocal myofiber degenera- 
tion representative of chronic cardiomyopa- 
thy in the heart, sporadic clusters of alveolar 
histiocytes within the lung, and decreased 
erythroid progenitors within the bone mar- 
row. 

 
Contributor’s Morphologic Diagnoses: 
Small and large intestine: Enterocolitis, ne- 
crotizing and ulcerative, diffuse, with regen- 
eration. 

 
Contributor’s Comment: 
This case represents lesions which result 
from radiation toxicity to the intestinal tract. 
The lesions observed here are a continuum of 
glandular epithelial necrosis, regeneration, 
and ultimately, villar blunting, fusion, and 
granulation tissue proliferation as a result of 
cytotoxicity of rapidly dividing crypt epithe- 
lial cells. In humans, radiation-induced gas- 
trointestinal syndrome (RIGS) occurs sec- 
ondary to radiation therapy for neoplasia of 
the abdomen and pelvis and is a major limit- 
ing factor and source of morbidity and mor- 
tality in patients receiving this therapy. 

 
The detrimental effects of radiation exposure 
were first described by Walsh (1897) two 
years after the discovery of X-rays, who con- 
cluded that irradiation caused inflammation 
of the mucosa of the intestinal tract.2,16 Mech- 
anisms underlying this side effect of radiation 
are still incompletely understood, and there 
are still no effective preventions or 

 

Figure 1-2. Colon, rat. There is a segmental area of ul- 
ceration (right), with ectatic glands at the periphery. 
(HE, 52X) 

treatments for this condition. Every year, 
over 300,000 patients receive abdominal ra- 
diation for cancer treatment, and approxi- 
mately 60-80% of these patients develop 
some form of bowel toxicity.2,8 In the process 
of radiation treatment for intra-abdominal or 
pelvic neoplasia, healthy bowel is ultimately 
affected by the radiation treatment, resulting 
in significant morbidity and mortality.13 

Therefore, it is a significant limiting factor 
for many patients receiving radiation therapy 
for abdominal or pelvic neoplasia.19,26 How- 
ever, radiation therapy is still a mainstay of 
cancer treatment, used in approximately half 
of cancer patients, and is therapeutically crit- 
ical in ~25% of cancer cures so a better un- 
derstanding of mechanisms behind RIGS and 
preventative measures against it are critical.8 

 
In acute cases of RIGS, the intestine repre- 
sents an important organ at early risk, be- 
cause of the nature of intestinal biology. 
While the pathophysiology of RIGS is still 
not fully understood, data suggests that it 
arises from a complex interaction of epithe- 
lial damage, and alterations in the immune, 
vascular, and enteric nervous systems, influ- 
enced by host (co-morbidities such as IBD, 
diabetes, vascular or collagen disorders, ge- 
netic predisposition, body mass index, to- 
bacco smoking, genetic disorders) and thera- 
peutic factors (dose of radiation, length of 
bowel involved, concurrent chemotherapy, 
abdominal surgery).8,13 Intestinal epithelium, 
particularly intestinal stem cells (ISCs) have 
a high rate of proliferation and thus make the 
bowel a sensitive target for radiation tox- 
icity.13 In acute RIGS, this phase occurs im- 
mediately following exposure and may per- 
sist for hours to several days, and results from 
a direct cytotoxic effect of radiation resulting 
in cytotoxicity of crypt epithelial cells, in- 
cluding stem cells, which results in epithelial 
cell loss, villus blunting, fusion, and impair- 
ment of epithelial barrier function with loss 
of    electrolytes,    water,    protein, mucosal 
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ulceration, and increased permeability to lu- 
minal pathogens and antigens, resulting in 
mucosal inflammation and ultimately sys- 
temic effects of sepsis.2,8,13,16 Compromise to 
the vascular architecture leads to hemorrhage 
and thrombosis, which precedes ischemic 
damage; in addition, several animal studies 
have shown a direct effect on the enteric 
nervous system, resulting in reduced transit 
time and intestinal ileus.13 

 
As lesions progress, acute RIGS may resolve 
following cessation of radiation exposure, or 
in some cases (often months to several years 
following exposure) may become a chronic 
condition, secondary to progressive occlusive 
vasculitis, extracellular matrix remodeling, 
and collagen deposition resulting in atrophy 
of the intestinal mucosa, fibrosis, structure 
formation, fistula development, and intestinal 
obstruction or perforation; the chronic form 
of RIGS occurs in up to ~17% of individuals 
treated with abdominal/pelvic irradia- 
tion.8,13,16 In fact, a latency period of several 
decades (20-30 years) between radiation ther- 
apy and chronic RIGS is not an uncommon 
clinical phenomenon.8 

 
While the pathophysiology of RIGS is poorly 
understood, a number of studies have shown 
a relationship between growth factor path- 
ways, cell cycle proteins, DNA damage me- 
diators, and developmental or stem cell path- 
ways in the progression of disease. For exam- 
ple, radiation induced damage to the intesti- 
nal tract is associated with upregulation of the 
JNK-MAPK cell growth and proliferation 
pathways and decreased expression of stress- 
activated p38 MAPK pathways which are im- 
portant for regeneration and repair of intesti- 
nal mucosal defects.26 Inhibition of the cell 
cycle, either through cyclin/cdk complex in- 
hibition, or modulation of cell cycle regula- 
tors and DNA damage checkpoint mediators, 
appears to protect against or improve re- 
sponse to GI toxicity; CDK4/6 inhibitors 

 

 
Figure 1-3. Colon, rat. Dilated colonic glands are lined 
by attenuated epithelium and contain low numbers of 
necrotic epithelium and cellular debris. (HE, 158X) 

improve survival in irradiated mice by block- 
ing crypt epithelial apoptosis and promoting 
epithelial cell survival and self-renewal 
through upregulation of stem cell factors 
(LGF5, BMI-1, Hopx, mTERT, Lrig1) and 
inhibiting radiation induced P53 apoptotic re- 
sponse.16,17,18,19,24 Prophylactic therapy with 
various growth factors and cytokines such as 
TGFb, IL-11, keratinocyte growth factor 
(KGF), and Kruppel-like factor (KLF) in- 
creases crypt survival following radia- 
tion.1,2,7,15 Radiation induced injury to the in- 
testinal tract is also associated with increased 
levels of oxidative tissue injury, and studies 
have shown that certain antioxidants and me- 
diators of oxidative stress play a role in RIGS 
and its progression. For example, cyclooxy- 
genase induced prostaglandins prevent cyto- 
toxicity of crypt epithelial cells in mice,16 and 
alterations in the mTOR-PI3K and NRF2 
pathways regulating oxidative stress can pro- 
tect the intestinal tract through mediation of 
oxidative stress and upregulation of stem cell 
factors and growth pathways such as the NF- 
kB pathway.5,25 Finally, blockage of the TLR 
pathway, important in promotion of inflam- 
matory responses to microbial pathogens, 
protects from lethal radiation induced intesti- 
nal injury in mice.22 

 
Since intestinal stem cells are a target of ra- 
diation induced toxicity, activation of devel- 
opmental and stem-cell embryonic pathways 
have shown to be effective in mediating 
RIGS in animal models, as epithelial regen- 
eration following radiation injury requires 

308



intestinal stem cell repopulation.12,14,19 For 
example, activation of the Wnt/beta-catenin 
pathway or suppression of the adenomatous 
polyposis coli (Apc) gene function in radia- 
tion injury stimulates repair and significantly 
improves morbidity and mortality in mice 
following high dose radiation.19 Notch sig- 
naling, another developmental/stem cell 
pathway, regulates self-renewal of intestinal 
stem cells and activation of this pathway ac- 
celerates reversal of radiation induced dam- 
age in the intestinal tract.14 Mesenchymal 
stem cells, or stromal progenitor cells (SPCs) 
have been shown to have regenerative, im- 
mune modulatory, angiogenic, and anti-in- 
flammatory properties that promote heal- 
ing.3,21 In addition, the recruitment of extra- 
intestinal and bone marrow-derived cells has 
been shown to play a role in promotion of in- 
testinal healing and improvement of morbid- 
ity and mortality in radiation-induced intesti- 
nal injury through secretion of growth fac- 
tors, stem cell mediators, and inflammatory 
cytokines in a paracrine fashion.21 

 
Lastly, there is a significant role of the micro- 
biome in the response to RIGS.8,13 Radiation 
of the intestinal tract results in alterations in 
normal intestinal microbiota, which is an im- 
portant factor in the pathogenesis of radiation 
enteritis; radiation reduces the normal diver- 
sity of the gut microbiota and leads to dysbio- 
sis, which aggravates RIGS by weakening in- 
testinal epithelial barrier function and pro- 
moting inflammation.4,9 Changes in the mi- 
crobiome of the intestine reflect altered 

 

 
Figure 1-4. Colon, rat. Beneath affected glands, lympho- 
cyte numbers in Peyer’s patches are markedly dimin- 
ished. (HE, 241X) 

diversity reflective of decreased beneficial 
Lactobacillus and Bacterioides spp. and in- 
creased E. coli and Streptococcus spp.23,26 As 
a further result of altered diversity of mi- 
crobes, the composition of short-chain fatty 
acids (SCFAs), the key metabolites generated 
by large intestinal microbial metabolism, is 
altered as well; SCFAs play an important role 
in intestinal repair, inflammation, and home- 
ostasis in the gut.26 Transplantation of normal 
fecal microbiota has been shown to improve 
survival in irradiated animals and improve 
overall function of the intestinal tract.4 

Dysbiosis also promotes inflammation and 
alterations in barrier function in the intestinal 
tract, influenced by enhanced pro-inflamma- 
tory cytokine signaling through TNFa and 
IL1b expression, and rearrangement of im- 
portant tight junction proteins induced by mi- 
crobes such as pathogenic E. coli.9,23 In fact, 
beneficial effects on intestinal symptoms 
have been observed using probiotics includ- 
ing Lactobacillus in animal models and hu- 
mans in reducing endotoxin levels, reduction 
in severity of bowel injury, and reduction in 
potential bacteremia.13 

 
In summary, a full understanding of the path- 
ophysiology of radiation induced injury in 
the intestinal tract is still incomplete, but 
likely involves a complex interplay between 
epithelial damage and repair, induction of de- 
velopmental and stem cell pathways, growth 
factors and cell cycle/DNA damage media- 
tors, the inflammasome, endothelial injury, 
tissue remodeling, and effects on the enteric 
nervous system, influenced by alterations in 
normal gut microbiota to result in the clinical 
syndrome of RIGS. 

 
Contributing Institution: 
In Vivo Animal Core, Unit for Laboratory 
Animal Medicine 
University of Michigan Medicine 
North Campus Research Complex, Building 
36, Rm G177 
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2800 Plymouth Road 
Ann Arbor, MI 48109 

 
JPC Diagnosis: 
1. Colon: Colitis, necrotizing, multifocal to 
coalescing with glandular regeneration and 
lymphoid depletion. 
2. Small intestine: Enteritis, necrotizing, seg- 
mental, moderate, with ulceration, crypt ab- 
scesses, and crypt hyperplasia. 

 
JPC Comment: 
The contributor provides an excellent de- 
scription of radiation-induced gastrointesti- 
nal syndrome. To see the effects of ionizing 
radiation on the lung, WSC 2021, Conference 
17, Case 4 is a case of radiation pneumonitis 
in a rhesus macaque exposed to whole thorax 
radiation, and the contributor described the 
pathogenesis behind acute and chronic 
phases of injury. 

 
This week’s moderator, Dr. Cory Brayton of 
Johns Hopkins University School of Medi- 
cine, commented on the atypical features of 
regeneration in this case, including anyisocy- 
tosis, anisokaryosis, and presence of goblet 
cells in the crypts, which provide clues as to 

pathogenesis of this case. IBA-1 revealed the 
scattered inflammatory infiltrate in the lam- 
ina propria to be composed of abundant mac- 
rophages called into clean up necrotic cellu- 
lar debris. 

 
Additionally, she pointed out a histoanatomic 
feature which is helpful identifying origin of 
a colonic section: the mucosal folds in pre- 
sent in the colonic section in this case are 
more prominent in the proximal section of the 
colon and correspond to grossly visible diag- 
onal lines on the serosal surface. 

 
Acute radiation syndrome occurs after expo- 
sure to a substantial amount of ionizing radi- 
ation and may occur as a result of radiother- 
apy/radiopharmaceuticals, nuclear accidents, 
or atomic bombings. The effects are depend- 
ent on both the dose and type of radiation and 
regions and proportion of the body exposed. 
Systems particularly sensitive to acute radia- 
tion injury include the hematopoietic, gastro- 
intestinal, integumentary, and nervous sys- 
tems. The prodrome phase of ARS occurs im- 
mediately after exposure and results in nau- 
sea, vomiting, fatigue, or loss of conscious- 
ness from autonomic stability.6 This is 

 

 
Figure 1-5. Intestine, rat. There are necrotic crypts within the intestinal mucosa as well. (HE, 241X) 
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Figure 1-6. There are numerous macrophages infiltrat- 
ing the lamina propria of irradiated segments of intes- 
tine. (IBA-1, 200X) 

followed by a variable and dose-dependent 
latent period followed by manifest illness.6 

Apoptosis of myeloid precursors in bone 
marrow and peripheral leukocytes (particu- 
larly lymphocytes) leads to cytopenias.6,11 

Thrombocytopenia results in hemorrhage, 
while lymphopenia and neutropenia impair 
immune function.6,11 Radiation induced gas- 
trointestinal system leads to transmigration of 
bacteria and subsequent septicemia.6 At 
higher levels of exposure, neurologic injury 
and hemorrhage injury occurs.6,11 

 
The radiation exposure level required to in- 
duce clinical signs is variable between spe- 
cies and between individuals. The LD50/30, 
or the dose where 50% of animals survive 30 
days without medical care, varies from as lit- 
tle as 2.5 Gy in swine to up to 10 Gy in Mon- 
golian gerbils.6 For reference, 1 Gy is approx- 
imately 300 times the annual background ra- 
diation exposure of a person in the US.20 

 
Severity is of radiation injury is compounded 
when it is followed by or simultaneous with 
other trauma (i.e. thermal burns, wounds).6,11 

In a canine study, thermal burns covering 
20% of the body resulted in minimal mortal- 
ity, but when combined with 1 Gy exposure, 
burns of the same extent caused 73% mortal- 
ity.6 This compounded effect is attributed, at 
least in part, to delayed wound healing and 
acute immunosuppression from radiation 

injury.6,11 The likelihood of polytrauma in ra- 
diation exposure secondary to nuclear 
weapon detonation is high: approximately 
70% of atomic bomb survivors in Hiroshima 
and Nagasaki and 10% of Chernobyl nuclear 
accident survivors experienced combined in- 
juries.11 

 
Effects of acute radiation syndrome are con- 
sidered deterministic, as exposure above a 
certain threshold produces these injuries con- 
sistently as a result of direct cellular damage 
and tissue reactions.10 Deterministic effects 
may occur acutely or have a late onset.10 Sto- 
chastic effects, on the other hand, tend to 
have a late onset and are the result of genetic 
damage. These do not occur as consistently 
as deterministic effects; rather, the incidence 
of disease increases proportionally with the 
degree of exposure. An example of a stochas- 
tic effect is an increased risk of cancer due to 
mutations in somatic cell DNA; hereditary 
effects also occur as a result of mutations in 
germline cells.10 

 
Long term stochastic effects of radiation ex- 
posure have been extensively documented in 
the Life Span Study, a decades-long and on- 
going study evaluating the medical outcomes 
of 93,741 atomic bombing survivors from Hi- 
roshima and Nagasaki and 26,580 unexposed 
cohorts.20 The earliest stochastic effect was 
an increase in rates of leukemia seen within 
two years of the bombings. Since then, the 
study has uncovered a significant linear and 
dose dependent increase in the occurrence of 
cancers in multiple locations, including the 
stomach, lung, liver, colon, thyroid, and 
skin.20 Risks of death due to solid cancers, 
stroke, and heart disease are significantly in- 
creased in exposed individuals.20 The study 
also found a decrease rate of growth in those 
who were 5-15 years old at the time of the 
bombings.20 
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CASE II: 

 
Signalment: 

 

Figure 2-1. Liver, mouse. Three sections of the liver are 
submitted for examination. There are no changes evi- 
dent at subgross magnification. (HE, 6X) 

Three ~12-week-old male mice (Mus muscu- 
lus) on a C57BL/6J background were evalu- 
ated. 

 
History: 
Mice were heterozygous knockouts for a 
gene involved in tRNA modification* and 
had no clinically detectable phenotype. The 
mutation had been generated in C57BL/6J 
mice (B6J) and backcrossed to wild-type 
B6J. 
*The phenotype of this mutation is as yet un- 
published, and permission has not been 
granted to reveal the specific gene. 

 
Gross Pathology: 
Two of the three male mice had small livers 
at necropsy. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
In the livers of all three mice, portal veins 
were diffusely absent or small and slit-like. 
Portal triads frequently contained multiple 
hepatic arteriolar profiles (arteriolar redupli- 
cation), many of which had thickening of the 
tunica media. Periportal lymphatics were di- 
lated and prominent and mild dilation of he- 
patic sinusoids was also present multifocally. 
Two of the three mice also had multifocal, 
random and perivascular small aggregates of 
infiltrating leukocytes, sometimes accompa- 
nied by focal loss or degeneration of hepato- 
cytes. Infiltrating leukocytes consisted of 
mononuclear cells and, less frequently, neu- 
trophils. 

 
Contributor’s Morphologic Diagnoses: 
Liver: 
1. Portal vein hypoplasia, diffuse, severe, 
with lymphatic ectasia and arteriolar redupli- 
cation 
2. Mononuclear and neutrophilic infiltration, 
random and perivascular, mild 
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Contributor’s Comment: 
Portal vein hypoplasia is the histologic man- 
ifestation of intra or extrahepatic portosys- 
temic shunting (PSS).1,4 In dogs, the term mi- 
crovascular dysplasia (MVD) has been used 
to describe histologic findings of PSS in the 
absence of a detectable shunt but, because the 
histology and pathogenesis of MVD overlap 
with that of congenital PSS, the morphologic 
diagnosis of portal hypoplasia is now pre- 
ferred for both conditions according to the 
World Small Animal Veterinary Associa- 
tion.4 Portal vein hypoplasia is characterized 
by absent or slit-like portal vein profiles and 
increased hepatic arteriolar profiles, or arteri- 
olar reduplication. Arteriolar reduplication 
can occur with portal hypertension6, however 
congenital PSS lacks portal hypertension 
and, as in this submission, associated changes 
of portal fibrosis may be absent. In PSS, arte- 
riolar duplication may represent a compensa- 
tory response to decreased portal delivery of 
trophic factors to hepatocytes.1 

 
Spontaneous congenital portosystemic shunt- 
ing (PSS) with a microscopic appearance 
similar to this submission was recently de- 
scribed in a fairly high (~25%) number of 
C57BL6/J mice.2 Affected mice were both 
transgenic and wild-type and originated from 
multiple different institutions, thus the find- 
ing was believed to be background strain-re- 
lated. Shunting was not visible grossly and 
was confirmed by microscopy and by spe- 
cialized imaging of blood flow through the 
liver. Based on shunt location (within the left 
side of the liver), pathogenesis was specu- 
lated to involve persistence of the ductus 
venosus (shunts blood from placenta to vena 
cava in the fetus). Inheritance was non-Men- 
delian and epigenetic alterations were sus- 
pected. As is typical of PSS in dogs, bilirubin, 
alanine aminotransferase (ALT), and aspar- 
tate aminotransferase (AST) remained within 
historic reference intervals, although affected 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-2. Liver, mouse. Hepatic lobules are decreased 
in size; portal triads are in close proximity. (HE, 100X) 
(Photo courtesy of: University of Michigan Unit for La- 
boratory Animal Medicine In Vivo Animal Core (IVAC) 
https://animalcare.umich.edu/business-services/vivo- 
animal-core) 

mice had greater variation in AST and ALT. 
Bile acids may be more diagnostic but are not 
routinely performed in mice. Of note, af- 
fected mice were originally identified by an 
abnormal brain neurochemical profile (ele- 
vated glutamine) during screening by proton 
magnetic resonance spectroscopy. Glutamine 
is an end-product of ammonia detoxification 
by astrocytes in hepatic encephalopathy. Alt- 
hough symptoms of hepatic encephalopathy 
were not described, elevation of brain gluta- 
mine levels correlated with portosystemic 
shunting and may indicate some level of sub- 
clinical metabolic encephalopathy.2 Thus, al- 
tered metabolism and/or neurochemistry in 
B6J mice with this defect may affect their 
suitability for research. 

 
Based on this previous report, intrahepatic 
shunting may be more common than typi- 
cally realized in mice and caution is war- 
ranted in specifically ascribing a finding of 
portal hypoplasia to genetic manipulation. In 
this submission, it was not possible to deter- 
mine whether portal vein hypoplasia was re- 
lated to the knockout gene, but spontaneous 
occurrence was suspected due to the back- 
ground strain and the lack of a biologically 
plausible link between the knockout to the le- 
sion. It is intriguing that the lesion was 
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present in 3 of 3 male but 0 of 3 female het- 
erozygotes, however the knockout was not 
restricted to the liver nor was a sex-linked or 
liver-restricted phenotype expected. Other 
mice from the strain were not available for 
evaluation. No clinical signs suggestive of 
symptomatic portosystemic shunting (neuro- 
logical symptoms, small size) were seen, alt- 
hough 2 of the male mice were noted to have 
small livers at necropsy. 

 
Small foci of random or perivascular infiltrat- 
ing leukocytes as seen in these mice are com- 
mon murine background findings. Since they 
were occasionally accompanied by hepato- 
cyte loss, they may have been exacerbated in 
this case by decreased trophic supply of nu- 
trients to hepatocytes due to portal hypo- 
plasia. 

 
Contributing Institution: 
University of Michigan Unit for Laboratory 
Animal Medicine In Vivo Animal Core 
(IVAC) https://animalcare.umich.edu/busi- 
ness-services/vivo-animal-core 

 
JPC Diagnosis: 

Liver, portal areas: Venous hypoplasia, mul- 
tifocal. 

 
JPC Comment: 
The histologic appearance in this case is char- 
acteristic of portal vein hypoperfusion: de- 
creased portal vein profiles, increased num- 
bers of arteriolar profiles due compensatory 
hyperperfusion, and hepatocellular atrophy 
with irregularly spaced small portal triads. 
Portal vein hypoperfusion can also feature 
periportal fibrosis, biliary ductular reaction, 
and lipogranulomas.3,4 

 
Portal vein hypoperfusion is the non-specific 
result of several distinct diseases. In many of 
these conditions, hypoperfusion is the result 
of portal hypertension, which can result in as- 
cites, a useful distinguishing clinical charac- 
teristic. Examples of diseases which produce 
portal hypertension include arterioportal fis- 
tulas, obstruction of the portal vein, and pri- 
mary portal vein hypoplasia.4 Obstruction of 
the portal vein may occur due to thrombosis 
or neoplasia and leads to decreased portal 
blood flow and hypoperfusion. In arteriove- 
nous fistulas, blood travels from a higher- 

 

 
Figure 2-3. Liver, mouse. Portal areas contain multiple sections of arterioles, bile ducts, and dilated lymphatics. Portal venules 
are not evident. (HE, 381X) 
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pressure artery into the portal vein, leading to 
retrograde venous blood flow. While the di- 
rectly affected lobe contains venous aneurys- 
mal dilations and thick tortuous arteries, sub- 
sequent portal hypertension causes character- 
istic portal vein hypoperfusion in the unaf- 
fected lobes. Primary hypoplasia of the portal 
vein may occur in extrahepatic or intrahe- 
patic locations. Some forms are mild, and his- 
tologic lesions are limited to those of hy- 
poperfusion; moderate to severe forms are 
characterized by portal fibrosis and portal hy- 
pertension. 

 
The end result of portal hypertension is ac- 
quired portosystemic shunting of blood, 
where blood flows through numerous en- 
larged and tortuous collateral veins to reach 
systemic circulation. Congenital portosys- 
temic shunts, on the other hand, characteris- 
tically lack portal hypertension. The flow of 
blood bypasses the liver, traveling directly 
from portal vessels to the caudal vena cava or 
azygous vein and causing portal vein hy- 
poperfusion. 

 
Several features of portosystemic shunts in 
C57BL/6J mice were described in a recent 
study evaluating the effect of portal circula- 
tion in non-alcoholic fatty liver disease.5 In 
PSS mice, the hepatic surface was faintly 
nodular and dull compared to normal livers.5 

Staining with pimonidazole, a hypoxia 
marker, revealed strong staining in the cen- 
trolobular region but negative staining in the 
portal regions, illustrating that arteriolar 
compensation for portal hypoperfusion was 
not able to fully oxygenate the distant cen- 
trolobular zone.5 When given the hepatotoxin 
carbon tetrachloride, PSS mice had less he- 
patic injury than non-PSS mice.5 This was 
previously reported to be due to decreased 
CYP2E1 expression; however, this study 
found CYP2E1 expression was increased in 
PSS mice and the authors speculated that 

decreased oxygen availability from hypoxia 
may have reduced free radical generation.5 

 
The moderator described some of the porto- 
systemic shunts may have on research stud- 
ies, including smaller livers, altered neuro- 
chemical phenotypes, and altered metabolism 
of drugs and xenobiotics. Participants also 
discussed the hepatocellular anisokaryosis, 
particularly in the mid-zonal regions, which 
is an incidental aging change due to poly- 
ploidy. 
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CASE III: 
Signalment: 
13-month-old, female-intact, Sprague-Daw- 
ley rat (Rattus norvegicus) 

 
History: 
Sentinel rat, presented with abdominal dis- 
tention. On physical examination, the clini- 
cian palpated a freely moveable, large, firm 
mass within the peritoneal cavity. 

 
Gross Pathology: 
The animal is underconditioned (2/5 score). 
The right kidney is 2.834 g, the left kidney is 
122.0 g. The mass is surrounded but not ad- 
hered to omentum. Approximately 90% of 
the right kidney is replaced by a 7 x 5.5 x 5 
cm, discrete, encapsulated, semi-firm, pale- 
tan to brown to red, multilobular mass. On cut 
section, the mass is composed of smooth, ho- 
mogeneous, pale-tan regions surrounding a 
friable, dark-red to brown core. 

 
Laboratory Results: 
Immunohistochemistry and special stains: 
Vimentin: Strong, diffuse, cytoplasmic im- 
munoreactivity of blastemal and stromal ne- 
oplastic populations. The primitive tubular 
epithelial structures are negative. 

 

Figure 3-1. Kidney, rat. The right kidney is replaced by a 
multilobular, pale-tan to red to brown, irregular, 
smooth mass. Sprague-Dawley rat. (Photo courtesy of 
Laboratory of Comparative Pathology; Hospital for Spe- 
cial Surgery, Memorial Sloan Kettering Cancer Center, 
The Rockefeller University, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs- 
centers/comparative-medicine-pathology) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-2. Kidney, rat. A section of kidney with a large 
unencapsulated mass is submitted for examination. 
(HE, 3X) 

Cytokeratin wide-spectrum screening 
(WSS): Strong, diffuse, cytoplasmic immu- 
noreactivity of tubular epithelial neoplastic 
cell populations. The blastemal and stromal 
components negative. 

 
Wilms tumor protein (WT1): Moderate, dif- 
fuse, nuclear immunoreactivity of the blaste- 
mal with variable immunoreactivity of the 
stromal neoplastic population and rare, 
equivocal nuclear immunoreactivity of a few 
tubular structures. 
N.b. Normal renal tubular and glomerular ep- 
ithelium also has moderate, variable nuclear 
immunoreactivity. 

 
Masson’s Trichrome: Masson’s trichrome 
confirms the presence of collagen within the 
tumor population (blue staining) and suggests 
differentiation into muscle (red staining). 

 
Microscopic Description: 
Arising from, compressing, and replacing ap- 
proximately 50% of the renal parenchyma is 
a partially encapsulated, multilobular, ill-de- 
marcated, expansile and densely cellular ne- 
oplasm that extends to cut borders. The neo- 
plasm is composed of three haphazardly or- 
ganized cell populations: epithelial, stromal 
and blastemal. The epithelial component is 
characterized by cuboidal to columnar cells 
which form tubules rimmed by a few layers 
of blastemal cells. The stromal population is 
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Figure 3-3. Kidney, rat. The blastemal population is 
composed of dense streams of basophilic polygonal 
cells with scant cytoplasm, and indistinct cell borders. 
(HE, 400X) (Photo courtesy of Laboratory of Compara- 
tive Pathology; Hospital for Special Surgery, Memorial 
Sloan Kettering Cancer Center, The Rockefeller Univer- 
sity, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs- 
centers/comparative-medicine-pathology) 

composed of fusiform cells arranged in bun- 
dles and are supported by a loose fibrovascu- 
lar stroma. Multifocally, there is differentia- 
tion of the mesenchymal cells into collagen, 
striated and smooth muscle. The blastemal 
population is composed of dense streams of 
basophilic polygonal cells with scant cyto- 
plasm, and indistinct cell borders. Anisocyto- 
sis and anisokaryosis are mild. The mitotic 
count in the blastemal population is high, but 
low in the other populations. The mass has 
large lakes of necrosis, hemorrhage, edema, 
fibrin and rare mineralization, admixed with 
large numbers of degenerate and non-degen- 
erate neutrophils, macrophages, and lesser 
numbers of lymphocytes and plasma cells. 
Multifocally, vessels are partially occluded 
by fibrin thrombi. At the margins of the mass, 
scattered within the stromal population, are 
small numbers of misshapen, partially devel- 
oped and variably sclerotic glomeruli, occa- 
sionally surrounded by an ectatic Bowman’s 
space. Adjacent to these, there are small num- 
bers of variably sized tubules, which are not 
surrounded by a rim of blastemal cells. 

 
 

Contributor’s Morphologic Diagnoses: 
Kidney: Triphasic nephroblastoma with stri- 
ated and smooth muscle differentiation (syn: 
Wilms Tumor) 

 
Contributor’s Comment: 
A nephroblastoma, also known as a Wilms 
tumor (WT), is an undifferentiated, embryo- 
nal, mesodermal tumor with multipotent dif- 
ferentiation capabilities, that is thought to 
arise from the primitive renal stem cell.14 It is 
the most common renal tumor in childhood.9 

In human pediatric patients, it is associated 
with germline and/or somatic mutations of 
the WT1 gene, but other genes are thought to 
be involved as well3. Precursor lesions of WT 
are so called nephrogenic rests and are de- 
fined as “a focus of abnormally persistent 
nephrogenic cells, meaning cells that can be 
induced to form a Wilms’ tumor”.3 

 
Histologically, WT present with three dis- 
tinct cell types: epithelial, stromal, and blas- 
temal. All three elements are not required for 
diagnosis, but when all are present, the term 
“triphasic” is used. Heterologous compo- 
nents, including collagen, smooth muscle, 
skeletal muscle, cartilage, and bone may also 

 

Figure 3-4. Kidney, rat. The stromal population is com- 
posed of fusiform cells arranged in bundles and are sup- 
ported by a loose fibrovascular stroma. (HE, 400X) 
(Photo courtesy of Laboratory of Comparative Pathol- 
ogy; Hospital for Special Surgery, Memorial Sloan Ket- 
tering Cancer Center, The Rockefeller University, Weill 
Cornell Medicine. https://www.mskcc.org/research-ar- 
eas/programs-centers/comparative-medicine-pathol- 
ogy) 
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be present. Zhuang et al. showed that the 
blastemal, epithelial, stromal, and other het- 
erologous components of WT all have identi- 
cal genetic changes, suggesting all features of 
this tumor are neoplastic.21 

 
In laboratory animals, nephroblastomas have 
been frequently reported in rats, but are infre- 
quent in mice and non-human primates.4,6 In 
rats, nephroblastomas occur both experimen- 
tally and spontaneously. Experimentally, 
they can be induced by chemical administra- 
tion of N-ethyl-N-nitrosurea or N-methyl-N- 
nitrosourea, both alkylating agents.20 Sponta- 
neously, they have been reported in Sprague- 
Dawley and F344 rats, with only rare reports 
of metastases to the lymph nodes and 
lungs.5,18 No metastases were identified in 
our case. 

 
The diagnosis of triphasic WT was based on 
the presence of blastemal, epithelial, and 
stromal components. Primitive tubular struc- 
tures, surrounded by a rim of blastemal cells 
were identified, however, there was no evi- 
dence of primitive glomeruloid structures. In 
addition, there was widespread differentia- 
tion of the stromal components into striated 

 

 
Figure 3-5. Kidney, rat. The epithelial component is 
characterized by cuboidal to columnar cells which form 
tubules rimmed by a few layers of blastemal cells. (HE, 
400X) (Photo courtesy of Laboratory of Comparative 
Pathology; Hospital for Special Surgery, Memorial 
Sloan Kettering Cancer Center, The Rockefeller Univer- 
sity, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs- 
centers/comparative-medicine-pathology) 

 

 
Figure 3-6 Kidney, rat. The stromal population has large 
areas with heterologous smooth muscle differentiation. 
(HE, 400X) (Photo courtesy of Laboratory of Compara- 
tive Pathology; Hospital for Special Surgery, Memorial 
Sloan Kettering Cancer Center, The Rockefeller Univer- 
sity, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/programs- 
centers/comparative-medicine-pathology) 

and smooth muscle, and collagen. The diag- 
nosis of WT was aided by immunoreactivity 
of both blastemal and stromal populations 
with WT1, vimentin and immuno-negativity 
for cytokeratin WSS. The epithelial compo- 
nent was positive for cytokeratin, equivocally 
immunoreactive for WT1 and negative for vi- 
mentin. However, from our search, the veter- 
inary literature is inconclusive regarding im- 
munohistochemical profiles of these tumors, 
especially regarding the epithelial compo- 
nent. This may in part be due to the challenge 
in differentiating the epithelial population 
from the blastemal population, the choice of 
antibody, or the up/downregulation of certain 
proteins at different cellular developmental 
stages. In our case, the identification of epi- 
thelial components was simplified by the 
presence of discrete tubular structures, which 
were immunoreactive with cytokeratin WSS. 

 
The main differential diagnosis for a WT is a 
renal mesenchymal tumor (RMT). RMTs 
arise from multipotential spindle-shaped 
mesenchymal cells, and, like WTs, can also 
give rise to heterologous components, such as 
smooth or skeletal muscle, fibrous tissue, car- 
tilage   and/or   bone.17     Further  misleading 
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pathologists, profiles of hyperplastic tubules 
are frequently found in RMTs, but these are 
considered preexisting entrapped renal tu- 
bules, rather than newly formed. The pathog- 
nomonic feature of WTs is the population of 
blastemal cells, which are immediately ap- 
parent in our case. 

 
Finally, the significance of multiple, individ- 
ual, partially developed, and variably scle- 
rotic glomeruli, as well as variably sized tu- 
bules within the stromal population at the 
margins of the tumor is not determined. We 
suspect these may represent normal renal 
structures that were entrapped and separated 
from the renal parenchyma at the early onset 
of neoplasia. However, we cannot exclude 
that they may have arisen de novo. 

 
Contributing Institution: 
Laboratory of Comparative Pathology; Hos- 
pital for Special Surgery, Memorial Sloan 
Kettering Cancer Center, The Rockefeller 
University, Weill Cornell Medicine. 
https://www.mskcc.org/research-areas/pro- 
grams-centers/comparative-medicine-pathol- 
ogy 

 
JPC Diagnosis: 
Kidney: Nephroblastoma. 

 
 

Figure 3-7. Kidney rat. The tubular structures formed 
by the epithelial population have strong cytoplasmic 
immunoreactivity, while the surrounding blastemal 
cells are negative. Cytokeratin WSS IHC. 

 

 
Figure 3-8. Kidney, rat. The blastemal and stromal pop- 
ulations have moderate cytoplasmic immunoreactivity, 
while the tubular structures of the epithelial population 
are negative. Vimentin IHC. 

JPC Comment: 
Nephroblastomas are the most common renal 
neoplasms in pigs, chickens, and fish.13 In 
pigs, they generally exhibit a benign behav- 
ior.13 Nephroblastomas also occur in a variety 
of other veterinary species, including dogs, 
cats, bovine fetuses, Japanese eels, guanacos, 
cottontail rabbits, and budgerigars.1,8,10,16 In 
recent literature, a primary nephroblastoma 
was reported in the nasopharynx of a 3- 
month-old Boer goat, and unilateral stromal- 
type nephroblastomas were reported in the 
kidneys of two hedgehogs.2,19 

 
In dogs, nephroblastomas are the third most 
common renal neoplasm, accounting for ap- 
proximately 5% of renal neoplasia.13 Up to 
50% of canine nephroblastomas metastasize, 
and potential sites include the contralateral 
kidney, lung, liver, mesenteric lymph nodes, 
and spinal cord.7 A recent report also de- 
scribed the first documented case of gingival 
metastasis in an 8 year old miniature Pin- 
scher.7 Primary spinal nephroblastomas also 
occur in young dogs, arising from nephro- 
genic rests between the dura and spinal cord, 
typically in the thoracolumbar region.12 A re- 
cent report in a 1-year-old male American 
pitbull terrier documented multifocal spinal 
nephroblastomas arising in the thoracolum- 
bar region, cervical intumescence, sacral 
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Figure 3-9. Kidney, rat. The blastemal population has 
moderate, nuclear immunoreactivity, while the nuclear 
immunoreactivity of tubular structures is equivocal and 
appears to correspond to reactivity of nucleoli. WT1 
IHC. 

segment, and cauda equina.11 The authors be- 
lieved that neoplastic seeding of the CNS re- 
sulted in the multifocal distribution, because 
vascular invasion was not observed but neo- 
plastic cells expanded Virchow-Robbins 
spaces (which are continuous with the sub- 
arachnoid space).11 

 
Differential diagnoses discussed by the con- 
tributor included renal cell carcinoma, renal 
mesenchymal tumor, amphophilic vacuolar 
tumor, renal sarcoma, and liposarcoma; diag- 
nostic criteria for the tumors can be reviewed 
on the Global Open Registry Nomenclature 
Information System at goRENI.org. 
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CASE IV: 

 
Signalment: 
Adult, female, Sprague Dawley rat, Rattus 
norvegicus 

 
History: 
The animal was in the control group on a 5- 
week general toxicology study. The animal 
was dosed with vehicle via oral gavage and 
had no notable clinical signs. 

Gross Pathology: 
There were no significant gross lesions. 

 
Laboratory Results: 
There were no abnormalities on urinalysis, 
serum chemistry, or hematology. 

 
Microscopic Description: 
In a section of kidney, at the junction of the 
medulla and cortex are multifocal areas of 
proliferative stellate to polygonal blastemal 
cells separating and infiltrating between nor- 
mal fully developed tubules supported by a 
small amount of fine fibrovascular stroma. 
The blastemal cells have a small amount of 
pale basophilic cytoplasm, have indistinct 
cell borders, and are arranged in streams, 
nests, rosettes, and irregular tubules. The tu- 
bules are lined by a single layer of epithelial 
cells or are piled haphazardly. The cells have 
ovoid nuclei with finely stippled chromatin 
and 1-3 nucleoli. There are 1-2 mitoses per 
high power (400x) field. Small numbers of 
lymphocytes infiltrate these areas. Adjacent 
areas of the medulla and cortex appear unaf- 
fected. 

 
Contributor’s Morphologic Diagnoses: 
Kidney: Multifocal nephroblastematosis 

 
Contributor’s Comment: 
Nephroblastematosis is a spontaneous/inci- 

 

Figure 4-1. Kidney, rat. One section of kidney is submit- 
ted for examination. There are multiple hypercellular 
foci within the cortex. (HE, 5X) (Photo courtesy of: 
Charles River Laboratories, Mattawan, MI) 

dental lesion that can be encountered in rats 
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in toxicologic studies.2 This condition is also 
known as nephroblastomatosis, blastemal 
rest, nephrogenic rest, or intralobar nephro- 
blastematosis and has been reported in rats, 
dogs, and human children.2,5,6,7 Nephroblas- 
tematosis can be encountered in any age of 
rat and may have the potential to develop into 
nephroblastomas as the lesions enlarge; thus, 
they are regarded as preneoplastic le- 
sions.1,2,6,7 These lesions are not grossly ap- 
parent, and by the time the lesions are large 
enough to be observed grossly, they are more 
consistent with a diagnosis of nephroblas- 
toma.7 

 
As described, the lesions are composed of 
microscopic masses at the corticomedullary 
junction composed of dense blastemal cells 
with scant basophilic cytoplasm and baso- 
philic nuclei (Figure 1).2 There may be rare 
renal organoid differentiation into rosettes, 
glomeruloid structures and tubules (Figure 
2).2 Adjacent pars recta tubules may have mi- 
totic figures, which is an autocrine response 
to the blastema.1 These lesions usually do not 
cause severe disruption of the surrounding 
kidney architecture, though may be associ- 
ated with dilated tubules.7 

 
Nephroblastoma is the main differential for 
this lesion, though the delineation between 
these findings appears arbitrary and based on 
size and degree of organoid differentiation 
such as more tubules and glomerular struc- 
tures.2,7 Nephroblastematosis also usually 
presents with a multifocal nature, as in this 
case.2 

 
In humans, nephrogenic rests are differenti- 
ated into incipient, dormant, involuting, hy- 
perplastic, or neoplastic rests.1,5 Incipient 
rests have microscopic evidence of prolifera- 
tion or maturation and are seen in infants.5 

Dormant rests are present in older people and 
may remain unchanged for years.1,5 Involut- 
ing, also known as sclerosing or obsolescent, 

rests are composed of a well-formed tubule 
lined by a single layer of low-cuboidal epi- 
thelium surrounded by dense collagen, and 
may eventually disappear.1,5 Hyperplastic 
rests exhibit proliferation in diffuse or focal 
areas and may progress to grossly apparent 
masses.1 Neoplastic rests are those in which 
neoplastic transformation occurs within sin- 
gle cells of the rest which go on to produce 
Wilms tumor.1 These rests can also be sepa- 
rated into perilobar or intralobar nephrogenic 
rests.1 Perilobar nephrogenic rests occur at 
the periphery of the lobe, whereas intralobar 
rests occur anywhere within the lobe.1 In hu- 
mans, intralobar nephrogenic rests have been 
associated with loss or mutation of the WT1 
gene.1 

 
Some authors refer to nephroblastematosis in 
rats, which have a unilobar kidney, as intra- 
lobar nephroblastematosis as the blastemal 
cells occur within the lobule at the corticome- 
dullary junction.7 While some authors con- 
sider the terms nephroblastematosis and 
nephroblastomatosis to be synonymous, oth- 
ers consider the terminology nephroblasto- 
matosis to represent multiple grossly appar- 
ent nephroblastomas.2,7 Nephroblastematosis 
is the preferred terminology by the Interna- 
tional Harmonization of Nomenclature and 
Diagnostic Criteria for Lesions in Rats and 
Mice (INHAND) Project and Standardization 
for Exchange of Nonclinical Data (SEND).2 

 
Contributing Institution: 
Charles River Laboratories, Mattawan, MI 

 

 
Figure 4-2. Kidney, rat. Tubules are surrounded and 
separated by blastemal cells. (HE, 200X) (Photo cour- 
tesy of: Charles River Laboratories, Mattawan, MI) 
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JPC Diagnosis: 
Kidney: Nephroblastematosis, multifocal. 

 
JPC Comment: 
The contributor provides a thorough descrip- 
tion of an uncommonly documented lesion in 
veterinary species, and this case of nephro- 
blastematosis provides a glimpse of pre-neo- 
plastic changes which may have proceeded 
the nephroblastoma from Case 3 of this con- 
ference. 

 
Nephroblastematosis was first described in a 
1961 report of a premature human infant at 
32 weeks gestation.4 The cortical surfaces 
were enlarged and slightly lobulated, and 
they kidneys were histologically consistent 
with 14-16-week gestational age, with blaste- 
mal cells surrounding areas of stroma, tu- 
bules, and glomeruli. 4 In that case, both kid- 
neys were diffusely affected, but it is now 
known that nephroblastomatosis more com- 
monly occurs focally or multifocally. 4 Dur- 
ing normal embryogenesis, migration of the 
ureteric bud into the metanephric blastema 
induces development of glomeruli, nephrons, 
and stroma. 4 Defects earlier in nephrogenesis 
result in the failure of differentiation in intra- 
lobular nephrogenic rests, while later defects 
result in persistent perilobular rests. 4 

Nephroblastematosis occurs when nephro- 
genic rests persist beyond 34-36 weeks ges- 
tation in humans. 4 Nephrogenic rests are 
found in approximately 1% of all human pe- 
diatric autopsies, with perilobar the most 
common  location.  4    All  nephrogenic rests 

 

Figure 4-3. Kidney, rat. High magnification of blastemal 
cells. (HE, 400X) 

 
 
 
 
 
 
 
 

 
Figure 4-4. Kidney, rat. Blastemal cells multifocal differ- 
entiate into tubules. (HE, 400X) 

have the potential to become neoplastic, ei- 
ther as adenomas (i.e. metanephric adenoma 
or adenofibroma) or nephroblastomas. 4 In 
humans, however, regression is much more 
common, and only approximately 1% pro- 
gress to neoplasia. 4 

 
As the contributor alludes to, differentiating 
nephroblastomatosis and nephroblastoma is 
challenging. In humans, nephrogenic rests 
generally have irregular margins, lack encap- 
sulation, may have foci of sclerosis between 
rests, whereas nephroblastomas are generally 
round with pseudoencapsulation and may 
lack sclerosis.4 Pre-existing non-neoplastic 
blastema may be found along the periphery 
of nephroblastomas.4 Conference partici- 
pants remarked about the presence of irregu- 
lar tubules which could lead a pathologist to 
diagnose nephroblastoma, but elected to fol- 
low criteria from human literature described 
above. 

 
Reports of nephroblastematosis are very rare 
in veterinary species, and the contributor co- 
vers this condition in rats well. Additionally, 
nephroblastomatosis has also been described 
as an incidental finding in a single cynomol- 
gus macaque.3 

 
References: 
1. Beckwith JB. Nephrogenic rests and the 

pathogenesis of Wilms tumor: Develop- 
mental and clinical consideration. Am J 
Med Genet. 1998;79:268-273. 

2. Frazier KS, Seely, JC, Hard GC, et al. 
Proliferative and nonproliferative lesions 

324



of the rat and mouse urinary system. Tox 
Pathol. 2012;40:14S-86S. 

3. Goens SD, Moore CM, Brasky KM, et al. 
Neprhoblastomatosis and nephroblas- 
toma in nonhuman primates. J Med Pri- 
matol. 2005; 34: 165-170. 

4. Hennigar RA, O’Shea PA, Grattan-Smith 
JD. Clinicopathologic features of nephro- 
genic rests and nephroblastomatosis. Adv 
Anat Pathol. 2001; 8(5):276-89. 

5. Jackson CB and Kirkpatrick JB. Nephro- 
genic rest in a Crl:CD (SD)IGS BR rat. 
Vet Pathol. 2002;39:588-589. 

6. Kelaiselvan P, Mathur KY, Pande VV, et 
al. Intralobar nephroblastematosis in a 
nine-week-old Wistar rat. Tox Pathol. 
2009;37:819-825. 

7. Mesfin GM. Intralobar nephroblastema- 
tosis: Precursor lesions of nephroblas- 
toma in the Sprague-Dawley Rat. Vet 
Pathol. 1999;36:379-390. 

325



WSC 2022-2023 Self-assessment 
Conference 15 

 

1. True or false? The enteric biome plays a significant role in the intestine’s response to radiation 
injury. 

a. True 
b. False 
c.  

2. Spontaneous congenital portosystemic shunting has recently been described in which of the 
following mouse strains? 
         a.  C57BlL6/J 
         b.  129/J 
         c.  CD-1 
         d.  NOD/SCID 

 
3. In animals with microvascular dysplasia, which is the following is either markedly hypoplastic or 

absent? 
a. Veins in portal triads 
b. Arterioles in portal triads 
c. Lymphatics in portal triads 
d. None of the above 

 
4. Which of the following is not a cell type seen in nephroblastoma? 

a. Mesenchymal 
b. Epithelial 
c. Stromal 
d. Blastemal 

 
5. True or false? Nephroblastematosis is considered a preneoplastic lesion 

a. True 
b. False 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
11-year-old, intact male, snow leopard (Pan- 
thera uncia) 

 
History: 
The animal was diagnosed with COVID-19 
via PCR and was doing well until an acute 
decline. Frank hemorrhage exuded from the 
nares, and blood was present on rectal. 

 
Gross Pathology: 
Gross Description: A moderate amount of 
dark red, dried blood was adhered to the fur 
around both nares. The thoracic cavity con- 
tained 164 mL of serosanguinous, semi- 
translucent fluid with few strands of fibrin. 
The lungs were red to dark red, wet, and 
edematous. Scattered throughout the lung 
were few tan to white mottled, nodular to 
multinodular masses, the largest of which 
was 4.0 cm x 3.2 cm x 2.7 cm. Similar nod- 
ules were present within the heart, bulging 
from the left atrioventricular endocardium 
and extending into the myocardium. The cor- 
tex and medulla of both kidneys were also ex- 
panded by numerous randomly scattered tan, 
bulging, masses like those within the lung 
and heart. 

 
Laboratory Results: 
1. Thoracic radiographs: Bilateral alveolar 
pattern of the caudodorsal lung fields 
2. Covid-N rRT-PCR: Positive 

3. In situ hybridization with v-SARS-CoV-2- 
N-01 (N gene) probe of lung, nasal, and tra- 
cheal sections: Distinct punctate staining in 
rare sloughed epithelial cells within nasal 
passages, in cells within alveoli (macro- 
phages and/or sloughed epithelial cells), and 
within rare pneumocytes lining alveoli. 
These findings confirm the presence of 
SARS-CoV-2 RNA within tissue sections, al- 
beit at low levels. 

 
4.18 s rRNA PCR Sequencing of FFPE Lung 
tissue: 99.70% identity to Scedosporium api- 
ospermum 

 
Microscopic Description: 
Lung: Scattered throughout the lung paren- 
chyma are multiple large nodules composed 
of a core of eosinophilic and karyorrhectic 
cell debris mixed with abundant fibrin, some 
edema, and hemorrhage. Cores are sur- 
rounded by a dense rim of numerous necrotic 

 

Figure 1-1. Multiple organs, snow leopard. White nod- 
ules are scattered throughout the lung, endocardium, 
and kidneys. (Photo courtesy of: (Photo courtesy of: 
University of Illinois at Urbana-Champaign, Veterinary 
Diagnostic Laboratory) 
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Figure 1-2. Lung, snow leopard. Two sections of lung 
(right) contain a large nodule of necrosis and inflamma- 
tion which obscures pulmonary parenchyma. (HE, 7X) 

 

neutrophils and epithelioid macrophages 
mixed with fewer lymphocytes and plasma 
cells. Throughout the necrotic cores and ex- 
tending into the inflammatory rim are numer- 
ous fungal hyphae that are 3-6 µm wide with 
parallel walls, regular septations, dichoto- 
mous acute angle branching, and bulbous di- 
latations (presumptive ascomycete fungus). 
Throughout these nodules, septal vessels of- 
ten contain thrombi composed of layers of 
lamellated fibrin. In many areas, septa are co- 
agulatively necrotic, characterized by main- 
tained architecture with diffuse hypereosino- 
philic and loss of nuclear detail. Rarely, ne- 
crotic debris is mineralized. Many alveolar 
septa are expanded by congestion, eosino- 
philic fibrillar material (fibrin), clear and col- 
orless space (edema) and foamy macro- 
phages; some septa contain smooth muscle 
hypertrophy and hyperplasia. Type 1 pneu- 
mocytes are often absent and replaced by 
deeply eosinophilic lamellar material (hya- 
line membranes). In some areas type 1 pneu- 
mocytes are replaced by cuboidal epithelium 
which segmentally lines alveolar spaces (type 
2 pneumocyte hyperplasia). Alveolar spaces 
are frequently filled with variable combina- 
tions of foamy macrophages, eosinophilic 
proteinaceous material (edema), extravasated 
erythrocytes, fibrin, and neutrophils. Similar 
accumulations are present in many bronchi- 
oles and bronchi. 

 
Other histopathology findings that are not in- 
cluded in the provided slide: 

• Multifocal, chronic, pyogranuloma- 
tous necrotizing encephalitis, myo- 
carditis, nephritis, and bilateral retini- 
tis and choroiditis, with left eye scle- 
ritis and posterior uveitis, with in- 
tralesional hyphae 

• Moderate, diffuse, chronic rhinitis 
with fibrosis 

• Moderate, multifocal to coalescing, 
lymphoplasmacytic tracheitis with 
erosions and ulcerations 

 
Contributor’s Morphologic Diagnoses: 

1. Lung: Marked, subacute interstitial 
pneumonia with type-2 pneumocyte 
hyperplasia and hyalin membrane 
formation, and marked hemorrhage 
and edema 

2. Lung: Marked, multifocal, chronic, 
pyogranulomatous necrotizing pneu- 
monia with intralesional hyphae. 

 
Contributor’s Comment: 
Two main processes are identified in this an- 
imal, which contributed to death. The first is 
significant alveolar damage and interstitial 
inflammation accompanied by abundant pul- 
monary edema and hemorrhage, which is his- 
tologically compatible with SARS-CoV2 in- 
fection. The pathophysiologic mechanisms of 
COVID-19 are incompletely understood, 
however direct effects are primarily limited 
to the lung, while systemic disease occurs via 

 
 

Figure 1-3. Lung, snow leopard. Within the area of ne- 
crosis, there are numerous 4-6 µm septate dichoto- 
mously branching fungal hyphae with bulbous swelling. 
(HE, 381X) 
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Figure 1-4. Lung, snow leopard. A large mat of fungal hyphae expands the pleura and extends into the pleural space (at 
left). (HE, 265X) 

 

secondary effects.2 Within humans, the histo- 
pathologic lesions associated with severe 
COVID-19 are consistent with Diffuse Alve- 
olar Damage (DAD) secondary to Acute Res- 
piratory Distress Syndrome (ARDS). DAD is 
not specific for COVID-19, and can be in- 
duced by various causes, including mechani- 
cal ventilation, various pulmonary infections, 
thermal injury, toxic gas exposure, and septi- 
cemia.3 

 
The exact appearance of DAD will vary de- 
pending on the chronicity. An acute, exuda- 
tive phase occurs during the first week after 
pulmonary injury, and is characterized by 
congested alveolar septa, and alveoli filled 
with copious protein-rich edema and fibrin. 
Inflammation is generally low unless DAD is 
the result of previous pneumonia. The for- 
mation of hyalin membranes—aggregates of 
fibrin, other serum proteins, and cell debris 
which line alveoli and alveolar ducts, imped- 
ing the junction between the airspace and the 
septum—is an important characteristic histo- 
logic finding.3,10 Over time, DAD will pro- 
gress into an organizing or proliferative 

phase, characterized by interstitial prolifera- 
tion of fibroblasts and myofibroblasts, ac- 
companied by type 2 pneumocyte hyper- 
plasia and squamous metaplasia.2 Microvas- 
cular thrombi are also frequently seen with 
COVID-19, however it is speculated that this 
lesion is more associated with ARDS than 
COVID-19 specifically.2 

 
COVID-19 has been seen within multiple an- 
imal species, including domestic cats, domes- 
tic dogs, tigers, lions, gorillas and snow leop- 
ards (USDA Confirmed Cases of SARS- 
CoV-2 in animals in the United States). A re- 
cent study has shown that domestic cats (Fe- 
lis catus) can be utilized as an infection 
model for COVID-19, displaying similar 
clinical and histopathologic as in humans.13 

COVID-19 viral infection and replication 
within a host depends on the presence and 
distribution of angiotensin-converting en- 
zyme 2 (ACE2) receptors.2 The ACE2 recep- 
tor within cats is similar in structure and dis- 
tribution to humans, which may contribute to 
the similarities in clinical and histologic find- 
ings.13 It has not been studied if these same 
principles apply to large felids such as snow 
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leopards. Within this case, interstitial and al- 
veolar changes within the lung are consistent 
with a sub-acute DAD response transitioning 
between the exudative phase and prolifera- 
tive phase. While there are multiple differen- 
tials for a DAD response within this animal, 
in situ hybridization confirms COVID-19 in- 
fection within the epithelial cells of the nasal 
passages and rare pneumocytes of the alveoli. 

 
The second process in this case consists of se- 
vere pyogranulomatous and necrotizing le- 
sions throughout multiple organs, including 
the lung, brain, heart, kidneys, and the cho- 
roid and retina of both eyes. Sequencing of 
the fungal organisms within these lesions 
identifies it as Scedosporium apiospermum, 
an opportunistic filamentous fungus found 
worldwide.6 Once considered the asexual 
form of Pseudoallescheria boydii, recent tax- 
onomic changes upon introduction of molec- 
ular phylogenetics places S. apiospermum 
within the Scedosporium genus, where it is 
the most pathogenic of the included spe- 
cies.4,14 S. apiospermum is of increasing im- 
portance  in  human  medicine,  where  it can 

cause severe systemic infections within im- 
munocompromised and immunocompetent 
patients. Rare cases of both localized and dis- 
seminated infections have been reported in 
various animal species, including the dog, 
cat, horse, and a stranded northern elephant 
seal.1,4,8,9 

 
Diagnosis of a Scedosporium infection is dif- 
ficult due to clinical and histopathologic sim- 
ilarities to Aspergillus, Fusarium, and other 
hyalin hyphomycetes.7 Subtle histologic dif- 
ferences between Scedosporium and Asper- 
gillus do exist, including slightly more irreg- 
ular branching within Scedosporium vs the 
more regular and dichotomous branching pat- 
tern of Aspergillus. Additionally, Sc-ed- 
osporium will commonly have terminal or in- 
tercalary, globose chlamydospores, thick- 
walled structures up to 20um in diameter 
which can be confused with yeasts.7 These 
differences are subtle, and further testing 
such as in situ hybridization, culture, or mo- 
lecular sequencing are important for defini- 
tive diagnosis. It is likely that Scedosporium 
is underdiagnosed in veterinary medicine due 

 

 
Figure 1-5. Lung, snow leopard. In other sections of lung, alveolar septa are diffusely expanded by variable amounts of edema, 
congestion, fibrin, and few Type II pneumocytes. There is mild alveolar edema and low numbers of alveolar macrophages (HE, 
251X) 
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to its similarities to other fungal species.4 De- 
finitive diagnosis of Scedosporium is im- 
portant, due to differences in antifungal re- 
sistance profile from Aspergillus.6 

 
In this case, it is speculated that the primary 
COVID-19 infection led to immunocompro- 
mise of the animal, and systemic opportunis- 
tic infection by Scedosporium apiospermum, 
demonstrating both the importance of 
COVID-19 within the snow leopard species, 
and the growing importance of Scedosporium 
apiospermum within veterinary medicine. 

 
Contributing Institution: 
University of Illinois at Urbana-Champaign, 
Veterinary Diagnostic Laboratory 

 
JPC Diagnosis: 
1. Lung: Pneumonia, interstitial, necrotizing, 
subacute, diffuse, marked, with septal throm- 
bosis, hemorrhage, and type II pneumocyte 
hyperplasia. 
2. Lung: Pleuropneumonia, pyogranuloma- 
tous and necrotizing, multifocal, severe, with 
innumerable fungal hyphae. 

 
JPC Comment: 
A review of recent literature demonstrates 
that experimental severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV2) in- 
fection in domestic cats can produce a spec- 
trum of clinical disease and histologic le- 
sions. As the contributor describes, one pos- 
sible outcome is diffuse alveolar damage, as 
described by Rudd et al in a 2021 Viruses ar- 
ticle.13 In Rudd’s study, the virus was inocu- 
lated directly into the trachea of 12 nine- 
month-old specific pathogen free (SPF) cats; 
six cats were used as controls.13 Inoculated 
cats developed clinical signs of illness, in- 
cluding lethargy, fever, and dyspnea, and his- 
tologic evidence of diffuse alveolar dam- 
age.13 

In a prior study, Gaudreault et al inoculated 6 
five-month-old SPF cats with a slightly larger 
volume of the same strain of virus, but 
through nasal and oral routes.5 These animals 
remained asymptomatic but transmitted the 
virus to co-housed, uninfected animals.5 His- 
topathologic findings were minimal to mod- 
erate and localized to conducting airways, 
with lymphocytic and neutrophilic inflamma- 
tion of the tracheobronchial seromucous 
glands which resolved by 21 days post chal- 
lenge.5 

 
Finally, a more recent study published by Pa- 
tania et al in Vet Pathol described a different 
pattern of interstitial pneumonia with occlu- 
sive bronchiolitis in experimentally infected 
cats.12 Ten SPF cats, ages 19 to 24 week, were 
inoculated by a different viral strain through 
intraocular, intranasal, tracheal, and oral 
routes.12 No control cats were used. The cats 
remained asymptomatic, but on histology, 
there was patchy interstitial pneumonia, his- 
tiocytic bronchiolitis, and persistent intersti- 
tial thickening. Most of the cats lacked dif- 
fuse alveolar damage.12 Bronchiolar lumens 
were often occluded by adherent plugs of ep- 
ithelioid macrophages.12 Early in the disease, 
interstitial and alveolar septal thickening was 
partially attributed to a mixed inflammatory 
infiltrate composed of B lymphocytes, T lym- 
phocytes, and macrophages.12 Once the in- 
flammation resolved, interstitial thickening 
persisted and was attributed to endothelial 
hyperplasia, proliferative and disorganized 
capillaries, and individualized type II pneu- 
mocyte hyperplasia only appreciable with cy- 
tokeratin IHC; fibrosis was not a feature in 
thickened septae.12 One of the three cats eval- 
uated at 28 days post-challenge had more se- 
vere changes, including atelectasis, vascu- 
litis, and inflammatory exudates and fibrin 
within alveoli.12 

The differences in the results of these studies 
illustrate the wide range of lesions which may 
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be induced by experimental SARS-CoV2 in- 
fections in cats, and differences in study de- 
sign (routes of inoculation, challenge dose, 
viral strain used) and individual host re- 
sponses may account for these results. 

 
Invasive fungal diseases (IFD) secondary to 
SARS-CoV-2 infection occur with relative 
frequency in hospitalized human patients.11 

Up to 7.6% of hospitalized COVID-19 expe- 
rience pulmonary aspergillosis due to 
Apsergillus fumigatus, and this coinfection 
has a mortality rate of 56%.11 Other docu- 
mented coinfections include candidiaisis and 
mucormycosis, most commonly due to Rhi- 
zopus.11 There are multiple possible reasons 
why COVID-19 patients are more susceptible 
to fungal infections, including tissue damage, 
immune dysfunction, and individual host fac- 
tors or preexisting conditions. Viral infection 
impairs mucocilliary clearance and causes lo- 
cal tissue damage, exposing hidden host re- 
ceptors permissive to fungal invasion.11 Viral 
induced lymphopenia, depletion and dys- 
function of dendritic cells, and local hypoxia 
attenuate the immune response to fungal in- 
vasion; this can be exacerbated by the use of 
immunsuppressive agents prescribed for con- 
trolling the overwhelming inflammatory re- 
sponse.11 Chronic viral infection leads to de- 
creased numbers of CD8+ T cells and NK 
cells, and remaining cells may demonstrate 
an ineffective and immune-exhausted pheno- 
type (expressing PD1 and NKG2A, respec- 
tively) which create risk factors for IFB.11 

COVID-19 may also cause impaired fungi- 
cidal activity by neutrophils, leading to im- 
paired innate immunity.11 
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CASE II: 

 
Signalment: 
Juvenile, male intact, bobcat (Lynx rufus) 

 
History: 
The bobcat presented to a wildlife rehabilita- 
tion center for right hind lameness, dehydra- 
tion, and emaciation. The bobcat initially im- 
proved with therapy but after a couple of 
weeks of hospitalization deteriorated rapidly 
and died. 

 
Gross Pathology: 
The spleen was slightly enlarged with a 
meaty consistency and had multifocal, 
sparse, pinpoint, white foci throughout the 
parenchyma. The retropharyngeal, mesen- 
teric and renal lymph nodes were moderately 
to markedly enlarged and on the cut surface 
had many white to pale tan foci. The liver was 
brown and had multifocal, pinpoint to 0.1 cm 
white foci throughout the parenchyma. The 
right distal tibia was slightly expanded by a 
bony proliferation (interpreted as callus). The 
abdominal cavity contained approximately 

40 ml of yellow, transparent, viscous to 
slightly gelatinous fluid. 

 
Laboratory Results: 
Immunohistochemistry: 
Feline coronavirus antigen specific immuno- 
histochemistry performed on the section of il- 
eum was negative. 

 
Bacteriology: 
Francisella tularensis was isolated from the 
liver by aerobic culture. 

 
Molecular diagnostics: 
The isolated bacteria were confirmed to be 
Francisella tularensis type A based on PCR. 

 
Microscopic Description: 
Ileum – Multifocally, Peyer’s patches are 
largely effaced by variably-sized, central ar- 
eas of eosinophilic cellular and basophilic 
karyorrhectic debris admixed with degener- 
ate neutrophils (lytic necrosis) which are sur- 
rounded by moderate to large numbers of ep- 
ithelioid macrophages. Multifocally infiltrat- 
ing the surrounding submucosa are moderate 
numbers of lymphocytes, plasma cells, neu- 
trophils and macrophages. The outer longitu- 
dinal lamina muscularis is multifocally ef- 
faced by small areas of lytic necrosis and cel- 
lular debris, and within the inner circular 
lamina muscularis there are multifocal, often 
perivascular clusters of lymphocytes, plasma 

 

Figure 2-1. Multiple organs, bobcat. A selection of or- 
gans is submitted on this individual. The tissue of inter- 
est is a section of ileum with attached lymph node 
(right). (HE, 6X) 
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cells, neutrophils and macrophages. The at- 
tached mesentery is multifocally effaced by 
large areas of lytic necrosis as well as moder- 
ate numbers of lymphocytes, plasma cells 
and macrophages with fewer neutrophils, ad- 
mixed with fibrillar, brightly eosinophilic 
material (fibrin). Within the mucosa there is 
a reduced density of crypts, with widespread 
blunting of villi and expansion of the lamina 
propria with moderate numbers of neutro- 
phils and fewer lymphocytes, plasma cells 
and macrophages. Within the superficial mu- 
cosa and intestinal lumen are multifocal 
small colonies of mixed bacteria, as well as 
moderate numbers of apicomplexan coccid- 
ian organisms in various developmental 
stages, including: few schizonts containing 
numerous basophilic, elongate merozoites; 
numerous uninucleate, eosinophilic macro- 
gametes; numerous oocysts containing pale 
eosinophilic granular material; and rare large 
microgamonts with numerous condensed, ba- 
sophilic nuclei. 

 
Mesenteric lymph node – The mesenteric 
lymph node associated with the ileum is 

markedly expanded and almost completely 
effaced by a large, central area of lytic necro- 
sis as previously described, admixed with 
macrophages, neutrophils, and fibrin. Few 
small to moderately sized aggregates of ma- 
ture lymphocytes and plasma cells remain 
scattered throughout the section. 

 
Contributor’s Morphologic Diagnoses: 
1. Ileum: 
a. Ileitis, pyogranulomatous and necrotizing, 
multifocal, severe, chronic. 
b. Intraepithelial coccidian organisms, mod- 
erate. 

 
2. Mesenteric lymph node, lymphadenitis, 
pyogranulomatous and necrotizing, wide- 
spread, severe, chronic. 

 
Contributor’s Comment: 
Francisella tularensis, the causative agent of 
tularemia, is a gram negative, obligate aer- 
obe, intracellular coccobacillus of the 
gamma-subclass of Proteobacteria.10,12 There 
are currently 4 recognized subspecies: sub- 
species tularensis (type A), which is highly 

 

 
Figure 2-2. Ileum, bobcat. There are changes in all layers of the wall. There is ulceration of the mucosa and marked cellular 
infiltration of the underlying lamina propria. There is marked necrosis of the submucosal Peyer’s patches. There is necrotiz- 
ing vasculitis and lymphangitis of the muscularis and serosa. (HE, 32X) 
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Figure 2-3. Ileum, bobcat. There is marked lymphoid depletion and focal necrosis within the ileal Peyer’s patch) (HE, 88X) 

 

virulent in domestic animals and humans, 
predominantly found in North America, and 
is most commonly associated with lago- 
morphs; subspecies holarctica (type B), 
which is less virulent, endemic throughout 
the Northern Hemisphere, and more fre- 
quently associated with rodents and water- 
borne disease; subspecies novicida, which is 
mostly avirulent in humans and predomi- 
nantly found in North America; and subspe- 
cies mediasiatica, which is also considered to 
be avirulent in humans and predominantly 
found in Russia and central Asia.11 The type 
A subspecies is further divided into 2 distinct 
subpopulations, A1 and A2. In the USA, A1 
subpopulations occur primarily in the eastern 
half of the country while A2 subpopulations 
occur primarily in the west.9 

 
F. tularensis has a wide and varied range of 
hosts, with a list of known susceptible species 
including 190 mammals, 88 invertebrates, 23 
birds and 3 amphibians, with occasional re- 
ports in reptile and fish species.6 Although 
lagomorphs and rodents are frequently impli- 
cated in the spread and maintenance of this 
disease, there has been no evidence to sug- 
gest  that  they  act  as  a  major reservoir.7,12 

Transmission to humans can occur via a num- 
ber of different routes, including handling of 
infected animals, ingestion of improperly 
cooked infected meat or contaminated water, 
inhalation of infective aerosols, and arthro- 
pod bites.9 Important arthropod vectors for 
transmitting F. tularensis in the USA include 
hard ticks, deer flies, stable flies and horse- 
flies. Of those, hard ticks are considered to be 
the primary vectors for type A strains; ticks 
of the Ambylomma and Dermacentor genera 
are typically responsible for human cases 
while ticks of the Ixodes and Haemophysallis 
genera are more important in maintaining en- 
zootic foci among wildlife.4,9 Sheep are his- 
torically considered to be the domestic mam- 
mal most commonly associated with tulare- 
mia type A, however, in the past few decades 
domestic cats have become an increasing 
source for zoonotic transmission.4 

 
Gross lesions in affected animals typically in- 
volve miliary white foci within the spleen, 
liver and lymph nodes, as well as splenomeg- 
aly, hepatomegaly and lymphadenopathy.8 

These lesions are grossly indistinguishable 
from the lesions caused by Yersinia species. 
Histologically, these white foci are composed 
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of multifocal areas of lytic necrosis, admixed 
with degenerate neutrophils and/or sur- 
rounded by macrophages and fibroblasts in 
older lesions. F. tularensis bacteria are gen- 
erally difficult to visualize histologically in 
routine H&E and even Gram-stained sec- 
tions, whereas Yersinia species bacteria tend 
to be readily visible. 

 
In this bobcat, there was a translucent, straw 
colored, viscous, serofibrinous abdominal ef- 
fusion, reminiscent of the effusion which 
characterizes the wet form of feline infec- 
tious peritonitis (FIP). In the submitter’s ex- 
perience, this is an atypical finding for tula- 
remia. Therefore, and because bacteria were 
not detected within the lesions, immunohisto- 
chemistry for feline coronavirus antigen was 
performed on the section of ileum; however, 
coronaviral antigen was not detected within 
any of the cells in the section. 

 
The coccidian organisms within the lumen of 
this bobcat’s ileum were morphologically 
most similar to Cystoisospora felis. In a re- 
cent paper, C. felis-like organisms were 
found in feces of 2 bobcats and transmitted to 
domestic cats.2 Unlike C. felis in domestic 
cats which develops within the villar epithe- 
lium, the schizonts and gamonts of these C. 
felis-like coccidia were located within the 
lamina propria of the ileum, indicating that 
they are likely to be a similar but different 
parasite to C. felis of domestic cats. In our 

 

Figure 2-4. Ileum, bobcat. There is necrotizing vasculitis 
and diffuse inflammation and edema within the serosa. 
(HE, 173X) 

 

 
Figure 2-5. Mesenteric lymph node, bobcat. There is dif- 
fuse necrosis and loss of nodal architecture. (HE, 15X) 

bobcat’s case, it is difficult to assess the or- 
ganisms’ location with certainty due to the 
significant blunting and disruption of the 
villi. In addition, the significance of the 
mixed colonies of bacteria within the intesti- 
nal lumen is unknown. While they may have 
contributed to the suppurative ileitis, it is also 
possible that they represent an intraluminal 
‘bystander’ population. 

 
F. tularensis is a tier 1 agent on the US De- 
partment of Health and Human services bio- 
logical select agents list as it has the potential 
to pose a severe threat to public health and 
safety.3 As a consequence of being on this 
list, there are strict regulations involved when 
handling F. tularensis. The agent and all tis- 
sues that contain the agent must be destroyed, 
and this destruction must be reported. Appro- 
priate personal protective equipment (PPE) 
should be worn when this agent is suspected, 
including gloves and a cut-resistant glove, an 
impermeable apron, lab boots, a face shield, 
and a respirator such as a properly fitted N95 
mask. 

 
Contributing Institution: 
Veterinary Diagnostic Laboratory, Univer- 
sity of Minnesota, St Paul, MN. 
https://vdl.umn.edu/ 
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JPC Diagnosis: 
1. Ileum: Ileitis, necrotizing, diffuse, moder- 
ate, with multifocal vasculitis and Peyer’s 
patch necrosis. 
2. Mesenteric lymph node: Lymphadenitis, 
necrotizing, diffuse, severe. 
3. Mesentery, vessels: Vasculitis, necrotiz- 
ing, severe. 
4. Ileum: Coccidial gamonts and oocysts, 
multiple. 
5. Pancreas and adipose tissue: Zymogen 
granule depletion and fat atrophy. 

 
JPC Comment: 
During the conference, the participants and 
moderator, COL(R) Derron (Tony) Alves, re- 
marked on the marked vasculitis along the se- 
rosa and within the mesentery and prominent 
reactive mesothelium suggestive of ab- 
dominal effusion. Before knowing the clini- 
cal history and laboratory results, participants 
considered the possibility of FIP based on 
these histologic lesions, but the contributor 
ruled this out using immunohistochemical 
staining. Participants also had spirited discus- 
sion regarding inflammation surrounding ar- 
eas of lymphoid necrosis in Peyer’s patches 
and lymph nodes; some felt this would qual- 
ify as pyogranulomatous inflammation, while 
others felt that the remaining cells repre- 
sented residual dendritic cells associated with 
lymphoid follicles. 

 
In 1909, a researcher investigating bubonic 
plague in squirrels in California discovered a 
novel bacterium which caused enlarged 
lymph nodes.5 The bacteria was dubbed Bac- 
terium tularense, reflecting where it was dis- 
covered – Tulare county. This new bacterium 
was not directly contagious but could be 
transmitted via infected blood, tissue, or 
fleas. 5 The first confirmed infection in a hu- 
man occurred in a butcher in Ohio in 1911. 5 

In the early 1920s, researchers in Montana 
conducting wood tick surveillance for Rocky 
Mountain Spotted Fever discovered that 

 

 
Figure 2-6. Mesenteric lymph node, bobcat. There is 
marked lymphoid depletion, tingible body macro- 
phages, and multifocal areas of lytic necrosis within the 
submitted node. (HE, 125X) 

 
some ticks were infected with B. tularense 
and could pass this infection to animals. 5 

Furthermore, these ticks could transmit the 
bacterium transovarially and would remain 
infected for life. 5 

 
Around the same time, Edward Francis began 
his research in Utah on “Deer Fly Fever”, a 
condition in humans caused by B. tularense 
featuring fever, lymphadenitis, and draining 
tracts from affected nodes.5 In 1928, Francis 
published a thorough report on 629 human 
cases of B. tularense, and the bacterium was 
later renamed Francisella tularense in 
acknowledgement of his extensive research.5 

This rechristening was also fitting in that 
Francis was frequently affected by the dis- 
ease himself: he was infected at least five 
times during his life, likely due to his reluc- 
tance to wear gloves during autopsies.5 

 
Of the cases reported by Francis, 400 were 
attributed to contact with rabbits, and 70 were 
attributed to tick bites.5 The disease had an 
incubation period of less than 10 days and re- 
sulted in acute fever with two to three months 
of convalescence.5 The most common clini- 
cal presentation was the ulceroglandular 
form, as an ulcer formed at the site of expo- 
sure and regional lymphadenitis resulted in a 
draining tract over the inflamed “gland”.5 

Other reported forms included oculoglandu- 
lar (where conjunctival exposure resulted in 
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conjunctivitis, corneal ulceration, and re- 
gional lymphadenitis), glandular form (simi- 
lar to ulceroglandular form without cutane- 
ous lesions), and typhoidal (systemic disease 
lacking ocular, cutaneous, and lymph node 
involvement).5 Additional forms subse- 
quently described include an oropharyngeal 
form and pneumonia.5 

 
F. tularensis is a facultative intracellular par- 
asite which can survive and replicate in a va- 
riety of host cells, including macrophages, 
dendritic cells, neutrophils, endothelial cells, 
type II pneumocytes, and hepatocytes.1 The 
pathogencity of Francisella is associated 
with intracytoplasmic replication within 
macrophages.13 The bacteria induces phago- 
cytosis by binding to mannose receptors; the 
C3 complement receptor, scavenger receptor 
A, nucleolin, or lung surfactant protein A 
once opsonized; or the Fcγ receptor once an- 
tibody-opsonized.1 The microbe survives 
within the phagosome by delaying phago- 
some maturation, inhibiting NADPH oxidase 
activation, and resisting the effects of reac- 
tive oxygen species.1,13 While other bacteria 
which live in the cytosol use lipid hydrolases 
or phospholipases to escape the phagosome 
(such as Listeria), Francisella is unique in 
that it likely uses a type VI secretion system 
for phagosome egress.1,13 The bacterium then 
uses “nutritional virulence” to adapt to the 
cytosolic environment.13 Francisella LPS has 
low endotoxicity and is not recognized by 
TLR4; rather, the bacteria triggers TLR2 sig- 
naling, activates both the AIM-2 and NLRP3 
inflammasomes, and ultimately results in 
production of proinflammatory cytokines IL1 
beta and pro-IL8.1 Apoptosis or pyroptosis of 
infected cells leads to liberation of the bacte- 
ria, which can then infect new cells.1,13 The 
bacteria can also directly penetrate adjacent 
cells using trogocytosis.13 
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CASE III: 

 
Signalment: 
2-month-old male entire Domestic Shorthair 
(Felis catus) 

 
History: 
A two-month-old kitten owned for 10 days 
with a history of diarrhoea and vomiting for 
the past 24 hours, presented with hypoglycae- 
mia and agonal breathing. Arrested, cardio- 
pulmonary resuscitation performed for 20 
minutes, and owner consented for cessation. 

 
Gross Pathology: 
At postmortem examination, the lungs are 
mottled pale pink to dark red, spongy, with a 
bullous appearance to all distal margins (mar- 
ginal emphysema) and have variably pale 
pink, approximately 0.8 cm wide linear dis- 
colouration (rib impressions, presumed re- 
lated to CPR noted in history). The stomach 
contains a small amount of pale brown-green, 
pasty ingesta. The orad small intestines con- 
tain moderate amounts of thin, yellow fluid 
that transitions to pale cream digesta within 

 
Figure 3-1. Spleen, cat. A section of markedly congested 
spleen is submitted for examination. White pulp is dif- 
fusely and markedly depleted and lacks mantle for- 
mation. (HE, 6X) 

 

 
Figure 3-2. Spleen, cat. Scattered throughout the white 
matter are areas of lytic necrosis. (HE, 240X) 

 
 

the jejunum and scant cream-yellow digesta 
within the ileum. The colon contains pale 
brown, flocculent, variably mucoid, and wa- 
tery faeces, and pale brown pasty faeces are 
within the rectum. The mesenteric lymph 
node is enlarged (4.0 x 1.2 x 0.3 cm, within 
normal limits for a kitten), and the ileocecal 
and colonic lymph nodes are similarly prom- 
inent. 

 
Additional findings included: reduced subcu- 
taneous adipose tissue stores, pale pink oral 
mucous membranes, a prominent (age-appro- 
priate) thymus, heart measurements within 
normal ratio, mild lobular pattern on the liver, 
moderately distended gall bladder, kidney 
measurements within normal limits, con- 
gested meninges, and pale skeletal muscle. 

 
No significant gross abnormalities are de- 
tected in the following tissues: sciatic nerve, 
coxofemoral joints, femur bone, femur bone 
marrow, thyroid gland, parathyroid glands, 
tongue, pharynx, larynx, great cardiac ves- 
sels, adrenal glands, ureters, eyes, and ears. 

 
Laboratory Results: 
Faecal PCR Panel: Negative (below assay de- 
tection limits) for the following organisms: 
Campylobacter, Salmonella, Giardia duode- 
nalis, Cryptosporidium [C. parvum, C. hom- 
inis], Tritrichomonas foetus, Toxoplasma 
gondii, Dientamoeba fragilis, Neospora 
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caninum, Clostridium perfringens entero- 
toxin cpe, Parvovirus, Distemper virus, Fe- 
line and Canine Coronavirus. 

 
Faecal flotation: (Saturated sodium chloride, 
specific gravity 1.2): No evidence of eggs 
from nematodes or coccidia in the sample 
provided. 

 
Microbiology: (spleen and liver): Samples of 
spleen and liver (collected at necropsy and 
frozen back for ancillary diagnostics if 
needed) were submitted for aerobic bacterial 
and fungal culture following initial histo- 
pathology review. After 24 hours incubation, 
cultures of both tissues yielded a pure heavy 
growth of a large, mucoid, lactose ferment- 
ing, non-haemolytic, gram-negative rod with 
colony morphology that was circular, raised, 
mucoid, smooth, grey, and approximately 3 
mm diameter in size. The IMViC and urease 
profile for the isolates were as follows: Indole 
negative, Methyl Red negative, Voges-Pros- 
kauer positive, Citrate positive, Urease posi- 
tive. Microbiology comments: The biochem- 
ical profile and colony morphology of the 
isolates are consistent with Klebsiella pneu- 
moniae subsp. pneumoniae, and isolate iden- 
tification has been confirmed by bioMérieux 
API20E assay. 

 
Microscopic Description: 
Spleen: White pulp follicles are smaller than 
expected and are widely separated by a hy- 
percellular red pulp composed of erythro- 

 
 

Figure 3-3. Spleen, cat. White pulp is severely depleted. 
(HE, 116X) 

 
Figure 3-4. Spleen, cat. Throughout the white pulp, 
there are innumerable encapsulated bacilli which are 
also present in the cytoplasm of macrophages. (HE, 
400X) 

 
cytes interspersed with abundant homoge- 
nous eosinophilic material (presumed lysed 
erythrocytes), many macrophages and neu- 
trophils, and myriad extracellular and in- 
trahistiocytic bacterial rods, and scattered 
cellular debris and haematopoietic precur- 
sors. Additionally, throughout the sections, 
there are regionally extensive aggregates of 
approximately 2-4 microns round to ovoid 
discrete faintly eosinophilic structures with 
central round to elongate internal structures 
somewhat reminiscent of nuclei; Giemsa and 
Gram-stained replicate sections reveal a sim- 
ilar staining pattern to the marked prolifera- 
tions of bacteria elsewhere throughout the pa- 
renchyma (suggestive of 'encapsulated' bac- 
teria). 

 
Contributor’s Morphologic Diagnoses: 
Splenitis, diffuse, histiocytic, and neutro- 
philic, acute to subacute, severe, with myriad 
extracellular and intrahistiocytic bacteria 

 
Contributor’s Comment: 
Morbidity and mortality were ascribed to ful- 
minant Klebsiella pneumoniae subsp. pneu- 
moniae (Kpp) septicaemia and complications 
which most likely included multiple organ 
dysfunction syndrome (MODS) and systemic 
inflammatory response syndrome (SIRS). 
Numerous encapsulated Gram-negative rods 
were evident histologically within the vascu- 
lature of all evaluated tissues and within the 
parenchyma of blood filtering organs. While 
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some of this may be reflective of post-mor- 
tem overgrowth, the relatively short post- 
mortem interval combined with the identifi- 
cation of intracellular bacteria and acute in- 
flammation in many tissues and heavy 
growth of pure cultures of Kpp isolated from 
spleen and lung support a diagnosis of severe 
antemortem bacteraemia. Kpp is an oppor- 
tunistic bacterium found in the environment 
and as a commensal in the nasopharynx and 
alimentary tract of dogs and cats. Kpp can be 
associated with clinically significant infec- 
tions of the respiratory, gastrointestinal and 
genitourinary tracts and systemic bacterae- 
mia in carnivores. In some instances, under- 
lying immunosuppression appears to have 
played a role in disease development (e.g., 
drugs, malnutrition, stress, endocrine disease, 
and other infections, including feline leukae- 
mia virus, feline immunodeficiency virus in- 
fection). Kpp-induced enteritis, pneumonia, 
and sepsis with concurrent MODS has been 
reported in dogs. The diarrhoea and enteritis 
in this kitten were presumably related. Pneu- 
monia was of sufficient severity to have re- 
sulted in some degree of respiratory compro- 
mise which was likely further exacerbated by 
SIRS, accounting for the clinically noted res- 
piratory distress. In the medical and veteri- 
nary microbiology literature, the most com- 
mon pathogenic bacteria that have capsules 
linked to virulence include are Klebsiella 

 
Figure 3-5. Spleen, cat. A gram stain demonstrates the 
widely spaced encapsulated bacilli characteristic of 
Klebsiella pneumoniae. (Brown-Brenn, 400X) 

 

 
Figure 3-6. Spleen, cat. A rapid Diff-Quik stain on splenic 
cytology also demonstrates the encapsulated bacilli at 
the autopsy table. (Diff-Quik, 400X) (Photo courtesy of 
University of Sydney, https://sydney.edu.au/sci- 
ence/schools/sydney-school-of-veterinary-science/vet- 
erinary-science-services.html) 

pneumoniae, Escherichia coli, Haemophilus 
influenzae, Streptococcus pneumoniae, Yer- 
sinia pestis and Bacillus antracis, where only 
the first four are gram-negative.6 

 
Contributing Institution: 
University of Sydney 
https://sydney.edu.au/science/schools/syd- 
ney-school-of-veterinary-science/veterinary- 
science-services.html 

 
JPC Diagnosis: 
Spleen: Splenitis, histiocytic and neutro- 
philic, diffuse, severe with lymphoid deple- 
tion, congestion, and innumerable extracellu- 
lar and intrahistiocytic bacilli. 

 
JPC Comment: 
Klebsiella pneumoniae is associated with 
community-acquired, opportunistic, and nos- 
ocomial infections in both humans and ani- 
mals and is one of the leading causes of 
healthcare-associated infections in humans. 
There are a wide range of virulence factors 
which contribute to its pathogenicity. Kpp 
has 78 distinct capsular serotypes, but K1 and 
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K2 are the most commonly isolated.3,4 Its 
capsule prevents phagocytosis, blocks opso- 
nization, and prevents complement-mediated 
lysis.3 To acquire necessary iron, Kpp pro- 
duces several sidephores, including entero- 
bactin, yersiniabactin, salmochelin, and aero- 
bactin.3 Adhesins and type 1 and 3 fimbriae 
facilitate adhesion, invasion, and biofilm for- 
mation. Biofilms form on indwelling devices 
(such as catheters) and facilitate colonization 
of the gastrointestinal, respiratory, and uri- 
nary tracts.3 Kpp utilizes quorum sensing to 
coordinate gene expression at certain bacte- 
rial densities.3 Additionally, a hypervirulent 
strain of K. pneumoniae (hvKp) has emerged 
and is associated with serious community-ac- 
quired infections in humans, causing pneu- 
monia, hepatic abscesses, meningoencephali- 
tis, and septic arthritis.3,4 This strain produces 
excess capsular material, causing hypermu- 
cosity, and higher quantities of siderophores 
than the classic strains.3 

 
K. pneumoniae naturally produces chromoso- 
mal penicillinases, conferring resistance to 
ampicillin, carbenicillin, and ticarcillin; in 
the past four decades, however, K. pneu- 
moniae has also collected additional antibi- 
otic resistance plasmids, expanding its antibi- 
otic resistance repertoire. Some strains are 
now developing resistance to carbapenem, 
previously considered a first-line treatment 
for this infection.3 

 
A recent retrospective study of infections in 
697 domestic animals in Brazil provides a 
glimpse of the spectrum of diseases caused 
by K. pneumoniae.4 The urinary system was 
the most common system affected in dogs 
and cats, accounting for 51.9% of 393 canine 
cases and 63% of 27 feline cases; the infec- 
tion caused cystitis, pyelonephritis, and ure- 
thritis in these species.4 In cattle, 59.7% of 
149 cases were due to mastitis; the majority 
of these were clinical and considered moder- 
ate to severe.4 In 53.1% of 98 cases in horses, 

the bacteria was associated with reproductive 
infection, causing seminal vesiculitis, pyom- 
etra, abortion, and orchitis. In pigs, 59.1% of 
22 cases were associated with diarrhea.4 
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CASE IV: 

 
Signalment: 
A 23.5-year-old female African green mon- 
key (Chlorocebus aethiops sabaeus). 

 
History: 
This monkey had a three-year history gradual 
weight loss and a slow growing cranial ab- 
dominal mass. 
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Gross Pathology: 
A 12x8x7 cm mottled tan to red soft multilob- 
ular mass extended from the wall of the 
greater curvature of the body of the stomach 
into the peritoneum. The omentum was 
firmly adhered to the mass and the adjacent 
small intestines, stomach, liver, and left kid- 
ney. On sectioned surface, the mass was 
mottled tan to red with large red to black ar- 
eas of necrosis. 

 
Laboratory Results: 
No laboratory results reported. 

 
Microscopic Description: 
A well demarcated, partially encapsulated 
multilobular mass, expanding the muscularis 
externa and serosa, is composed of streams 
and bundles of closely spaced neoplastic 
mesenchymal cells supported by a fine fibro- 
vascular stroma, and infiltrated by a few 

 
 

Figure 4-1. Stomach, African green monkey. A 12x8x7 
cm mottled tan to red multilobular mass extended from 
the wall of the greater curvature of the body of the 
stomach into the peritoneum. (Photo courtesy of: 
Wake Forest School of Medicine. Department of Pathol- 
ogy, Section on Comparative Medicine, Medical Center 
Boulevard, Winston-Salem, NC 27157, www.wake- 
health.edu) 

 

 
Figure 4-2. Stomach, African green monkey. Two sec- 
tions of stomach are submitted for examination. In the 
larger section (with mucosa), the gastric wall is mark- 
edly distended by a mesenchymal neoplasm. (HE, 4X) 

small aggregates of lymphocytes. The neo- 
plastic cells range from 30x10-50x15 μm, 
have indistinct cell borders, abundant fibrillar 
to clear eosinophilic cytoplasm, and central 
oval to fusiform 10x10 -25x12 μm nuclei 
with finely stippled chromatin, without nu- 
cleoli. Mitoses occur at 0-1 per 10, 40x fields. 
Macrophages with intracytoplasmic golden- 
tan pigment (hemosiderin) infiltrate the cap- 
sule of the neoplasm. The overlying gastric 
mucosa is disorganized, thickened up to 
twice normal, with loss of polarity in the gas- 
tric pits and glands. Many of the gastric 
glands are lined by or have prominent parietal 
cells, and mitoses are numerous. Small hem- 
orrhages are scattered throughout the lamina 
propria, and lymphoid aggregates along the 
deep mucosa are prominent. Few lympho- 
cytes, eosinophils, and neutrophils infiltrate 
the muscularis mucosa. The smooth muscle 
of the tunica media of some arterioles in the 
submucosa are thickened, and the lumina are 
reduced in size. The neoplastic cells were im- 
munohistochemically negative for smooth 
muscle actin (SMA) and positive for CD117. 

 
Transmission electron microscopy findings: 
The elongate neoplastic cells have medium 
electron-dense to electron lucent cytoplasm 
with few mitochondria, and fusiform euchro- 
matic nuclei, some with single nucleoli. A 
few cells have two nuclei. The cells are sepa- 
rated  by  extracellular  matrix  containing 20 
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Table 4.1 

 
 
 
 
 
 
 
 
 
 
 
 

nm wide electron-dense fibrils, electron lu- 
cent spaces, and amorphous medium electron 
dense-material. 

 
Contributor’s Morphologic Diagnoses: 
Gastric body: Gastrointestinal stromal tumor 

 
Contributor’s Comment: 
Gastrointestinal stromal tumors (GISTs) are 
rare mesenchymal tumors of the gastrointes- 
tinal tract which are thought to originate from 
the interstitial cells of Cajal. They have been 
reported in rhesus macaques, chimpanzees, 
baboons, and spider monkeys, numerous do- 
mestic animals, and humans.1,2,3,10,13,14 In 

arise in the intes- 
tine, whereas in 
humans and non- 
human primates, 
they primarily 
occur in the gas- 
tric cardia and 
body.1,2,13 

 
Characteristic 

histologic find- 
ings    include    a 

herringbone pattern of mesenchymal cell pro- 
liferation supported by dense fibrovascular 
stroma, and in larger tumors necrosis is com- 
mon. These tumors typically arise from the 
mucosa or submucosa, and transmural inva- 
sion is common.10 The majority of GISTs are 
CD117 (c-KIT), CD34, and DOG-1 (discov- 
ered on gastrointestinal stromal tumors pro- 
tein-1) positive.13 

 
The majority of GISTs contain a mutation in 
the KIT receptor tyrosine kinase gene, result- 
ing in the overexpression of the KIT protein, 
which can be identified immunohistochemi- 

companion animals they most frequently 
 

Figure 4-3. Stomach, African green monkey. A spindle cell neoplasm arises from the submucosa, effacing the wall and infil- 
trating the overlying mucosa. (HE, 73X) 

Differential Diagnoses Positive Immunohistochemical Stains 

Leiomyoma Smooth muscle actin (SMA) 

Leiomyosarcoma SMA 

Peripheral nerve sheath tumor CD99 / S100 

Schwannoma S100 

Neurofibroma S100 / CD34+ (focal) 
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Figure 4-4. Stomach, African green monkey. High magnification of neoplastic cells. (HE, 73X) 

 

cally with CD117 (c-KIT).12 CD34, an anti- 
gen for hematopoietic progenitor and endo- 
thelial cells is positive in some interstitial 
cells of Cajal and in the majority of GISTs in 
humans and other species.4,15 In humans and 
dogs, DOG-1 is a more sensitive and specific 
marker for GISTs than CD117. DOG-1 is in- 
dependent of mutations in CD117, and has 
been documented to stain CD117- and CD34- 
negative GISTs.5,8 

 
Ultrastructurally, GISTs are composed of 
primitive mesenchymal cells which may have 
non-membrane-bound electron lucent re- 
gions in the cytoplasm. Dense bodies, which 
are characteristic of smooth muscle, are pre- 
sent in leiomyomas and leiomyosarcomas, 
and absent in GISTs.6 Some GISTs, particu- 
larly in the intestinal tract and rectum in hu- 
mans, may have skeinoid fibers, of which the 
composition is unknown. Histologically they 
appear as extracellular hyaline globules. Ul- 
trastructurally, skeinoid fibers are composed 
of medium electron-dense fibrils resembling 
collagen but with a periodicity of ~43 nm.11,14 

Skeinoid fibers were not identified in this 
case. 

 
GISTs should be differentiated from leiomy- 
omas, leiomyosarcomas, peripheral nerve 
sheath tumors, schwannomas, and neurofi- 
bromas because of the differences in meta- 
static potential and prognoses (Table 4.1). In 
humans, GISTs often arise in the gastric car- 
dia and body, whereas leiomyomas are more 
common in the esophagus.9,17 

 
Contributing Institution: 
Wake Forest School of Medicine 
Department of Pathology, Section on Com- 
parative Medicine 

 

 
Figure 4-5. Stomach, African green monkey. Neoplastic 
cells are strongly positive for c-Kit. (anti-C-Kit, 400X) 
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Medical Center Boulevard, Winston-Salem, 
NC 27157 
www.wakehealth.edu 

 
JPC Diagnosis: 
Stomach: Gastrointestinal stromal tumor. 

 
JPC Comment: 
As the contributor mentions, one of the dif- 
ferentials for gastrointestinal stromal tumors 
(GISTs) is a smooth muscle neoplasm, such 
as leiomyoma and leiomyosarcoma.7 Histori- 
cally, human GISTs humans were diagnosed 
as smooth muscle neoplasms prior to ultra- 
structural evaluation and the discovery of the 
CKIT protooncogene marker of these neo- 
plasms.7 Leiomyomas and leiomyosarcomas 
have historically been the most common 
spindle cell neoplasm of the gastrointestinal 
tract in rats and mice in the National Toxicol- 
ogy Program’s two-year bioassays, so re- 
searchers recently conducted a retrospective 
study evaluating CKIT expression in smooth 
muscle tumors of these species.7 In 
B6C3F1/N mice, 22 of 32 tumors (69%) pre- 
viously diagnosed as leiomyoma/leiomyosar- 
coma were CKIT positive, indicating they are 
likely GISTs.7 Most (16) of these tumors 
arose in the cecum, with fewer in the colon 
and stomach. In rats, all of the tumors were 
negative for CKIT, and most were positive 
for desmin and smooth muscle actin, con- 

 

Figure 4-6. Stomach, African green monkey. Neoplastic 
cells are strongly positive for DOG-1. (anti-DOG-1, 
400X) 

 

 
Figure 4-7. Stomach, African green monkey. Transmis- 
sion electron micrograph of the neoplastic cells. The 
cells have regions of electron lucency and lack the dense 
bodies typical for smooth muscle. (Photo courtesy of: 
Wake Forest School of Medicine. Department of Pathol- 
ogy, Section on Comparative Medicine, Medical Center 
Boulevard, Winston-Salem, NC 27157, www.wake- 
health.edu) 

firming their diagnosis as smooth muscle tu- 
mors.7 These surprising results indicate that 
GISTs are more common than leiomy- 
oma/leiomyosarcomas in mice in the NTP bi- 
oassays.7 

 
Another recent study described gastrointesti- 
nal stromal tumors (GISTs) in four guinea 
pigs of advanced age.16 Three animals had 
neoplasms in the gastric wall at the cardia, 
while the fourth was in the small intestine.16 

One of the gastric GISTs metastasized to the 
duodenal and cecal mesentery.16 The gastric 
GISTs were positive for c-KIT, DOG-1, and 
smooth muscle actin.16 The small intestinal 
GIST was negative for smooth muscle actin, 
but positive for c-KIT and DOG-1.16 In all 
neoplasms, atypia was mild and mitotic fig- 
ures were rare. Additionally, all cases had de- 
letion mutations in exon 11 of the Kit gene.16 
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WSC 2022-2023 Self-assessment 
Conference 16 

 

1. COVID-19 viral infection and replication within a host depends on the presence and 
distribution of which of the following?  

a. E-cadherin receptors 
b. Angiotensin-converting enzyme receptors 
c. Muscarinic receptors 
d. Histamine receptors 

 
2. Scedosporium apiospermum was previously considered to be the asexual form of which of the 

following? 
         a.  Aspergillus fumigatus 
         b.  Pseudoallescheria boydii 
         c.  Mortierella polycephala 
         d.  Actinomyces viscosus 

 
3. Which of the following vectors are considered most important for the transmission of type A 

strains of Francisella tularensis ? 
a. Mosquitoes 
b. Biting flies 
c. Hard ticks 
d. Biting midges 

 
4. True or false? Klebsiella pneumoniae is a commensal organism in the dog and cat ? 

a. True 
b. False 

 
5. Skeinoid fibers, extracellular hyaline globules seen in some GISTs, are composed of:  

a. Amyloid 
b. Elastin 
c. Collagen 
d. Fibrinogen 

 

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
1 day old, female, commercial lineage, Sus 
scrofa domesticus, swine. 

 
History: 
Our research group was contacted to investi- 
gate a disease that have been affecting neo- 
nates piglets in a sow farm located in West of 
Santa Catarina, Brazil. The farm has 330 
sows, in an intensive system. In the period be- 
tween May 2020 and January 2021, the farm 
manager have reported the birth of piglets 
with large and caudally rotated ears 
(“Dumbo-like piglets”), with weakness, apa- 
thy and in most cases, dyspnea. The morbid- 
ity rate was 3,4%, the mortality was 3% and 
the lethality was 86%. Most of the affected 
piglets was born from gilts (77%), and with a 
bith average of 4.8 “Dumbo-like piglets” per 
litter. The piglets died 1 to 5 days after birth. 
We received 14 piglets for routine diagnosis 
investigation. 

 
Gross Pathology: 
Grossly, the lungs of all piglets did not col- 
lapse upon the opening of the thoracic cavity, 
and also had marked interlobular edema. 
Also, all piglets had large and caudally ro- 
tated ears. No other significant abnormalities 
were visible in the remaining organs. 

 
Laboratory Results: 
PCR: 

The samples (pool of CNS, lung, heart, liver, 
and spleen) tested positive for PCV3 and neg- 
ative for PCV1, PCV2, PPV 1, 2, 5, and 6, 
APPV, PRRSV, and OvHV-2. 
ISH findings: 

Replication of PCV3 was most com- 
monly observed in lymphocytes and plasma 
cells in perivascular areas and in the smooth 
muscle of arteries (fig. 3). We also observed 
PCV3 replication in lungs (fig. 4), heart (fig. 
5), and in neurons of the brain. 

 
Microscopic Description: 
The slides submitted for this conference con- 
tained tissues from only one affected piglet. 
Vascular plexus and mesenteric lymph node: 
surrounding and disrupting the wall of ves- 
sels (mainly in arteries and arterioles), there 
is a severe and multifocal inflammatory infil- 
trate composed of lymphocytes, histiocytes 
and rare plasma cells. The 

 

 
Presentation, piglets. Affected piglets had large, caudally 
rotated ears (“Dumbo piglets”). (Photo courtesy of: 
(Photo courtesy of: Faculdade de Veterinária, 
Universidade Federal do Rio Grande do Sul, Setor de 
Patologia Veterinária, http://www.ufrgs.br/patologia) 
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Lung, piglet. The lungs of one affected piglet fail to col- 
lapse, and have marked interlobular edema.j.. (Photo 
courtesy of: (Photo courtesy of: Faculdade de Veterinária, 
Universidade Federal do Rio Grande do Sul, Setor de 
Patologia Veterinária, http://www.ufrgs.br/patologia) 

 
infiltrate is associated with mild fibrinoid de- 
generation. In the mesenteric lymph node, 
mild necrosis of the germinal centers is ob- 
served, in addition to lymphoid rarefaction 
and mild infiltrate of macrophages containing 
brown pigment in their cytoplasm (hemo- 
siderin). 

 
Heart: in the pericardium and myocardium 
there is a moderate and multifocal inflamma- 
tory infiltrate surrounding and disrupting the 
vessel walls (mainly in arteries and arteri- 
oles), composed of lymphocytes, histiocytes, 
and rare plasma cells. There is also mild fi- 
brinoid degeneration. Some cardiomyocytes 
present mild necrosis and are surrounded by 
lymphocytes, macrophages, and plasma cells. 
Lung: surrounding and disrupting the wall of 
vessels (mainly in arteries and arterioles), 
there is a severe and multifocal inflammatory 
infiltrate composed of lymphocytes, histio- 
cytes, and rare plasma cells. A similar infil- 
trate is observed severely expanding the alve- 
olar septa. There is also moderate and diffuse 
interlobular edema. 

The other tissues presented a variable amount 
of lymphocytes, histiocytes, and plasma cells 
infiltrating and disrupting the wall of vessels, 
occasionally with fibrinoid degeneration, 
mainly in arteries and arterioles. Also, in the 
brain, there were multifocal areas of gliosis. 

 
Contributor’s Morphologic Diagnoses: 
Mesenteric plexus: lymphohistiocytic peri- 
arteritis and arteritis, multifocal, marked and 
mild fibrinoid degeneration; 
Lymph node: lymphoid rarefaction and ne- 
crosis, multifocal, mild, and hemosiderosis, 
multifocal, mild. 
Heart: lymphohistiocytic periarteritis and ar- 
teritis multifocal, marked and lymphohistio- 
cytic myocarditis, multifocal, mild. 
Lung: lymphohistiocytic interstitial pneumo- 
nia, diffuse, marked, with mild lymphohisti- 
ocytic periarteritis and arteritis. 

 
Contributor’s Comment: 
The diagnosis of PCV3-associated clinical 
disease in neonatal piglets was based on the 
molecular findings in association with the de- 
tection of PCV3 mRNA in microscopic 
lesions. PCV3 was first detected in 2015 in 
the United States, related to abortion cases, 
high mortality in sows, and clinical signs 
compatible with swine dermatitis and 

 
 

 
Multiple organs, piglet: Sections of the heart (left) lung 
(top right), and mesenteric vascular plexus (bottom right) 
are submitted for examination. (HE, 381X) 
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Lung, piglet. Alveolar septa are markedly thickened by macrophages, edema, congestion, and patchy Type II pneumocyte 
hyperplasia. Interlobular septa are expanded by edema. A large mat of fungal hyphae expands the pleura and extends into 
the pleural space (at left). (HE, 282X) 

 

nephropathy syndrome.8 Also, PCV3 was de- 
scribed in three pigs from 3 to 9 weeks old, 
with multisystemic inflammation and myo- 
carditis.9 Other clinical/pathological presen- 
tations were also associated with PCV3 in- 
fection, such as gastrointestinal, respiratory, 
and neurological disturbances.10 In most 
studies, the viral DNA has been detected in 
different tissues of pigs, however, without the 
demonstration of the agent in the lesions. 
PCV3 genetic material was detected through 
PCR in healthy piglet tissues,5, 8 which makes 
it difficult to conclude the real pathogenic po- 
tential of the virus and its economic impact 
on swine production. Therefore, the diagno- 
sis of PCV3 must be confirmed through de- 
tecting its DNA in affected swine lesions, us- 
ing techniques such as ISH, or at least asso- 
ciating the histopathological lesions with 
qPCR. 

 
The ear malformation was a consistent fea- 
ture observed in piglets of this farm. This 
finding was described in PCV3 positive pigs, 

previously,1, 6 however, it is necessary to per- 
form more studies to characterize the patho- 
genesis of the large and caudally rotated ears 
and their relation to the PCV3 infection. 
Multisystem vasculitis, myocarditis, and en- 
cephalitis were already PCV3-associated 
with the death of neonates,2, 6 and post-wean- 
ing piglets.9 Replication of PCV3 through 
ISH, was detected in the smooth 
muscle of arteries and arterioles.2 

 
Lymphoplasmahistiocytic interstitial pneu- 
monia was a constant pathological finding in 
the evaluated piglets, and through ISH it was 
possible to show the PCV3 viral replication 
within the lesions. This finding was described 
in a 19 day old piglet.9 Interstitial pneumonia 
is a common finding in viral infections of the 
inferior respiratory tract. In the maternity 
phase (usually until 21-25 days old), the main 
causes of viral pneumonia include the 
Aujeszky virus and PRRSV. There are no re- 
ports of clinical disease related to PRRSV 
presence in Brazil, and this virus was ex- 
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cluded through a PCR test. Pneumonia re- 
lated to the Aujeszky virus can occur in pig- 
lets up until 5 days old; however, in this 

3. Lymph node, subcapsular and medullary
sinuses: Hemosiderosis, moderate.

Mesenteric vascular plexus, piglet. The adventitia of arterioles and intervening fibrous connective tissue are infiltrated by 
moderate numbers of lymphocytes, macrophages, and histiocytes. 

phase, neurologic signs are prominent, while 
respiratory signs are usually common in 
growing and finishing pigs.3 PCV2 is an im- 
portant cause of interstitial pneumonia, de- 
scribed mainly in nursery and finishing pig- 
lets,4 and the lymphocytic and plasmacytic 
periarteritis is a common finding between 
PCV3 and PCV2 infection.2, 7 All samples 
tested negative for PCV1, PCV2, PRRSV, 
APPV, PPV, and OvHV-2, which are other 
potential causes of myocarditis, vasculitis, 
and encephalitis in neonatal piglets. 

Contributing Institution: 
Faculdade de Veterinária 
Universidade Federal do Rio Grande do Sul 
Setor de Patologia Veterinária 
http://www.ufrgs.br/patologia 

JPC Diagnosis: 1. Lung: Pneumonia, in- 
terstitial, histiocytic, diffuse, severe, with in- 
tralobular edema and histiocytic arteritis. 

2. Mesenteric vascular plexus, heart: Arte- 
ritis, histiocytic, diffuse, moderate.

JPC Comment: As the contributor states, 
porcine circovirus 3 was first diagnosed in 
2015; however, retrospective studies have 
identified PCV-3 in samples from as early as 
the 1960s.7 And even though there is still 
much to be elucidated regarding this rela- 
tively young virus, PCV-3 is no longer the 
newest circovirus on the block: PCV-4 was 
discovered in 2019 in 7-week old pigs with 
respiratory disease, porcine dermatitis and 
nephropathy syndrome, and diarrhea.7

PCV-3 has been detected in a wide range of 
species and produces viremia in cattle, dogs, 
and laboratory mice.7 Wild boar are thought 
to be a reservoir, with prevalence of up to 
61.54%.7 Mosquitos can also be infected, but 
studies have failed to support vector-borne 
transmission.7 In fact, the precise mode of 
transmission has not been worked out, and vi- 
rus has been identified in oral fluids, the sali- 
vary glands, colostrum, semen, and testicles.7
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Coronary vessel, piglet: The intima of the coronary vessels 
is expanded by edema and moderate numbers of lympho- 
cytes, plasma cells and macrophages. (HE, 279X) 

The virus can infect a wide variety of cells and 
has been found in myocardiocytes, vascular 
smooth muscle, trophoblasts, adipocytes, 
ependymal cells. This suggests that the virus 
ligand binds to a widely expressed host 
receptor, which has yet to be identified.7 

Affected pigs may have a persistent infection 
with prolonged viremia.7 Determining the 
effects of PCV-3 infection is challenging for 
multiple reasons: as the con- tributor states, 
there are a wide variety of syn- dromes 
associated with infection, but the vi- rus has 
also been isolated in subclinical ani- mals. 
Additionally, PCV-3 infection regu- larly 
occurs alongside other infectious 
agents, including PCV-2, porcine parvovirus, 
porcine reproductive and respiratory syn- 
drome virus, making attribution of clinical 
signs with a specific agent difficult.7

A recent retrospective study reviewed forma- 
lin-fixed paraffin-embedded tissues from 587 
pigs free of porcine circovirus 2 in Spain.4 

PCV-3 ISH and qPCR were conducted on a 
subset of cases which contained lesions re- 
ported to be associated with PCV-3, includ- 
ing reproductive disease, congenital tremors, 
porcine dermatitis and nephropathy syn- 
drome, arteritis or periarteritis, myocarditis, 
encephalitis, and peri-weaning failure-to- 
thrive syndrome. 4 All evaluated cases of 
periarteritis were qPCR positive for PCV3, 

and most were positive via IHC. 4 The most 
consistently affected sites for periarteritis 
were the mesenteric arteries and the kidney, 
indicating they are likely suitable choices for 
diagnostic testing. 4 Additionally, PCV-3 was 
not detected in cases of myocarditis and en- 
cephalitis where periarteritis was lacking. 4 

The moderators and conference participants 
discussed a unique anatomic feature of pigs 
evident in this slide: the mesenteric arterial 
plexus. While the exact function is unknown, 
it may serve as a countercurrent mechanism 
to help regulate blood pressure. Conference 
participants also discussed the few foci of 
histiocytic infiltrates in the myocardium; the 
significance of these infiltrates is unknown. 
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CASE II: 

Signalment: 
3½ month-old, intact female, Siberian Husky, 
Canis lupus familiaris, dog. 

History: 
This puppy was initially presented to our in- 
stitution's veterinary teaching hospital with a 
history of anorexia, diarrhea and mild inter- 
mittent fever of 10 days duration. It had been 
vaccinated against CDV, CPV-2, CAV-1, 
Leptospira spp. and Bordetella bronchisep- 
tica at 2 and 3 months of age, and adminis- 
tered anthelminthics (fenbendazole). At 
presentation, moderate dyspnea was ob- 
served and treated with antibiotics, anti-in- 
flammatory drugs, IV fluids and oxygen. He- 
matology revealed moderate lymphopenia. 
The respiratory signs gradually worsened 
over the next 5 days, with seizures develop- 
ing within 3 days after presentation; the sei- 
zures were well controlled with diazepam. 
Considering the progressive deterioration of 
the animal's condition, the owners elected for 
euthanasia. Littermates were unaffected. 

Lung, dog. On subgross magnification, there is diffuse con- 
solidation of the lung. (HE, 6X) 
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Lung, dog. Normal pulmonary architecture is lost. There is marked expansion of alveolar septa, and alveoli contain brightly 
eosinophilic hypertrophic Type II pneumoncytes and viral syncytia. Airways are often devoid of epithelium and filled with edema 
fluid. (HE, 148X) 

Gross Pathology: 

Body condition was assessed as 3/9. The 
lungs failed to collapse when the thorax was 
opened, and they were diffusely pale red to 
purplish with a rubbery to firm texture (inter- 
stitial pneumonia); there was no exudate on 
cut sections. The only other significant gross 
lesion was marked thymic atrophy. 

Laboratory Results: 
PCR for canine distemper virus (CDV) on 
lung samples was positive (Ct: 17.00) 

Microscopic Description: 
The lesions are similar in all pulmonary lobes 
(only one section submitted). Diffusely, the 
pulmonary alveoli are lined by pleomorphic 
squamous to polygonal cells (type II pneu- 
mocytes), many of them multinucleated (syn- 
cytia). Multifocally and to variable degrees 
within the alveolar lumina, there are 
macrophages and desquamated pneumocytes 
with protein-rich edema and, to a lesser de- 
gree, fibrin and/or necrotic debris; small 

numbers of neutrophils are occasionally pre- 
sent. Minimal, mainly lymphoplasmacytic 
interstitial inflammation is present in the al- 
veolar septa. Although there is significant 
post-mortem desquamation, some terminal 
bronchioles and alveolar ducts can be seen to 
be lined by squamous to cubic epithelial cells 
often with amphophilic cytoplasm (regenera- 
tion). Numerous variably sized, brightly eo- 
sinophilic, intracytoplasmic inclusion bodies 
are present in type II pneumocytes, alveolar 
macrophages and, to a lesser degree, bronchi- 
olar epithelial cells. 

Other relevant lesions observed in this pup 
were: 1) severe lymphoid depletion in the 
thymus, spleen and Peyer's patches, 2) inclu- 
sion bodies in the renal pelvic and vesical 
urothelium, 3) mild multifocal, mainly histi- 
ocytic cerebral leptomeningitis with intra- 
histiocytic inclusion bodies, 4) a few syncyt- 
ial cells (uncertain cell type) with inclusion 
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Lung, dog. Viral syncytia contain irregular, brightly eosinophilic intracytoplasmic viral in- 
clusions. (HE, 440X) 

pneumonia and lym- 
phoid depletion and 
minimal CNS and ocu- 
lar lesions; the myocar- 
dial necrosis was also 
attributed to CDV.2,5 

Testing for other pul- 
monary pathogens (e.g. 
CPIV-5 or CAV-1 PCR; 
bacteriology) was not 
done as the lesions were 
typical for canine dis- 
temper virus (CDV) and 
there was no evidence 
of secondary bacterial 
infection. This case was 
submitted as an exam- 
ple of a CDV-induced 
proliferative pneumonia 
with numerous type II 
pneumocytes syncytia 
and inclusion bodies 
which, when present, 
are characteristic of the 
disease.2      Canine   dis- 

bodies in the ocular trabecular meshwork, 
and 5) a few small foci of myocardial necro- 
sis associated with vascular fibrinoid necrosis 
and minimal lymphoplasmacytic inflamma- 
tion. Inclusion bodies were not found in other 
organs/tissues (e.g. stomach, conjunctiva…), 
and there were no lesions in the upper respir- 
atory tract and conjunctiva. 

Contributor’s Morphologic Diagnoses: 
Marked, diffuse, subacute, proliferative and 
bronchointerstitial pneumonia with numer- 
ous epithelial syncytia (type II pneumocytes) 
and intracytoplasmic eosinophilic inclusion 
bodies, consistent with canine distemper vi- 
rus (CDV) pneumonia. 

Contributor’s Comment: 
Histopathological observations and PCR re- 
sults were consistent with systemic canine 
distemper (CD), characterized by marked 

temper is a systemic disease caused by a sin- 
gle-stranded RNA virus in the family Para- 
myxoviridae, genus Morbillivirus. This genus 
presently includes, in addition to CDV, the 
Measles virus (MeV), the Phocine distemper 
virus (PDV), the Cetacean morbillivirus 
(CeMV), the Peste des petits ruminants virus 
(PPRV), the Rinderpest virus (RPV) and the 
more recently discovered Feline morbilli- 
virus (FeMV); the RPV was eradicated in 
2011.3 All morbilliviruses share many viro- 
logical, clinicopathological and epidemiolog- 
ical characteristics, with the exception of 
FeMV which is associated with renal tubu- 
lointerstitial disease.3,10 Typical morbilli- 
virus-induced disease is characterized mainly 
by profound and protracted immunosuppres- 
sion, with respiratory, neurological and/or 
gastrointestinal signs, depending on vi- 
rus/host.3 As the range of hosts susceptible to 
MeV infection is very limited (primates), 
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CDV represents an interesting alternative 
model for the study of morbillivirus-induced 
disease such as measles.3,4 The spectrum of 
hosts susceptible to CDV-induced disease in- 
cludes all families of the order Carnivora, 
several seal species, javelinas and several 
macaque species;1,4 CDV has also been iso- 
lated from many other terrestrial mammals 
and CDV is readily transmitted from one spe- 
cies to another.7 In countries where vaccina- 
tion is routinely done, CD incidence in dogs 
is low even though some vaccinated animals 
can develop the disease (possibly due to dif- 
ferent strains).1 However, CD is still very 
much a threat to domestic dogs and ferrets 
from countries where vaccination is not 
widespread and to wildlife in general. In the 
last decades, the known host range has ex- 
panded and several large outbreaks in differ- 
ent wildlife species have been documented; 
for instance, the much-publicized 1994 out- 
break in large felids in Tanzania's Serengeti 
National Park killed about a third of its lion's 
population.7 

Canine distemper is a highly contagious dis- 
ease. Transmission of CDV is most fre- 
quently by inhalation of aerosols from the 
respiratory tract or direct contact with 
oronasal secretions, but all secretions are po- 
tentially infective.1,2,7,9 The virus reaches the 
upper respiratory tract or pulmonary mucosa 
where it infects macrophages and monocytes 
and then reaches the tonsils and regional 
lymph nodes; it is highly lymphotropic. 
There is a subsequent first viremia and the vi- 
rus is disseminated to all lymphoid or- 
gans/tissues (~2-6 days P.I.), either free or 
within leukocytes. The virus induces apopto- 
sis in lymphocytes, mainly CD4+ T cells, re- 
sulting in lymphoid depletion, lymphopenia 
and immunosuppression. There is a second 
viremia in which the virus spreads to epithe- 
lial cells in many organs, mainly in the res- 
piratory, gastrointestinal and urinary tracts 
and to the CNS (~10 days P.I).1,2,7,9 The CDV 

H-protein (hemagglutinin) is considered the
key protein in viral attachment to host
cells.3,7,11 It is also essential to cell fusion, re- 
sponsible for the formation of syncytia which
are characteristic of systemic morbilliviral
diseases.11 There are two major receptors,
both with an immunoglobulin-like variable
domain, for CDV on host cells: 1) CD150 or
SLAM (signaling lymphocyte activation
molecule) on B and T lymphocytes, dendritic
cells and macrophages, and 2) nectin-4 (po- 
liovirus-receptor-like-4) on epithelial cells.4,7

The pathogenesis, pathology and clinical
signs of the neurological form of CD are var- 
iable; it will not be discussed further (see ref- 
erence 1). The severity of CDV-induced dis- 
ease depends on virus strain (there is only one
serotype), host immunity, age and species; in
domestic animals, ferrets are considered the
most susceptible species.3 Animals with ade- 
quate humoral and cellular immunity will
generally clear the infection after the first vi- 
remia, within 14 days of infection.1

In susceptible dogs, CD is generally a disease 
of dogs 3-6 months of age, when passive im- 
munity declines.2,9 The disease can be trans- 
mitted in utero (transplacental) in CDV-naïve 
animals, causing abortion, weak puppies and 
fatal neurological disease in newborn pup- 
pies; an unusual case with respiratory, but not 
neurological disease has been reported in 5- 
12 days puppies.9 The pathology of CD in 
dogs is variable, but lesions are mostly found 
in the CNS (most frequently demyelinating 
leukoencephalomyelitis), the lower respira- 
tory tract and lymphoid organs (lymphocytol- 
ysis and lymphoid depletion);1,2 ocular and 
nasal discharge is relatively frequent and 
helpful in the clinical diagnosis of respiratory 
and/or neurological disease (e.g CD vs ra- 
bies). In the lungs, CD may cause minimal to 
no lesions, typical viral bronchitis/bronchio- 
litis or bronchointerstitial pneumonia with or 
without type II pneumocyte proliferation. 
Syncytial formation is variable and observed 

357



in the lungs and occasionally in the CNS;2 it 
has been reported that the more a CDV strain 
is attenuated, the more it will induce syncyt- 
ial formation.11 Inclusion bodies can be found 
in nearly all organs (epithelial cells, histio- 
cytic cells, astrocytes, neurons…), with or 
without lesions, and are helpful for diagnosis. 
They are eosinophilic, mostly intracytoplas- 
mic in epithelial and histiocytic cells, and 
mostly intranuclear in the CNS (astrocytes 
and neurons); a study found the tonsils to be 
the most consistently involved cells, which 
could be of interest for the ante-mortem diag- 
nosis of CD (biopsy).6 Some dogs have min- 
imal CD-associated lesions, but because of 
immunosuppression develop opportunistic 
infections (e.g. bacterial and/or CAV-1 pneu- 
monia, toxoplasmosis, cryptosporidiosis …). 
Other reported lesions include: 

1. Pustular dermatitis and nasodigital hyper- 
keratosis/parakeratosis ("hardpad dis- 
ease")1,2

2. Enamel hypoplasia/dysplasia1,2 

3. Conjunctivitis ± keratitis, retinitis, optic
neuritis2 

4. Polioencephalomyelitis (can be concomi- 
tant with leukoencephalomyelitis) and
"old dog encephalitis"1,2 

5. Myocardial necrosis2,5 

6. Growth retardation lattice (metaphyseal
osteosclerosis)1,2 

Contributing Institution: 
Faculty of veterinary medicine, Université 
de Montréal. http://fmv.umon- 
treal.ca/faculte/departements/pathologie-et- 
microbiologie 

JPC Diagnosis: Lung: Pneumonia, bron- 
chointerstitial, proliferative and histiocytic, 
diffuse, severe, with marked type II pneumo- 
cyte hyperplasia and hypertrophy, viral syn- 
cytia, and intracytoplasmic and intranuclear 
inclusions. 

JPC Comment: 
The contributor provides a thorough review 
of this classic case of canine distemper virus 
infection. As previously stated, CDV infects 
a wide range of host species, and a 2020 Vet 
Pathol report detailed the first documented 
cases of CDV infections in sloths.8 The out- 
break occurred in Tennessee, and five of 
eight sloths within the quarantine enclosure 
died after a short history of lethargy and 
hyporexia.8 Crusting and ulceration over the 
tongue, oropharyngeal mucosa were present 
in three animals.8 All cases had lingual and 
oropharyngeal mucosal erosions and ulcera- 
tions, necrotizing bronchointerstitial pneu- 
monia, multifocal splenic necrosis, random 
hepatic necrosis.8 Intranuclear and intracyto- 
plasmic inclusions were observed in numer- 
ous tissues, including oropharyngeal mucosa, 
trachea, alveolar macrophages, type II pneu- 
mocytes, esophagus, urinary bladder, and 
hepatocytes.8 IHC confirmed CDV presence 
in the epithelial cells of the tongue, hepato- 
cytes, and less frequently in the meningeal 
vessel walls, ependymal cells, and choroid 
plexus.8 The infection also spread to three 
kinkajous in the same enclosure who died af- 
ter developing the same clinical signs. 8 

The moderators, Dr. Eric Lee and Dr. Juli- 
ana Lee, and conference participants dis- 
cussed the amount of autolysis in this speci- 
men, as evidenced by sloughing of individu- 
alized epithelial cells in the bronchioles, 
which obscured evidence of epithelial necro- 
sis. Ultimately, the group decided there was 
enough convincing evidence of bronchiolar 
involvement to diagnose bronchointerstitial 
pneumonia. 
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CASE III: 

Signalment: 
Estimated 3-year-old, spayed-female, Beagle 
dog (Canis lupus familiaris) 

History: 
The patient was originally adopted from 
Puerto Rico and was estimated to be 3-years- 
old. The patient was reportedly up-to-date on 
routine veterinary care, including vaccination 
(last vaccination was given Sept 2018 - about 
1 year prior to presentation). 

Patient initially presented to the Neurology 
Service for a one-month history of progres- 
sive ataxia and lethargy. At that time, neu- 
rolocalization included the thalamic cortex 
and cerebellar vestibular system. MRI did not 
reveal any abnormalities and CSF analysis 
showed normal protein levels with a slightly 
elevated mononuclear cell count. Tick-borne 

Cerebrum, dog: There is multifocal loss of the sharp linear 
distinction between grey and white matter (Photo cour- 
tesy of: Animal Medical Center, 510 E. 62nd Street, New 
York, NY 10065.) 

359

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pandher%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16617703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Podell%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16617703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gould%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=16617703
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/27724851
https://www.ncbi.nlm.nih.gov/pubmed/11413309
https://www.ncbi.nlm.nih.gov/pubmed/11413309
https://www.ncbi.nlm.nih.gov/pubmed/11413309
https://www.ncbi.nlm.nih.gov/pubmed/11413309
https://www.ncbi.nlm.nih.gov/pubmed/11413309


disease panel was negative. The patient was 
managed over one month with doxycycline 
and corticosteroids. Over the following 
month, the patient continued to decline with 
progressive ataxia and mentation changes, re- 
sulting in euthanasia. 

Gross Pathology: 
There is multifocal loss of grey-to-white mat- 
ter distinction. Randomly the white matter 
contains poorly demarcated, soft, tan re- 
gions/streaks (tinctorial change; decreased 
parenchymal whiteness), which is more evi- 
dent in the rostral cerebrum. Throughout the 
cerebral cortex, the grey and white matter 

there are dozens of poorly demarcated, soft, 
light brown-yellow foci. The meninges over 
the spinal cord are mildly to markedly thick- 
ened, mottled tan, brown, and dark red (hem- 
orrhages). 

Laboratory Results: 
Touch imprints of the meningeal surface are 
of good cellular and stain quality. Sample is 
comprised of rafts of cohesive mildly pleo- 
morphic epithelial cells mixed with small 
numbers of macrophages, lymphocytes, and 
plasma cells on a hemodiluted background. 

Within the subcortical white matter tracts, white matter tracts of the pons, and interspersed white matter within meten- 
cephalon are foci of spongiosis with myelin sheath loss, severely dilated myelin sheaths that infrequently contain macro- 
phages or fragmented myelin (digestion chambers), and multifocal swollen axons (spheroids). (Photo courtesy of: Animal 
Medical Center, 510 E. 62nd Street, New York, NY 10065.) 
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Microscopic Description: 
Brain, cerebral cortex -or- metencephalon at 
the level of the cerebellar peduncles: Subcor- 
tical white matter tracts, white matter tracts 
of the pons, and interspersed white matter 
within metencephalon are multifocally pale 
and vacuolated (spongiosis). Within these re- 
gions, there is myelin sheath loss, severely di- 
lated myelin sheaths that infrequently contain 
macrophages or fragmented myelin (diges 
tion chambers), and multifocal swollen axons 
(spheroids). Affected white matter tracts con- 
tain moderately increased numbers of reac- 
tive astrocytes. Multiple, inconsistently coa- 
lescing, poorly demarcated regions of grey 
matter display mild neuropil rarefaction and 
contain moderately to severely increased 
numbers of activated, reactive glial cells and 
gemistocytic astrocytes and few infiltrating 
lymphocytes and plasma cells. Astrocytes are 
commonly hypertrophied. Regional neurons 
are degenerate, multifocally display central 
chromatolysis, and are less frequently are 
shrunken, angulated, and hypereosinophilic 
(necrotic neurons). Neurons and astrocytes 
often contain intranuclear and/or -cytoplas- 
mic 3-7µm, round to oval, hyaline, pink or 
magenta inclusion bodies that in nuclei are 
associated with chromatin margination and 

Cerebrum, dog: Affected white matter tracts contain 
moderately increased numbers of reactive astrocytes. 
(Photo courtesy of: Animal Medical Center, 510 E. 62nd 

Street, New York, NY 10065.) 

clearing. There are rare syncytial cells. Re- 
gional cerebral blood vessels are occasionally 
tortuous and are often lined by swollen, hy- 
pertrophied endothelial cells. Multifocally, 
the meninges are mildly infiltrated by lym- 
phocytes, plasma cells, and macrophages. 
Following along Virchow-Robbin spaces and 
surrounding multiple cerebral blood vessels 
are moderate cuffs of lymphocytes, plasma 
cells, and lesser macrophages. 

Immunohistochemical stain for canine dis- 
temper virus (Animal Health Diagnostic Cen- 
ter/Cornell University) was placed on sec- 
tions of the brain and revealed strong cyto- 
plasmic immunoreactivity within neurons 
and astrocytes and highlights axonal projec- 
tions. 

Contributor’s Morphologic Diagnoses: 
1) Demyelination and axonal degeneration,

multifocal to locally extensive, moderate
to marked with spongiosis, swollen mye- 
lin sheaths with fragmented myelin and
macrophages (digestion chambers), and
multifocal distended axons (spheroids)

2) Leukoencephalitis, lymphoplasmacytic,
histiocytic, chronic, multifocal, moderate
with regional moderate to marked gliosis,
neuronal degeneration and necrosis with
mild neuronophagia, numerous intranu- 
clear and -cytoplasmic inclusions, rare
syncytial cells, and moderate lympho- 
plasmacytic perivascular cuffs

Contributor’s Comment: 
Histologic features in this case were con- 
sistent with a demyelinating leukoencephali- 
tis. Other findings in this dog were a single 
Dirofilaria immitis adult in the pulmonary ar- 
tery with expected reactive changes in the 
blood vessel and a single metazoan parasite 
larva in one kidney. In dogs, differentials for 
leukoencephalopathy include viral (rabies, 
CDV, canine herpes virus) and parasitic (Ne- 
ospora caninum) infections, as well as non- 
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infectious etiologies (e.g., polyneuritis, aller- 
gic encephalitis, necrotizing encephalitis).16

Profound demyelination and the presence of 
both intracytoplasmic and -nuclear inclusion 
bodies was suggestive of paramyxovirus in- 
fection. Lesions were most prevalent and se- 
vere in the cerebral cortex and the caudal- 
most focus was in the metencephalon at the 
level cerebellar peduncles. The cerebellum, 
caudal brainstem, and spinal cord were 
spared. Immunohistochemistry for CDV con- 
firmed intense immunoreactivity in neurons 
and astrocytes. Based on this patient’s signal- 
ment and history, progressive neurologic dis- 
ease over two months, and histologic lesion 
distribution, the current case was most con- 
sistent with “old dog encephalitis” (ODE). 
Like other reported cases of ODE, this patient 
was up-to date on vaccinations. 

Canine distemper virus is a highly contagious 
disease of carnivores with a worldwide distri- 
bution.1-21 Infections and outbreaks have 
been reported in numerous families within 
the order Carnivora, including Canidae (fox, 
wolves), Mustelidae (ferret, mink), Hyaeni- 
dae (hyena), Procyonidae (raccoon), Ailu- 
ridae (red panda), Ursidae (bear), Viverridae 
(civet, mongoose), Mephitidae (skunks), 
Odobenidae (walrus), Otariidae, and Feli- 
dae.3, 5, 9-11, 13, 19, 21 Most infections involve 
carnivores, but infections have been reported 
in non-carnivore species in the orders Ro- 
dentia, Primates, Artiodactyla (pigs, cervids), 
Pilosa (tamandua and sloth), and Proboscidea 
(elephants).5, 9, 10, 11, 17 Outbreaks have been 
described in multiple wildlife species and 
hence CDV is a threat to conservation efforts 
worldwide.5, 10, 11 CDV can circulate in wild- 
life species even when infection rates are low 
in domestic dogs, suggesting that the virus 
persists in a complex reservoir system10 and 
thus both asymptomatic domestic and wild- 
life reservoirs play an important role in driv- 
ing epidemics.5 In one review, the majority of 
cases outside of domestic dogs were reported 

in captive animals, suggesting that conditions 
of captivity (e.g., housing multiple mamma- 
lian species in close proximity) is a risk factor 
for infection.10 CDV should be a considered 
a differential diagnosis of disease and extinc- 
tion events, even in species outside of the or- 
der Carnivora.10 

Canine distemper virus (CDV) belongs to the 
family Paramyxoviridae within the morbilli- 
virus genus.1-3, 5-11, 13, 14, 16, 17, 20, 21 Other im- 
portant morbilliviruses in veterinary medi- 

Cerebrum, dog: Affected white matter tracts contain 
moderately increased numbers of reactive astrocytes. 
(Photo courtesy of: Animal Medical Center, 510 E. 62nd 

Street, New York, NY 10065.) 

cine include Rinderpest Virus, Peste des 
Petits Ruminants Virus, Phocine Distemper 
Virus, Cetacean Morbillivirus, and Equine 
Morbilivirus.8-11, 16, 19, 21 Important veterinary 
pathogens within the larger Paramyxoviridae 
family include those of the genera 
henipavirus (Hendra and Nipah Viruses), 
avulavirus (Newcastle Disease Virus and 
other avian paramyxoviruses), rubulavirus 
(Porcine Rublavirus, mumps), respirovirus 
(Sendai virus, Bovine Parainfluenza Virus 3), 
Metapneumovirus (Avian Rhinotracheitis 
Virus), ferlavirus (Fer-de-lance), and aquapa- 
ramyxovirus (Atlantic Salmon Paramyxovi- 
rus), as well as several unclassified paramyx- 
oviruses (Bottle-nosed Dolphin paramyxovi- 
rus, Salem Virus). 8, 9, 11, 12 
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Paramyxoviruses are large (150-300 nm), 
pleomorphic, enveloped viruses with a nega- 
tive-sense, single-stranded RNA genome.3, 5,

6, 8, 9, 11, 14, 17, 20, 21 Viral proteins include two 
viral envelope glycoproteins (fusion (F) and 
hemagglutinin (H)), a nucleocapsid (N) pro- 
tein, two transcription-associated proteins (P 
protein and viral polymerase (L)), and a 
membrane (M) protein. 3, 5, 9-12, 20 Infection is 
initiated through binding of the viral hemag- 
glutinin (H) protein to SLAM (signaling lym- 
phocyte activation molecule) and nectin-4 re- 
ceptors on host immune and epithelial cells, 
respectively.5, 9, 10, 20 A potential 3rd host re- 
ceptor, GliaR, is suggested on glial cells.5
Thus, the highly variable H glycoprotein is 
the main determinant of cellular and host tro- 
pism. 5, 9, 10, 12, 20 Virulence is modulated via 
the fusion (F) glycoprotein, which mediates 
union between the virus and host plasma 
membranes allowing for viral penetration.5, 20

Characteristic syncytial cells due to host cell 

fusion is likewise facilitated by the F glyco- 
protein.9, 20 Replication occurs in the host cell 
cytoplasm and virions are released by bud- 
ding from the plasma membrane through in- 
teractions with the membrane (M) protein.5,

11, 12 Infection is cytolytic with the virus kill- 
ing host cells during replication and re- 
lease.11, 20 Virus is shed primarily in respira- 
tory secretions, but other body secretions and 
fluids are infectious to a lesser extent.3, 5, 7

The primary modes of transmission include 
close contact and aerosol.3, 5-7, 9-11, 20, 21 As this 
virus is relatively labile in the environment, 9,

11 fomite transmission is less frequent. 3, 5-7, 9- 
11, 20, 21 

After inoculation, CDV first colonizes the 
upper respiratory tract mucosa, where it in- 
fects local lymphocytes and is phagocytized 
by local macrophages and dendritic cells.6, 9, 

11, 13, 19-21 Infected immune cells then travel to 
the regional lymph nodes and tonsils,  where 

viral replica- 
tion occurs re- 
sulting in 
lymphoid ne- 
crosis and de- 
pletion.3,    6,  9, 
11,  13,  19-21 Pri- 
mary viremia 
results allow- 
ing for dis- 

semination 
through  the 

hemolym- 
phatic system. 
3, 6, 9, 11, 13, 19-21 

The resulting 
immunosup- 

pression facil- 
itates the de- 

velopment of 
opportunistic 

infections, 3, 6, 

Neurons and astrocytes often contain intranuclear and/or -cytoplasmic 3-7µm, round to oval, hya- 
line, pink or magenta inclusion bodies. (Photo courtesy of: Animal Medical Center, 510 E. 62nd Street, 
New York, NY 10065.) 

9, 11, 13, 19 21, 
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and CDV-associated thymic atrophy further 
drives immunosuppression.3, 16 Secondary vi- 
remia develops through leukocyte and plate- 
let trafficking and cell free viremia.5, 6, 9, 11, 13, 

19-21 The extent of viral dissemination and 
thus clinical disease depends on the rapidity 
and effectiveness of the individual’s immune 
response against the specific viral strain.3, 9,

11-13, 21 Patients with an adequate immune re- 
sponse will go on to clear infection, while 
those that mount a poor to absent response 
display widespread systemic disease with 
high mortality.3, 9, 13, 21 With an intermediate 
immune response, minor to absent mucosal 
disease and variable neurologic disease may 
be seen.3, 9, 13, 21

Canine distemper virus is pantropic with a 
high affinity for lymphoid, epithelial, nerv- 
ous, and ocular tissues.13, 20, 21 Severity of dis- 
ease depends on the viral strain, age and im- 
mune status of the host, and rapidity of the 
immune response. 3, 6, 9, 11-13 Clinical disease 
in dogs is most common in puppies of 12-16 
weeks of age when maternally derived, pas- 
sive immunity wanes. 3, 6, 9, 11-13, 20 In these 
young naive dogs, clinical disease typically 
manifests as a combination of CNS, respira- 
tory, and/or gastrointestinal signs. 9, 13, 20 In- 
fection typically starts with fever and con- 
junctivitis and rapidly progresses to respira- 
tory and gastrointestinal signs.3, 9 Extra-nerv- 
ous signs typically develop about a week post 
inoculation and include pyrexia, oculonasal 
discharge, pharyngitis, tonsilitis, otitis in- 
terna/labyrinthitis, cough, vomit, diarrhea, 
skin rash and pustules, hyperkeratosis of the 
nose and foot pads, enamel hypoplasia (due 
to ameloblast degeneration and necrosis), 
lower urinary tract signs, ocular disease (due 
to viral retinitis, non-suppurative optic neuri- 
tis, and optic nerve demyelination), and abor- 
tion.3, 5, 6, 9, 11-17, 19-21 Histologic changes in the 
lungs include necrotizing bronchointerstitial 

Cerebrum, dog: Regional cerebral blood vessels are occa- 
sionally tortuous and are often lined by swollen, hyper- 
trophied endothelial cells and contain 2-3 layers of lym- 
phocytes and plasma cells. (Photo courtesy of: Animal 
Medical Center, 510 E. 62nd Street, New York, NY 10065.) 

pneumonia with type II pneumocyte hyper- 
plasia and syncytial cell formation, pulmo- 
nary edema, and inclusion bodies in pneumo- 
cytes and alveolar macrophages.3 Enteric le- 
sions attributable to the gastrointestinal signs 
are not well described, but virus is thought to 
infect the intestinal crypt epithelium.14 CDV 
less consistently causes an infectious myo- 
carditis, which depending on chronicity can 
be accompanied by frank myocardial necro- 
sis and/or fibrosis. 3, 19 In both experimental 
and natural infections growth retardation lat- 
tices can be seen in the bones, which in ex- 
perimental models was related to transient 
impaired osteoclastic resorption of the pri- 
mary spongiosis.4 In an outbreak in Lin- 
naeus’s 2-toed sloth (Choloepus didactylus), 
marked hepatic tropism was an atypical strik- 
ing feature.17 Affected dogs may die at this 
stage, recover fully, or go on to develop neu- 
rologic signs 1-6 weeks later.3, 6, 9, 11, 21 

CDV is associated with several distinct nerv- 
ous system manifestations in dogs1 that in- 
clude: 1) canine distemper encephalomyelitis 
in immature dogs, 2) old dog encephalitis, 3) 
multifocal distemper encephalomyelitis in 
mature animals, and 3) post-vaccinal enceph- 
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alitis.1, 7 The latter three are uncommon man- 
ifestations confined to the CNS only.1, 2, 7 The 
syndrome that develops is directly dependent 
on the viral strain, host age and immune sta- 
tus, and neuroanatomic location of patho- 
logic lesions.7 The most common CNS man- 
ifestation is canine distemper encephalomye- 
litis in immature dogs that is part of the 
above-described pantropic infection. 1, 2, 7, 13

In these naive animals, neurologic disease 
can occur with or without preceding or con- 
current gastrointestinal and/or respiratory 
signs.9, 13, 16, 20, 21 Approximately 30% of dogs 
infected with systemic disease ultimately de- 
velop neurologic dysfunction observed 1-6 
weeks after the onset of initial signs.6, 9, 20, 21

Hematogenous spread to the CNS allows for 
initial infection of and viral replication in 
vascular pericytes and astrocyte foot pro- 
cesses, endothelial cells, microglia, and cho- 
roid plexus epithelium.13, 20, 21 Involvement of 
the choroid plexus epithelium and ependyma 
allows for the virus to be shed into and dis- 
seminated by the CSF.3, 20, 21 With dissemina- 
tion, virtually all cells of the CNS are suscep- 
tible to infection.3, 11, 13, 20, 21 Neurologic signs 
include cerebellar or vestibular ataxia, “gum 

Cerebrum, dog: Immunohistochemistry for CDV antigen 
reveals strong cytoplasmic immunoreactivity within neu- 
rons and astrocytes and highlights axonal projections. 
(Photo courtesy of: Animal Medical Center, 510 E. 62nd 

Street, New York, NY 10065.) 

chewing”, paresis to paralysis, myoclonus, 
tremors, circling, hyperesthesia, and epileptic 
seizures. 3, 5, 6, 9, 11, 16, 19-21 In a recent single 
case report, CDV infection presented as focal 
lower motor neuron signs and hyperesthesia 
to one forelimb, which rapidly progressed to 
diffuse lower motor signs of all limbs and sei- 
zures.6 This unique presentation was related 
to lesion distribution to the C5 and lumbar 
spinal cord segments.6 The main histologic 
lesion in naïve patients is a demyelinating 
leukoencephalopathy related to viral-induced 
injury to the neurons and olidodendroglia.9, 13,

16, 17, 20, 21Acute lesions in the CNS are not 
overwhelmingly inflammatory and are likely 
related to metabolic dysfunction, decreased 
myelin synthesis by damaged oligodendro- 
cytes, and microglia activation.9 With lesion 
progression CDV-specific immune responses 
and viral persistence induce an inflammatory 
reaction.9 Viral-induced damage to oli- 
godendrocytes leads to highly characteristic, 
primary demyelination predominantly dis- 
tributed to the cerebellum, periventricular 
white matter, spinal cord, and optic tracts.3, 6, 

9, 13, 16, 18, 20, 21 Additional white matter 
changes depend on chronicity and include in- 
tra-myelinic edema, vascular proliferation 
with hypertrophied endothelial cells, infiltrat- 
ing macrophages associated with myelin de- 
bris, white matter necrosis, gliosis.3, 9, 16, 18, 20,

21 Alterations to the grey matter target the cer- 
ebral cortex, cerebellum, brainstem, and spi- 
nal cord and include non-suppurative enceph- 
alitis with perivascular cuffs.3, 16, 20, 21 Neu- 
ronal injury is demonstrated by central chro- 
matolysis and degenerative neurons that pro- 
gress to eventual necrosis with inconsistent 
neuronophagia.3, 16, 20, 21 Intracytoplasmic and 
-nuclear inclusions are seen in neurons and
astrocytes.11, 16, 21 Sclerotic astrocyte foci and
myelin loss may be seen in survivors.3, 11, 20,

21 

This patient’s signalment and history (i.e., 
middle-age, progressive neurologic disease 
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over two months, and up-to-date vaccination 
status) and pathologic findings (i.e., lack of 
findings consistent with systemic CDV infec- 
tion, histomorphologic features confined to 
the CNS, and lesion distribution) were most 
consistent with “old dog encephalitis”. Old 
dog encephalitis (ODE) is a rare, unique, in- 
variably fatal CNS-only presentation in older 
dogs.1-3, 7, 9-12, 16, 21 A diagnosis of ODE ne- 
cessitates a combination of clinical history 
and findings, typical histologic lesions and 
distribution, and absence of CDV-induced le- 
sions in other organs.7 Affected animals are 
typically completely vaccinated with no evi- 
dence of previous systemic CDV infection.1, 

7, 9, 12, 20 Clinical disease is insidious charac- 
terized by chronic, progressive cortical dis- 
ease with motor and behavioral disturbances 
(i.e., circling, swaying, weaving, compulsive 
walking, postural reaction deficits, head 
pressing, and pushing on fixed objects) .1-3, 7, 

11, 21 In one experimentally-induced ODE 
case, the dog exhibited multiple episodes of 
relapsing cortical and subcortical signs and 
epileptic seizures were part of this dog’s dis- 
ease.1 Gross lesions are non-specific with 
ODE and include dilation of the ventricles, 
loss of grey-white matter distinction, and 
grey-brown regions in the forebrain.2,7 Histo- 
logic changes are confined to the cerebral 
cortex, thalamus, and mid-brain, with sparing 
of the caudal brainstem and spinal cord.1, 2, 7, 

16, 21 Histomorphologic features include de- 
myelination; vacuolization of the subcortical 
white matter, non-suppurative encephalitis 
with profound perivascular cuffs; astrocyto- 
sis and astrogliosis; neuronal loss, degenera- 
tion, and necrosis; and neuropil rarefaction.1, 
2, 7, 16, 21   Inclusion bodies are numerous.1, 2, 7,

16, 21 Ultrastructural changes include mononu- 
clear cuffs, viral nucleocapsids and viral bud- 
ding in the grey matter, electron-dense gran- 
ular material in Virchow-Robbins spaces (un- 
clear origin), and white matter changes sug- 
gestive of abortive and inadequate axonal re- 
myelination (i.e., naked axons surrounded by 

astrocyte processes and remyelinated axons 
with thin myelin sheaths) and chronic demy- 
elination (i.e., loosely arranged demyelinated 
axons separated by inflammatory cells).1 The 
pathogenesis of old dog encephalitis is un- 
clear and the host-to-virus relationship is not 
understood.1-3, 7, 9-12, 16, 21 Previously proposed 
theories have included: 1) wild-type viral 
persistence in a rare replication-defective 
state, 2) terminal result of chronic subclinical 
CDV encephalitis, 3) re-infection, and 4) a 
viral strain predisposed to persistent infec- 
tion.1, 2, 9, 11, 12, 21 At this time, ODE is believed 
to be the result of virus persistence in the 
CNS in a replication-defective form.1-3, 7, 9-12, 

16, 21 Evidence to support this theory include: 
1) ODE isolates are antigenically similar to
the wild-type virus and don’t display a muta- 
tion rate beyond what is expected for an RNA
virus,1, 7 2) unique histomorphologic features
of ODE that are less consistent with progres- 
sion of previous infection (i.e., profound an- 
giogenic distribution and atypical lesion lo- 
calization),1, 7 3) difficult post-infection iso- 
lation of the inoculating virus (i.e., prolonged
culture and coculture with susceptible Vero
cell monolayer),1 and 4) patient histories1-3, 7, 

9-12, 16, 21. In addition, ODE has some similar- 
ities to subacute, sclerosing panencephalitis
(SSPE) seen in children with persistent infec- 
tions with a replication-defective measles vi- 
rus.1, 11, 12 SSPE is slightly different from
ODE in that SSPE isolates are constitutively
replication defective and therefore never pro- 
duce viral particles, where in ODE virions
can be isolated but with significant diffi- 
culty.1, 12 

Other CNS-only manifestations of CDV are 
similarly uncommon. Multifocal distemper 
encephalitis in the mature dog is a rare, 
chronic progressive disease due to infection 
in middle-aged to senior dogs (4-8-years- 
old).2 Clinical signs include slowly progres- 
sive head tremors, hindlimb paresis, and in- 
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coordination.2 Seizures are not typical.2 His- 
tologic changes are restricted to the CNS, 
where lesions are predominantly distributed 
to the cerebellum and spinal cord, with spar- 
ing of the cerebral cortex.2 Histologic fea- 
tures include a demyelinating leukoencepha- 
litis, multifocal necrotizing, non-suppurative 
encephalitis, and rare intranuclear inclusion 
bodies.2 Post-vaccinal distemper is uncom- 
mon and presents as severe, often lethal neu- 
rologic decompensation with aggressive be- 
havior in patient who have been recently vac- 
cinated (within 3 weeks) with an attenuated 
viral strain.2, 16 Histologic lesions are not 
well-characterized, but grey matter changes 
are similar to those described in natural dis- 
ease with relative sparing of the white mat- 
ter.2

Contributing Institution: 
Animal Medical Center 
510 E. 62nd Street 
New York, NY 10065 

JPC Diagnosis: Cerebrum: Encephalitis, 
lymphohistiocytic, chronic, multifocal, mod- 
erate, with spongiosis, gliosis, and neuronal 
and glial intranuclear and intracytoplasmic 
viral inclusions. 

JPC Comment: The contributor provides an 
excellent and thorough review of systemic and 
neurologic manifestations of canine distemper 
virus infection. This week’s moderators, Drs. 
Eric and Juliana Lee, selected two cases of ca- 
nine distemper (see Case 2 for CDV-pneumonia 
in a dog) to demonstrate the spectrum of disease 
caused by this pancytotropic virus. 

CDV is closely related to two other morbilli- 
viruses: rinderpest virus (RPV) and human mea- 
sles virus (HMV). Rinderpest virus, which was 
recently eradicated, is the oldest of these viruses, 
with origins in Asia over three thousand years 
ago.11 The virus then spread to the Near East and 
Europe, and texts from Greece and Rome docu- 
ment rinderpest outbreaks in the fourth century 

BCE.15 Human measles virus was first docu- 
mented around the ninth century CE, and the 
term morbilli, a diminutive for “morbus” or ill- 
ness, was coined to differentiate it as a “small” 
illness compared to smallpox.11 It is thought that 
human measles virus originated from RPV or a 
common morbillivirus precursor of ungulates 
and phylogenetic analysis suggests that it di- 
verged around 12th century CE.11,15 Canine dis- 
temper virus is much younger than both RPV 
and HMV, with the first reports in Central and 
South America in the early 1700s.11 Two dec- 
ades years after its first appearance in the New 
World, CDV was reported in Europe and its ini- 
tial epizootic spread had a high initial rate of 
mortality, characteristic of a newly introduced 
pathogen.15 

Several hypotheses have been proposed regard- 
ing the evolution and first occurrence of CDV in 
the Americas, including a sylvatic virus that 
jumped to domestic dogs or a virus of domestic 
dogs belonging to Paleoindians which spread 
with their movement.15 A recent study by Uhl et 
al evaluated historical records, genetic and epi- 
demiologic characteristics, and paleopathologic 
data to uncover the origins of CDV, and ulti- 
mately, they supported a different theory: that 
CDV began when HMV jumped from humans to 
dogs.15 First, the group evaluated 2335 perma- 
nent teeth from 96 dog skeletons from the Wey- 
anoke Old Town (750-1470 CE) site in Virginia 
and found no evidence of enamel hypoplasia (in- 
dicative of in utero CDV infection); additionally, 
enamel lesions were absent in 42 dogs from 
South American site dating from 1030-1324 
CE.15 These findings support the fact that CDV 
arose after the arrival of European explorers and 
the HMV they carried. Second, the remarkable 
genetic similarities in sequence, structure, anti- 
genic epitopes, and host receptors they target in- 
dicate CDV and HMV likely arose from a com- 
mon ancestor.15 Codon usage analysis also indi- 
cates that CDV likely evolved from a virus that 
previously infected humans, as its codon usage 
bias (which reflects evolutionary host adapta- 
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tion) favors that of a human over a dog.15 Fi- 
nally, the authors used historical records to 
demonstrate the massive social disruption and 
upheaval caused by European activities coupled 
with overwhelming illness and death with the in- 
troduction of HMV to naïve populations pro- 
vided ample opportunity for the virus to jump 
species and adapt to domestic dogs.15 While not 
definitive proof, this interdisciplinary evidence 
supports the hypothesis that CDV infection in 
dogs arose from HMV epidemics in native South 
American populations.15 

Conference participants debated whether demye- 
lination or encephalitis were the primary lesions. 
Ultimately, participants felt the inflammation 
was more significant, and the number of gitter 
cells and level of myelin debris did not reach a 
level to support demyelination in the morpho- 
logic diagnosis. The term spongiosis was used to 
describe the white matter vacuolation visible 
from sub-gross magnification and could be the 
end-state of either of these two processes. 
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CASE IV: 

Signalment: 
7-year-old male Alaskan Malamute dog

History: 
A 7-year-old male Alaskan Malamute dog 
was presented with non-specific clinical 

Mesenteric lymph node, dog. The mesenteric lymph node 
is effaced by encapsulated mass of about 15 cm. in diame- 
ter, with a central area of caseous necrosis. (Photo courtesy 
of: Servei de Diagnostic de Patologia Veterinària, Facultat 
de Veterinària UAB, Bellaterra (Barcelona).) 
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Lung, dog. Multifocal to coalescing, whitish and dense 
nodules up to 0.5 cm in diameter are randomly scattered 
through all pulmonary lobules. Moderate amount of white 
foam in the trachea and bronchial lumen. (Photo courtesy 
of: Servei de Diagnostic de Patologia Veterinària, Facultat 
de Veterinària UAB, Bellaterra (Barcelona).) 

signs (weight loss, apathy and anorexia). Ul- 
trasonography and CT scan revealed the pres- 
ence of a large mass in the abdominal cavity 
and multiple smaller masses in the liver. Bi- 
opsies of the masses were taken, and a 
pyogranulomatous hepatitis and lymphadeni- 
tis was diagnosed histologically. GRAM, 
Ziehl-Neelsen (ZN), Grocott and PAS stains 
did not reveal bacterial or fungal aetiology. 
Negative results were obtained by PCR for 
Leishmania spp., Bartonella spp., atypical 
Mycobacteria, Neospora caninum, Toxo- 
plasma gondii and Cryptosporidium spp. Be- 
cause of the poor prognosis the dog was eu- 
thanatized. 

Gross Pathology: 
At postmortem examination, the dog showed 
loss of body condition. The mesenteric lymph 
node was replaced by a soft, encapsulated 
mass of about 15 cm. in diameter, with a 
central area of caseous necrosis. Also, multi- 
ple, randomly distributed granulomas of 0.2 
to 0.5 cm in diameter were seen along the 
serosa and in the parenchyma of lung, heart, 
liver, kidneys, omentum and brain. 

Laboratory Results: 
Postmortem: Additional ZN staining were 
performed on several tissues taken at nec- 
ropsy. ZN stain showed acid-fast bacilli in 
the necrotic center of granulomas and also 
within macrophages. Frozen samples pre- 
served at necropsy were submitted for myco- 
bacterial investigation. Direct PCR for the 
Mycobacterium tuberculosis complex 
(MTC) yielded a positive result, and a myco- 
bacteria belonging to the MTC was cultured. 
The isolated mycobacteria was identified as 
Mycobacterium tuberculosis by spoligotyp- 
ing. 

Microscopic Description: 
Kidney: Multifocal to coalescing, variably 
size (0.2 to 0.5 cm in diameter) granuloma- 
tous-necrotizing nodular lesions scattered 
throughout the cortex, medulla and to a lesser 
extent pelvis, are observed replacing approx- 
imately 20-25% of the evaluated paren- 
chyma. The center of some of these nodules 
is composed of moderate amount of acellular 
and amorphous hypereosinophilic necrotic 
material admixed with cellular debris, kari- 
orexis and karyolysis (lytic necrosis). De- 
pending on the section assessed, occasional 
necrotic glomeruli and tubules are trapped 

Lung, dog. Transverse section showing the intraparen- 
chymatous and subpleural location of the nodules. (Photo 
courtesy of: Servei de Diagnostic de Patologia Veterinària, 
Facultat de Veterinària UAB, Bellaterra (Barcelona).) 
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within the necrotic debris also with mild dep- 
osition of granular and basophilic mineral 
material (dystrophic mineralization). These 
nodules are demarcated by mild to moderate 
macrophagic inflammation, mainly epitheli- 
oid cells, with scarce multinucleated giant 
cells (Langhans type), surrounded by a thin 
capsule of mature connective tissue (fibrosis) 
at the periphery (Granuloma). Multifocally, 
other non-encapsulated granulomas are also 
observed and are composed of moderate 
amount of viable and degenerated neutrophils 
and macrophages without obvious areas of 
lytic necrosis in the center. Acid-fast bacilli 
were observed in the cytoplasm of macro- 
phages and free within the necrotic material 
with ZN staining. Diffusely, the glomeruli of 
non-affected parenchyma showed moderate 
thickening of the glomerular Bowman cap- 
sule and basement membranes due to the 
presence of acellular and amorphous eosino- 
philic material. 

Contributor’s Morphologic Diagnoses: 
Nephritis, granulomatous and necrotizing, 
multifocal to coalescing, severe, chronic. 

Contributor’s Comment: 
Tuberculosis (TB) is a zoonotic disease 
caused by mycobacteria of the Mycobacte- 
rium tuberculosis complex (MTC) in a broad 
range of mammalian hosts. MTC comprises 
M. tuberculosis, M. bovis, M. africanum, M.

Kidneys, dog. Multifocal to coalescing, prominent white 
nodules up to 0,3 cm in diameter surrounded by a red 
halo are randomly distributed through the cortex, affect- 
ing both cortex and medulla in the opened section. (Photo 
courtesy of: Servei de Diagnostic de Patologia Ve- 
terinària, Facultat de Veterinària UAB, Bellaterra (Barce- 
lona).) 

Kidney, dog. Multifocal to coalescing, randomly distrib- 
uted 500 µm to 600 µm in diameter granulomatous and 
necrotizing nodules scattered through renal cortex, com- 
posed of moderate amounts of central lytic necrosis .. 
(HE, 100X) (Photo courtesy of: Servei de Diagnostic de Pa- 
tologia Veterinària, Facultat de Veterinària UAB, Bellate- 
rra (Barcelona).) 

microti, M. canetti, M. caprae, and M. pinni- 
pedii ([3][16]). Though a significant progress 
has been made toward the elimination of tu- 
berculosis from humans, this disease remains 
an important health, social and economic 
problem ([1][14]). 

M. tuberculosis and M. bovis occur most fre- 
quently in their respective hosts, but may in- 
fect many other species. Humans are the only
reservoir host for M. tuberculosis; however,
this bacterium has a wide host range, includ- 
ing dogs, cats, pigs, cattle, captive monkeys,
psittacine birds, fish, reptiles and marine ani- 
mals ([2][7][16][17]).

Dogs and cats have been pointed as potential 
carriers and as a possible source of tubercu- 
lous infection to other species ([1]). The sus- 
ceptibility of dogs to infection with M. tuber- 
culosis is still a matter of debate. Malin 
(1940) was the first who reported tuberculo- 
sis in dogs and their owners. Later on, tuber- 
culosis in dogs was linked to the disease in 
humans and cattle ([1][13]). Studies on dogs 
being in contact with people suffering from 
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Kidney, dog. Granulomas are surrounded by moderate 
amounts of inflammatory cells and thin fibrous capsule. 
(HE, 200X) (Photo courtesy of: Servei de Diagnostic de Pa- 
tologia Veterinària, Facultat de Veterinària UAB, Bellate- 
rra (Barcelona).) 

tuberculosis show high levels of M. tubercu- 
losis isolated from otherwise healthy-looking 
animals and, in some cases, dogs infected 
with M. tuberculosis demonstrated the full 
clinical picture of the disease ([1]). 

Canine TB has been caused by M. tuberculo- 
sis, M. bovis, and M. microti ([3]). Although 
dogs are less susceptible to M. tuberculosis 
than to the other tuberculous mycobacteria, 
they can become infected after prolonged ex- 
position to infected human respiratory secre- 
tions ([1][3][14][16]). Thus, M. tuberculosis 
infection in dogs is considered an anthropo- 
zoonosis ([7][11]). Therefore, the incidence 
of canine TB is closely related to the inci- 
dence of human TB, being higher in urban ar- 
eas, where the human patients are concen- 
trated, or in developing countries 
([1][7][16]). Middle Africa and Southern 
Asia seem to be the parts of the world where 
human TB is most prevalent ([15]). Evidence 
indicates that many companion animals in- 
fected with M. tuberculosis had a history of 
living in an environment with humans in- 
fected by TB, or that the animals had intimate 
contact with owners affected by TB ([11]). 
Genotypic comparison of mycobacteria re- 
covered from owners and dogs may confirm 

the similarity of strains that infected house- 
hold members and/or their pet ([5][11]). 

The inhalation of aerosolized droplets from 
humans appears to be the primary route of ca- 
nine TB infections ([12]). In addition, cuta- 
neous and ingestion of contaminated food or 
sputum are well-recognized sources of M. tu- 
berculosis transmission from humans to dogs 
([1][11][12]). 

Although no clear canine-to-human M. tuber- 
culosis transmission has been documented, 
dogs can discharge organism in the sputum 
leading to elimination of M. tuberculosis into 
the home environment ([7][11][16]). In addi- 
tion, experimental infection results led to the 
assumption that the transmission of M. tuber- 
culosis between infected and healthy dogs 
kept in close contact is possible, suggesting 
that naturally infected dogs may be a contin- 
uous source of infection for humans and other 
animals ([1][11]). 

Natural TB in companion animals is most 
commonly a subclinical disease. TB-infected 
dogs with less than two years old rarely ex- 
hibit clinical manifestations except when ex- 

Kidney, dog. Deeper in the cortex and within the medulla, 
granulomas are forming in areas of tubular and vascular 
necrosis. (HE, 100X) (Photo courtesy of: Servei de Diag- 
nostic de Patologia Veterinària, Facultat de Veterinària 
UAB, Bellaterra (Barcelona).) 
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posed to a high number of pathogenic myco- 
bacteria ([10]). In dogs that develop clinical 
signs, the most common primary sites of TB 
infection are the lungs and the pulmonary 
lymph nodes, being pneumonia the main clin- 
ical manifestation of M. tuberculosis 
([1][4][11]). Nevertheless, occasional cases of 
canine mycobacterial infection involving 
primarily the digestive tract have been de- 
scribed worldwide, although some of them 
caused by non-tuberculous mycobacteria, es- 
pecially M. avium ([8][9]). A generalized form 
of TB is considered rare in dogs infected with 
M. tuberculosis ([11]). These cases probably 
result from hematogenous dissemi- nation of 
bacilli following erosion of the wall of a 
blood vessel by an expanding tubercle. In 
some instances, presumably following 
substantial release of bacilli into the blood, 
the presence of innumerable tiny white foci 
justifies the term “miliary tuberculosis.” Em- 
bolic lesions are most common in lung, and 
may involve lymph nodes, bone, liver, kid- 
ney, mammary gland, uterus, pleura, perito- 
neum, pericardium, and meninges. Lesions 
are rare in salivary gland, pancreas, spleen, 
brain, myocardium, or muscle ([2][3]). Un- like 
other species, such as bovine, TB in dogs 
often appears as granulation tissue in which 
macrophages are scattered at random and gi- 
ant cells are rare. Small and generalized gran- 
ulomas are uncommon, and are composed 
principally of epithelioid cells surrounded by 

Kidney, dog. Acid fast bacilli are scattered in low numbers 
throughout areas of granulomatous inflammation. (Fite- 
Faraco, 400X) 

narrow zones of fibrous tissue in which 
there are scattered small collections of 
lympho- cytes and plasma cells. Thus, the 
lack of Langhans cells and demarcation of the 
gran- ulomas is considered as an essential 
feature of TB in dogs. In addition, the necrosis 
is not a feature in these kind of granulomas but 
is often present in the centers of larger and more 
chronic ones ([2]). In dogs, intrabronchial 
dissemination within the lungs occurs quite 
rapidly and can lead to tuberculous bronchitis 
and bronchiolitis. Pleuritis or peritonitis often 
accompanies primary infections in the lungs or 
intestine, respectively, with diffuse or 
finely nodular pleural thickening by granula- 
tion tissue containing few macrophages and 
bacilli ([2]). 

Dogs can also be infected by non-tuberculous 
mycobacteria which, in contrast, are ubiqui- 
tous and potentially pathogenic. Within the 
nontuberculous mycobacteria group, the My- 
cobacterium avium complex (MAC) encom- 
passes mycobacterial species considered to be 
the most likely causative agent of dissem- 
inated disease in humans and dogs. Zoonotic 
transmission of MAC is as likely as environ- 
mental acquisition ([3]). Dogs are relatively less 
susceptible to infection with MAC or- 
ganisms than to MTC pathogens, and despite 
the ubiquitous and widespread nature of 
MAC organisms, infections in dogs are rare, 
owing to their innate resistance ([6]). 

Intradermal tuberculin testing and serological 
tests in dogs are considered inconsistent and 
unreliable. The pathomorphological and bac- 
teriological analyses are still the most reliable 
tests and constitute mainly post-mortem diag- 
nosis. Although PCR techniques are becom- 
ing very valuable, mycobacterial culture is 
considered the reference standard for TB di- 
agnosis ([1][3][11]). The use of ZN staining in 
microscopic examination, cytology, and/or 
histology samples for the identification of acid-
fast organisms is a valuable method for routine 
mycobacterial diagnosis. In this case, the 
presence of acid-fast bacteria in the gran- 
ulomas observed was not homogeneous with 
ZN stain. Very few or absence
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of bacteria were observed in the most chronic 
granulo- mas in which areas of central 
necrosis are seen but higher amounts of them 
were seen in the more incipient granulomas, 
in which there are not areas of evident central 
necrosis. This fact can justify that bacteria 
were not ob- served in biopsies taken 
antemortem with Zn stain. These results 
demonstrate the possibil- ity of obtaining 
false negative results using ZN and show the 
need for combining meth- ods in the diagnosis 
of canine TB ([11]). 

Contributing Institution: 
Servei de Diag- nostic de Patologia 
Veterinària, Facultat de Veterinària UAB, 
Bellaterra (Barcelona). 

JPC Diagnosis:  
Kidney: Nephritis, granu- lomatous, 
multifocal to coalescing, marked. 

JPC Comment: 
The hallmark of Mycobacte- rium tuberculosis 
(MTB) infection is the pulmo- nary granuloma; 
this case illustrates these classi- cal caseous 
granulomas in an extrapulmonary lo- cation, and 
the contributor does an excellent job summarizing 
this disease in dogs. 

A recent article by Pereira et al in the Journal of 
Comparative Pathology described the histologic 
appearance and distribution of MTB lesions in 
naturally infected fifteen nonhuman primates, and 
the authors demonstrated that the infection did not 
always manifest as pulmonary granu- loma.12 In 
all nine infected Old World Monkeys (OWMs), 
granulomas were present in at least one organ, 
with six having typical pulmonary granu- lomas.12 

These granulomas were either caseous (with a 
necrotic core), non-necrotizing (solidly- cellular), 
or suppurative.12 

In New World Monkeys (NWMs), on the other 
hand, pulmonary granulomas were only observed 
in one of six infected animals.12 Four other in- 
fected NWMs had diffuse interstitial pneumonia 
with foamy macrophages expanding alveolar sep- 
tae but without distinct granulomas or necrosis.12 
This macrophage morphology may be due to

ac- cumulation of MTB lipids in vesicles, and 
foam cell formation may be induced by 
oxygenated forms of mycolic acid. Only one 
NWM, an Uta Hick’s bearded saki, had typical 
pulmonary gran- ulomas. 

In this case, conference participants discussed the 
variable appearance of the lesions in the kidney: 
some are mature granulomas, while others are 
poorly organized and likely reflect an earlier 
change. Conference participants also discussed 
the spread of these lesions: while arrival at the 
kidney was likely hematogenous given the multi- 
systemic distribution, spread within the kidney 
may have occurred through blood vessels or 
within affected tubules. Ultimately, participants 
decided the route of spread could not be deter- 
mined in this histologic section. 
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WSC 2022-2023 Self-assessment 
Conference 17 

1. Malformation of the following has been associated with PCV-3 infection in piglets?
a. Tail
b. Feet
c. Ears
d. Nose

2. Canine morbillivirus induces apoptosis in which of the following?
a. B cells
b. CD3+ lymphocytes
c. CD4+ lymphocytes
d. CD8+ lymphocytes

2. Which of the following paramyxoviruses is not contained within the genus Morbillivirus ?
a. Hendra virus
b. Distemper
c. Pestis du petits ruminants
d. Rinderpest

3. Which of the following proteins is the determination of virulence in canine distemper virus ?
a. P protein
b. Hemagglutinin protein
c. Fusion protein
d. Membrane protein

4. Which of the following has been identified as a cause of canine tuberculosis?
a. M. smegmatis
b. M. microti
c. M  paratuberculosis
d. M. chelonae

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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Joint Pathology Center Veterinary Pathology Services 

WEDNESDAY SLIDE 
CONFERENCE 2022-2023 

Conference #18 1 February 2023 

CASE I: 

Signalment: 
Goitered gazelle (Gazella subguttorosa), 
adult, gender unknown. 

History: 
Lung tissue was collected from a carcass 
found in Darvi soum, Khovd province, Mon- 
golia in January 2017. Formalin-fixed tissue 
was embedded in paraffin at the State Central 
Veterinary Laboratory, Mongolia. 

Gross Pathology: 
The carcass was emaciated. 

Laboratory Results: 
The lateral flow device penside test for eye 
swab was positive for Peste-des-petits-rumi- 
nants virus antigen. 

Microscopic Description: 
Mild epithelial desquamation and peribron- 
chial edema are observed in the bronchi. Ep- 
ithelial necrosis and desquamation are 
severer in bronchioles. Infiltration of neutro- 
phils, epithelioid macrophages and syncytial 
cells occurs multifocally in alveolar lumina, 
which is associated with the proliferation of 
type II pneumocytes. Bronchial and bronchi- 
olar epithelial cells sometimes contain intra- 
cytoplasmic and intranuclear inclusion bod- 
ies. Intracytoplasmic and intranuclear inclu- 
sion bodies are also frequently observed in 
epithelioid macrophages and syncytial cells. 

By immunohistochemistry, bronchial and 
bronchiolar epithelial cells, epithelioid mac- 
rophages, syncytial cells, and type II pneu- 
mocytes reacted weakly with anti-canine dis- 
temper virus monoclonal antibody (clone 
DV2-12). 

Contributor’s Morphologic Diagnoses: 
Lung: Acute necrotizing bronchopneumonia 
with intracytoplasmic and intranuclear inclu- 
sion bodies and syncytial cell formation. 

Contributor’s Comment: 
Peste des petits ruminants (PPR) is a viral dis- 
ease of goats and sheep characterized princi- 
pally by stomatitis, diarrhea, oculonasal dis- 
charge, and pneumonia. The causative agent 
is closely related to rinderpest virus and these 
two are classified along with the measles vi- 
rus and CDV in the genus Morbillivirus in the 
Family Paramyxoviridae. PPR was reported 
to the OIE, for the first time in Mongolia, in 
2016 and was confirmed to affect sheep, goat 
and yak in the western part of Mongolia.2 

Figure 1-1. Lung, gazelle. A single section of mildly au- 
tolytic lung is submitted from examination (HE, 6X) 
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Death in these domestic animals declined 
rapidly after extensive vaccination; however, 
the virus continued to spread to wild animals 
such as saiga, Siberian ibex and goitered ga- 
zelle.2 

 
Histopathological findings observed in this 
case are similar to those in goats and sheep 
experimentally infected with PPR virus.1,3 

Syncytial cells observed within alveolar 
spaces were reported to be macrophage 
origin.3 

 
Contributing Institution: 
Laboratory of Comparative Pathology 
Faculty of Veterinary Medicine, Hokkaido 
University 
Kita 18, Nishi 9, Kita-ku 
Sapporo 060-0818, Japan 
https://www.vetmed.hokudai.ac.jp/en/ 

 
JPC Diagnosis: 
Lung: Pneumonia, bronchointerstitial, ne- 
crotizing, diffuse, marked, with edema, nu- 
merous viral syncytia, and intranuclear and 

intracytoplasmic eosinophilic viral inclu- 
sions. 
JPC Comment: 
This case of peste des petits ruminants virus 
infection in a goitered gazelle bears striking 
similarities to the case of canine distemper vi- 
rus infection and pneumonia in Conference 
17, Case 2, of this year, as they are both mor- 
billiviruses and produce similar diseases. 
Peste des petits ruminants (PPR), which 
translates to mean plague of small ruminants, 
is known by several other names, including 
kata, stomatitis-pleuropneumonia complex, 
goat plague, ovine rinderpest.4,8 Goats and 
sheep are the primary hosts, with goats typi- 
cally experiencing more severe disease, and 
while other animals such as cattle, buffalo, 
and pigs can be infected, they are considered 
dead end hosts that do not shed the virus and 
generally do not develop clinical signs.5 

 
PPR was first described in 1942 by Gar- 
gadennec and Lalanne in the Ivory Coast, 
West Africa, though the disease may have 
been present beforehand and misidentified as 
rinderpest virus.5 It is now endemic in Africa, 

 

 
Figure 1-2. Lung, gazelle. Regionally, alveolar septa are markedly expanded, and alveoli are filled with edema fluid and 
numerous foamy alveolar macrophages. (HE, 109X) 
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Figure 1-3. Lung, gazelle. Higher magnification of affected areas of lung. Alveolar spaces also contain scattered multinucleated 
syncytia (arrow). (HE, 381X) 

the Middle East, China, India, and south 
Asia. There are four lineages of the virus, and 
while historically lineages I, II, and III have 
been present in Africa and IV present in Asia, 
lineage IV has now become the dominant 
strain in Africa.5 Increased incidence has 
been associated with the spread of lineage IV, 
possibly indicating that is more virulent.5 

 
PPRV is a non-segmented, single-stranded, 
negative-sense morbillivirus, and like other 
morbilliviruses, is highly lymphotropic and 
epithliotropic.4,5 The virus uses the hemag- 
glutinin protein H to bind to the typical mor- 
billivirus receptors: signaling lymphocyte ac- 
tivation molecule (SLAM)/CD150 on lym- 
phocytes, macrophages, and dendritic cells; 
and Nectin-4 on epithelial cells.4,5 The F pro- 
tein facilitates fusion of the viral envelop and 
host cell membrane, and the virus subse- 
quently replicates in the cytoplasm.5 The M 
protein facilitates viral egress from host cells 
via budding.5 

 
Infection occurs through direct contact with 
aerosolized virus or infected bodily 

secretions. It is presumed that the virus first 
infects leukocytes in the respiratory mucosa 
and then spread to local lymphoid tissue 
where initial replication occurs. After an ini- 
tial immune cell proliferation, viremia results 
in systemic spread of the virus, and 

 

 
Figure 1-4. Lung, gazelle. Alveoli contain multinucle- 
ated viral syncytia with intranuclear and intracyto- 
plasmic inclusions. Intracytoplasmic inclusions are 
also present within the cytoplasm of uninucleate alve- 
olar macrophages. (HE, 400X) (Photo courtesy of: La- 
boratory of Comparative Pathology, Faculty of Veteri- 
nary Medicine, Hokkaido University, Kita 18, Nishi 9, 
Kita-ku, Sapporo 060-0818, Japan, https://www.vet- 
med.hokudai.ac.jp/en/) 
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subsequent leukopenia with reduction of 
CD4+ T cells occurs approximately 4 days 
post infection. PPRV causes clinically signif- 
icant immunosuppression by inducing leuko- 
penia and inhibition of type I and II interferon 
activity due to viral nonstructural proteins.5 

 
PPRV has high morbidity and mortality rates, 
though certain breeds are more resistant and 
virulence varies by viral strain.5 The disease 
has a more rapid onset and clinical progres- 
sion than rinderpest.8 Clinical signs begin 
around 3 days post-infection and initially 
consist of pyrexia, malaise, and serous to mu- 
copurulent oculonasal discharge, and results 
in dyspnea.4 In animals which recover, clini- 
cal signs resolve by 14 days post-infection, 
and these animals generally have life-long 
immunity.4and pseudomembranous ulcera- 
tions in the mouth and nose, followed by 
acute severe gastroenteritis and hemorrhagic 
colitis.5,8 Pneumonia occurs late in the dis- 
ease process 

 
Profound immunosuppression can lead to 
secondary bacterial infection by microbes 

such as Mycoplasma or Pasteurella.4,8 This 
week’s moderator, Dr. Kali Holder from the 
Smithsonian’s National Zoo, described how 
morbilliviruses cause immunosuppression by 
causing leukopenia, by targeting mechanisms 
of innate immunity, and by inducing immune 
amnesia by specifically targeting T and B 
memory cells and dendritic cells. 

 
Histologic features of PPRV infection are 
typical for morbilliviruses. Syncytia form in 
leukocytes of the lymph nodes, white pulp, 
GALT, oral mucosa, pulmonary alveoli, and 
liver.4,8 Eosinophilic cytoplasmic and nuclear 
inclusions occur in the renal pelvis, aboma- 
sum, respiratory epithelium, and type II 
pneumocytes.8 Histologic lesions in the lung 
include inflammation and necrosis of airway 
epithelium, bronchointerstitial pneumonia, 
and type II pneumocyte hyperplasia, as seen 
in this case.1,8 

This week’s moderator also described how 
PPRV has caused massive mortality events in 
hoofstock in Mongolia, including the Sibe- 
rian ibex, the goitered gazelle, and in the crit- 
ically endangered Saiga antelope. Research- 
ers using distance sampling techniques 

 
 

 
Figure 1-6. Lung, gazelle. Hyperplastic airway epithelium 
is strongly immunopositive for PRRV antigen. (anti-PPRV, 
400X) (Photo courtesy of: Laboratory of Comparative Pa- 
thology, Faculty of Veterinary Medicine, Hokkaido Univer- 
sity, Kita 18, Nishi 9, Kita-ku, Sapporo 060-0818, Japan, 
https://www.vetmed.hokudai.ac.jp/en/) 

 
Figure 1-5. Lung, gazelle. Another field more clearly 
demonstrates intracytoplasmic viral inclusions within 
alveolar macrophages. (HE, 400X) (Photo courtesy of: 
Laboratory of Comparative Pathology, Faculty of Vet- 
erinary Medicine, Hokkaido University, Kita 18, Nishi 
9,         Kita-ku,         Sapporo         060-0818,        Japan, 
https://www.vetmed.hokudai.ac.jp/en/) 
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Figure 1-7. Lung, gazelle. Alveolar macrophages are 
strongly immunopositive for PRRV antigen. (anti-PPRV 
400X) (Photo courtesy of: Laboratory of Comparative 
Pathology, Faculty of Veterinary Medicine, Hokkaido 
University, Kita 18, Nishi 9, Kita-ku, Sapporo 060-0818, 
Japan, https://www.vetmed.hokudai.ac.jp/en/) 

estimate that PPRV outbreak caused a popu- 
lation decline of up 80% in the Saiga ante- 
lope.6 
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CASE II: 

 
Signalment: 
One-month-old, male intact Grant’s gazelle 
(Nanger granti granti) 

 
History: 
Acute onset of lethargy, anorexia, and py- 
rexia (106 F˚). After initial supportive care, 
euthanasia was elected. 

 
Gross Pathology: 
An approximately 10 x 10 cm area of the 
right lobe of the liver surrounding the 
gallbladder had a roughened, red to tan gran- 
ular capsular surface. On cut section, the sub- 
tending parenchyma was granular and 
sharply demarcated from the left lobe. The 
lungs were diffusely dark red, wet, and 
heavy. 
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Laboratory Results: 
PCR: A sample of liver was submitted for 
Chlamydia PCR and was positive. Sequenc- 
ing identified Chlamydia pecorum. 

 
Microscopic Description: 
Liver: Within a well-demarcated region of 
the liver are multifocal distinct and occasion- 
ally coalescing foci of neutrophilic inflam- 
mation, karyorrhectic debris, and rare multi- 
nucleated giant cells that obscure the normal 
architecture. Neutrophilic aggregates are sur- 
rounded by a rim of hepatocytes with a loss 
of nuclear detail and faint cytoplasmic bor- 
ders (coagulative necrosis) and acute hemor- 
rhage with fibrin. Kupffer cells adjacent to ar- 
eas of inflammation and necrosis occasion- 
ally have granular amphophilic material in 
the cytoplasm (coccobacilli). Diffusely, in- 
tact hepatocytes have variably sized, well-de- 
fined intracytoplasmic vacuoles, and sin- 
susoids are mildly congested. Multiple portal 
areas have a mild increase in biliary epithelial 
cells (ductular reaction). 

 
Immunohistochemistry (Chlamydia): Clus- 
ters of punctuate, intra-cytoplasmic immuno- 
reactivity is common in areas of necrosis and 
less common within areas of suppurative in- 
flammation. No immunoreactivity is detected 
with Coxiella IHC. 

Contributor’s Morphologic Diagnoses: 
1. Liver: Severe, acute, regionally extensive, 
necrosuppurative hepatitis with intralesional 
coccobacilli, Chlamydia pecorum 

 
Contributor’s Comment: 
Chlamydia pecorum is one of eleven species 
within the Chlamydia genus, the only genus 
in the family Chlamydiaceae.12 It is endemic 
in many populations of cattle and sheep, as 
detection in the intestines of clinically normal 
animals is common.1,7 The bacterium has 
been reported to cause disease in a wide range 
of species, but koalas, various species of do- 
mestic and exotic ruminants, and swine ap- 
pear to be the most commonly affected. In ru- 
minants, particularly lambs and calves, poly- 
serositis including arthritis, encephalomyeli- 
tis, keratoconjunctivitis, mastitis, orchitis, 
placentitis, endometritis, and pneumonia 
have been reported.1,6,8,14 Additionally, one 
study described up to a 48% reduction in 
gained weight in infected calves suggesting 
the economic impact extends beyond individ- 
uals with clinical disease.10 While less abor- 
togenic than C. abortus, necrotizing placenti- 
tis and neutrophilic hepatitis have also been 
described in goats and sheep that aborted due 
to C. pecorum infection.5,15 This case is unu- 
sual in that the liver was the organ affected in 
this one-month-old. Most likely, the liver was 
infected via portal spread from the small in- 
testine. The source of infection in this case is 
also unknown, as this is the first report of dis- 
ease caused by C. pecorum at the institution. 
Spread from nearby domestic animals or di- 
rect exposure from subclinically infected 
conspecifics are both possible. 

 
In koalas, C. pecorum can result in kerato- 
conjunctivitis as well as disease in the uro- 
genital and respiratory tracts resulting in 
blindness, infertility, or a condition known as 
‘wet bottom’ or ‘dirty tail’ due to urine stain- 
ing of the fur secondary to cystitis and urinary 

 
Figure 2-1. Liver, Grant’s gazelle. The liver has a re- 
gionally extensive area near the gallbladder with a 
granular capsular surface. (Photo courtesy of: Dis- 
ease Investigations, San Diego Zoo Wildlife Alliance, 
http://institute.sandiegozoo.org/disease-investiga- 
tions) 
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incontinence.1,8 Conjunctivitis due to C. pe- 
corum infection in koalas in Southern Aus- 
tralia has been associated with koala gamma- 
retrovirus infection (KoRV-B).4 

 
Of the Chlamydia spp. that cause disease in 
animals, C. psittaci is the most well-docu- 
mented zoonotic species and can be cause 
mild conjunctivitis (ornithosis) or more se- 
vere disease due to myocarditis, encephalitis, 
or pneumonia.1,12 The zoonotic potential of 
C. pecorum is less clearly defined.3 

 
A recent review describes the challenges of 
diagnosing chlamydial diseases in animals.1 

While neutrophilic inflammation, necrosis, 
and basophilic ‘chlamydial’ inclusion bodies 
are considered histologically characteristic, 
many infections lack these features or have 
less specific inflammatory pattern. As a re- 
sult, immunohistochemistry, histochemical 
staining, and molecular tests are considered 
the mainstays of diagnosis of chlamydial dis- 
eases in animals. Histochemical stains to 
highlight the intracellular bacteria via cytol- 
ogy or histology include modified Macchia- 
vello, Giemsa, Castaneda, modified Ziehl- 
Neelsen, or modified Gimenez.11 Molecular 
techniques are considered the gold standard 
for diagnosis due to the inability to isolate 
Chlamydia spp. on agar plates as they require 
a host cell for survival. However, care should 
be taken not to over interpret a positive PCR 

test as infection with C. pecorum is consid- 
ered endemic in many ruminants and may be 
an incidental finding in the absence of asso- 
ciated disease.7 Fluorescent antibody tests 
and ELISAs also have been developed but are 
unable to differentiate between various Chla- 
mydia species.11 Immunohistochemistry and 
PCR were both used in this case to confirm 
C. pecorum as the causative agent. 

 
Contributing Institution: 
Disease Investigations 
San Diego Zoo Wildlife Alliance 
PO Box 120551 
San Diego, CA 92112 
http://institute.sandiegozoo.org/disease-in- 
vestigations 

 
JPC Diagnosis: 
Liver: Hepatitis, necrotizing, focally exten- 
sive, marked, with intrahepatocytic and in- 
trahistiocytic bacteria. 

 
JPC Comment: 
Chlamydia species are obligate intracellular 
Gram-neagative bacteira with a unique 
lifecycle which begins as an infectious extra- 
cellular elementary body.1,2 Inside the host 
cell, the bacteria matures within a vacuole 
into a slightly larger reticulate body, and after 
several rounds of replication, the bacteria 
converts back to an elementary body and ly- 
ses the cell.1,2 During times of stress, the bac- 
teria may take on an aberrant body pheno- 
type, a non-replicative persistent state.1 

 

 
Figure 2-3. Liver, gazelle. Higher magnification of areas of 
necrosis, showing predominantly lytic foci. (HE, 792X) 

 
Figure 2-2. Liver, gazelle. At subgross magnification, coa- 
lescing areas of necrosis in both sections are visible. (HE, 
8X) 
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While the contributor describes several forms 
of Chlamydial infection in mammals, the 
bacteria also causes clinical and subclinical 
infection in reptiles, amphibians, and fish. In 
reptiles, clinical disease is characterized by 
granulomatous inflammation in the heart, 
lung, liver, and/or spleen.1,2 A recent article 
in Vet Pathol described an outbreak of Chla- 
mydia in farmed American alligators.2 Over 
the span of ten days, approximately 100 alli- 
gators died acutely. Histologically, these ani- 
mals had severe necrotizing hepatitis and my- 
ocarditis, mild enterocolitis, and splenic lym- 
phoid depletion; most animals also had lym- 
phoplasmacytic interstitial pneumonia and 
nephritis.2 Animals which died later during 
the outbreak also had erosive conjunctivitis, 
keratoconjunctivitis, and mild uveitis; lesions 
in other systems were less severe than in the 
animals that died earlier in the outbreak.2 

Chlamydial antigen was identified using im- 
munohistochemistry and was particularly 
high in the liver, heart, spleen, and intestine.2 

Based on genetic sequencing and phyloge- 
netic analysis, the authors suspect that the 
Chlamydia species is closely related to Chla- 
mydia poikilothermis identified in snakes.2 

 
An important differential to consider for this 
case of well-demarcated, randomly distrib- 
uted foci of hepatic necrosis in a ruminant is 
ruminal acidosis with secondary necrobacil- 
losis (rumenitis-liver abscess complex). 13 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ruminal acidosis is caused initially by carbo- 
hydrate overload and leads to alterations of 
microflora, overgrowth of organisms such as 
Streptococcus bovis, and ruminal atony.13 

High levels of acid within the rumen and in- 
testine cause increased osmotic pressure, 
fluid influx, and systemic hypovolemia. Ulti- 
mately, Fusobacterium necrophorum, an op- 
portunistic pathogen which is part of the nor- 
mal GI flora, invades the ruminal mucosa, 
causing mucosal necrosis and ulceration, and 
travels through the portal system causing 
multifocal random hepatic necrosis.13 While 
the pattern of necrosis in this case is con- 
sistent with necrobacillosis, this case lacks 
colonies of filamentous bacteria along the 
margins of necrosis seen with F. necropho- 
rum. 

 
The moderator and conference participants 
agreed that, while intracellular bacteria were 
visible on the H&E slide, reaching a defini- 
tive diagnosis of Chlamydia pecorum is not 
possible without further testing (such as with 
PCR and IHC, as completed in this case.) 
Other differentials for intracellular bacteria 
discussed by the participants included Bru- 
cella and Clostrium piliforme. 
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Figure 2-4. Liver, gazelle. Rare hepatocytes and Kupffer 
cells contain cytoplasmic bacteria (arrow). (HE, 150X) 

 

 
Figure 2-5. Liver, gazelle. There is strong immunoreactivity 
to antibodies against Chlamydia sp. within areas of necro- 
sis. (anti-Chlamydia sp., 100X) (Photo courtesy of: Disease 
Investigations, San Diego Zoo Wildlife Alliance, http://in- 
stitute.sandiegozoo.org/disease-investigations) 
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CASE III: 

 
Signalment: 
A 5-year-old, female, bald eagle (Haliaeetus 
leucocephalus). 

 
History: 
The bald eagle was found on the side of the 
road and looked like it couldn’t walk 
properly. On arrival at the LSU Wildlife Hos- 
pital, the bald eagle was emaciated, lethargic, 
and anemic (PCV: 23%). The left metacarpal 
joints were swollen and had purulent exu- 
dates. She had severe louse infestation, and 
fecal flotation revealed whipworm eggs and 
strongyle eggs. The eagle was treated with 
fluids, Frontline, vitamin B complex, iron 
dextran, meloxicam, ceftiofur, and piscivore 
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diet. Over ten days the eagle got more alert 
and ate fish and rabbit on her own, but then 
declined and found dead in her kennel, 13 
days after admission. 

 
Gross Pathology: 
The bald eagle was found on the side of the 
road and looked like it couldn’t walk 
properly. On arrival at the LSU Wildlife Hos- 
pital, the bald eagle was emaciated, lethargic, 
and anemic (PCV: 23%). The left metacarpal 
joints were swollen and had purulent exu- 
dates. She had severe louse infestation, and 
fecal flotation revealed whipworm eggs and 
strongyle eggs. The eagle was treated with 
fluids, Frontline, vitamin B complex, iron 
dextran, meloxicam, ceftiofur, and piscivore 
diet. Over ten days the eagle got more alert 
and ate fish and rabbit on her own, but then 
declined and found dead in her kennel, 13 
days after admission. 

 
Laboratory Results: 
Aerobic bacterial culture (liver): E. coli 
(moderate), Enterococcus canintestini (mod- 
erate) 
Salmonella culture (liver): Negative 
Fecal flotation test: No parasites seen 

 
Microscopic Description: 

 

 
Figure 3-2. Lung, bald eagle. Normal architecture of air 
capillaries is effaced by a mixed inflammatory infiltrate 
and lumina contain abundant eosinophilic protein and 
fibrin. (HE, 166X) 

Lung: The parabronchial wall is diffusely in- 
filtrated by large numbers of plasma cells, 
lymphocytes, fewer Mott cells, and hetero- 
phils, narrowing and obliterating the air ca- 
pillaries. Some air capillaries contain eosino- 
philic proteinaceous material mixed with fi- 
brin. Frequently within presumed endothelial 
cells, there are clusters of 1-2 x 3-5 µm, elon- 
gated, basophilic, merozoites with a small 
dark basophilic nucleus. Occasional intera- 
trial septa have small aggregates of macro- 
phages containing brown-black pigment 
(pneumoconiosis). 

 
Pancreas: There is multifocal to coalescing 
necrosis associated with multiple clusters of 
merozoites. Mild fibroplasia and ductular re- 
action are present adjacent to the necrotic ar- 
eas. Low numbers of plasma cells and lym- 
phocytes infiltrate the interstitium. The cap- 
sule is partially covered by fibrin, and the 
capsule abutting the necrotic area is thick- 
ened by fibroplasia and infiltration of macro- 
phages. 

 
Skeletal muscle: Occasional myofibers con- 
tain sarcocysts measuring up to 80 x 150 µm, 
containing large numbers of bradyzoites. 
Sporadic myofibers are degenerate and 

 
Figure 3-1. Multiple tissues, bald eagle. Lung, pan- 
creas and skeletal muscle are submitted for examina- 
tion. Loss of normal pulmonary architecture is present 
at subgross magnification. (HE, 6X) 
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necrotic, characterized by loss of cross-stria- 
tion and fragmentation of the sarcoplasm. 
Occasionally, necrotic myofibers are re- 
placed by infiltration of macrophages and 
lymphocytes. 

 
Contributor’s Morphologic Diagnoses: 
Lung: Severe subacute diffuse lympho- 
plasmacytic interstitial pneumonia with in- 
traendothelial apicomplexan merozoites 
Skeletal muscle: Multiple sarcocysts; mild 
multifocal muscular degeneration and necro- 
sis 
Pancreas: Moderate subacute multifocal to 
coalescing necrotizing pancreatitis with in- 
tralesional apicomplexan merozoites 

 
Contributor’s Comment: 
In this case, merozoites consistent with Sar- 
cocystis sp. and associated necrotizing in- 
flammation was noted in multiple organs in- 
cluding the lung, liver, pancreas, cerebellum, 
and to a lesser extend in the cerebrum, and 
sarcocysts were noted in the skeletal and car- 
diac muscle. The final diagnosis on this case 
was systemic sarcocystosis. Chronic septic 
arthritis of the left carpal joint was also noted. 

 
Sarcocystis spp. are apicomplexan protozoal 
parasites that infect mammals, birds, and rep- 
tiles. More than 200 species are known in this 
genus. Sarcocystis spp. have an obligate 2- 
host life cycle. The sexual stages develop in 
a predator host (definite host), whereas the 
asexual phases develop in the prey animal 
(intermediate host). The intermediate host in- 
gests sporocysts or sporulated oocysts 
through herbage contaminated by the definite 
host’s feces. Sporozoites are released and in- 
vade endothelial cells where they undergo 
schizogony. One or two generations of schi- 
zogony take place. The merozoites derived 
from these generations invade skeletal and 
cardiac myocytes where they develop into 
thin-walled cysts initially containing round 
metrocytes, which repeatedly divide through 

 

 
Figure 3-3. Lung, bald eagle. Endothelial cells contain 
numerous 2-3um apicomplexan merozoites (arrows). 
(HE, 400X) (Photo courtesy of: Department of Patho- 
biological Sciences and Louisiana Animal Disease Di- 
agnostic Laboratory, School of Veterinary Medicine, 
Louisiana  State  University,  Baton  Rouge,  LA,   USA. 
https://www.lsu.edu/vetmed/laddl/) 

a process termed endodyogeny to produce 
numerous banana-shaped bradyzoites. The 
definite host consumes the skeletal muscle 
with the sarcocysts containing bradyzoites. 
The sexual cycle is developed in the intestinal 
epithelium of the predatory host.5,9 

 
In most cases, sarcocystosis is subclinical in 
the definitive or intermediate host. In defini- 
tive hosts, it causes intestinal sarcocystosis 
which is often asymptomatic or self-limiting. 
For intermediate hosts, muscular sarcocysto- 
sis is a common incidental finding on post- 
mortem examination. However, certain Sar- 
cocystis species can cause serious diseases in 
intermediate hosts. Those include Sarcocys- 
tic neurona causing equine protozoal mye- 
loencephalitis in horses and S. calchasi caus- 
ing pigeon protozoal encephalitis in domestic 
pigeons. 

 
Certain Sarcocystis spp. are zoonotic, and 
Sarcocystosis may be underdiagnosed in hu- 
mans. Humans are definite hosts of S. homi- 
nis, S. heydorni, and S. suihominis. Consum- 
ing undercooked beef (S. hominis, S. hey- 
dorni) and pork (S. suihominis) is the route of 
infection, which causes intestinal 
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sarcocystosis. Humans also serve as interme- 
diate hosts for other Sarcocystis spp. by acci- 
dental consumption. One example is S. nes- 
bitti of which a predatory snake is thought to 
be the definite host. In these circumstances, 
muscular sarcocystosis can develop.2,9 

 
At least six species of Sarcocystis infect 
birds.11 Two species are known to cause seri- 
ous clinical diseases in birds. Sarcocystis cal- 
chasi, the causative agent of pigeon protozoal 
encephalitis, has been first described in do- 
mestic pigeons and causes sporadic cases of 
encephalitis in Columbidae. Epizootics asso- 
ciated with S. calchasi-induced encephalitis 
have been reported in wild feral rock pi- 
geons6, in three different psittacine species in 
a zoological exhibit7, and in wild Brandt's 
cormorants 1, all of which occurred in Cali- 
fornia. Experimental studies demonstrated a 
biphasic disease in domestic pigeons: an 
acute schizogonic phase and a late phase with 
neurologic signs. According to a study, in- 
flammatory lesions in the cerebrum were 
identified as early as 20 days post infection 
(d.p.i.) while the onset of neurologic signs 
appeared at 47 d.p.i. As the numbers of sar- 
cocystis organisms or the amount of DNA did 
not increase with the increase of cerebral in- 
flammation, a delayed-type hypersensitivity 
was proposed as the pathogenesis of S. 

 

 
Figure 3-5. Pancreas, bald eagle. Endothelial cells con- 
tain numerous 2-3 µm apicomplexan merozoites (ar- 
rows). (HE, 400X) (Photo courtesy of: Department of 
Pathobiological Sciences and Louisiana Animal Disease 
Diagnostic Laboratory, School of Veterinary Medicine, 
Louisiana State University, Baton Rouge, LA, USA. 
https://www.lsu.edu/vetmed/laddl/) 

calchasi-induced encephalitis.4 The definite 
hosts of S. calchasi are northern goshawks 
(Accipiter gentilis) and European sparrow- 
hawks (A. nisus) in Europe and Cooper’s 
hawks (A. cooperii) and red-tailed hawks 
(Buteo jamaicensis) in North America.8 

 
Sarcocystis falcatula, which also can cause 
fatal sarcocystosis in birds, uses Virginia 
opossums (Didelphis virginiana) as a definite 
host. Natural intermediate hosts are cowbirds 
and grackles. Psittacine birds, especially old 
world psittacine, are known to be susceptible 
to S. falcatula infection. The primary lesion 
is pulmonary congestion, edema, and hemor- 
rhage with intravascular merozoites, but my- 
ositis and encephalitis also occur. Clinical 
disease also has been reported in Victoria 
crowned pigeons characterized by sudden 
death caused by pulmonary sarcocystosis.10 

Birds of prey including free-ranging bald ea- 
gles, golden eagles12, and a great horned 
owl13 also have been reported with fatal pul- 
monary and/or neurologic sarcocystosis 
caused by S. falcatula. S. ryleyi affects water- 
fowls and usually is an incidental finding at 
necropsy. 

 
Figure 3-4. Pancreas, bald eagle. There are multifocal 
areas  of  lytic  necrosis  of  acinar  tissue.  (HE,   166X) 
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According to Wünschmann et al.12, among 
three bald eagles and one golden eagle that 
had fatal Sarcocystis falcatula infection, two 
bald eagles had blood lead concentration con- 
sistent with subclinical lead intoxication, and 
one had lead intoxication. It was not dis- 
cussed in this article whether the lead intoxi- 
cation played a role in the disease suscepti- 
bility, but we were wondering if lead intoxi- 
cation make the birds more susceptible to sar- 
cocystosis. In the present case, the infection 
was disseminated affecting multiple organs, 
compared to previously reported sarcocysto- 
sis cases in raptors. Heavy metal level was 
not measured in this case, but the chronic sep- 
tic arthritis may have caused immunosup- 
pression predisposing the fatal systemic sar- 
cocystosis. 

 
In this case, the diagnosis was made based on 
the morphology and the location (pulmonary 
endothelium) of the apicomplexan parasites, 
and further characterization of the organism 
was not performed. PCR is usually used for 
confirmation of sarcocystosis and identifying 
the species. 

 
Contributing Institution: 
Department of Pathobiological Sciences and 
Louisiana Animal Disease Diagnostic Labor- 
atory, School of Veterinary Medicine, Loui- 
siana State University, Baton Rouge, LA, 
USA 
https://www.lsu.edu/vetmed/laddl/ 
https://www.lsu.edu/vetmed/pbs/index.php 

 
JPC Diagnosis: 
1. Lung: Pneumonia, interstitial, lympho- 
plasmacytic and histiocytic, diffuse, marked 
with intraendothelial apicomplexan merozo- 
ites. 
2. Pancreas: Pancreatitis, necrotizing, multi- 
focal to coalescing, moderate with intraendo- 
thelial apicomplexan merozoites. 
3. Skeletal muscle: Sarcocysts, numerous. 

 

 
Figure 3-6. Skeletal muscle, bald eagle. Numerous my- 
ocytes contain sarcocysts which occupy part of the sar- 
coplasm. (HE, 166X) 

JPC Comment: 
As the contributor describes, Sarcocystis cal- 
chasi is one of the main pathogenic Sarco- 
cystis species in birds and primarily infects 
Columbiformes and Psittaciformes. The first 
documented cases of infection in Galliformes 
were recently reported in a 2022 Journal of 
Veterinary Diagnostic Investigation article.3 

Two captive vulturine guineafowl, ground 
dwelling birds, developed acute and rapidly 
fatal infections after having been moved to a 
new enclosure with other avian species.3 The 
first bird presented unable to stand and expe- 
rienced progressive neurologic signs.3 The 
second bird presented shortly after the first 
with nonspecific signs of lethargy and weight 
loss, and both animals died despite ponazuril 
therapy.3 The animals had nonsuppurative 
meningoencephalitis with perivascular lym- 
phoid cuffing and glial nodule formation, and 
one animal had protozoal schizonts in areas 
of inflammation.3 Both animals were PCR 
positive for Sarcocystis, and sequencing indi- 
cated the species was S. calchasi.3 
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CASE IV: 

 
Signalment: 
12-year-old male striped hyena (Hyaena hy- 
aena) 

 
History: 
A firm, non-painful, approximately 3-cm-di- 
ameter subcutaneous mass was observed ele- 
vating skin over the dorsal cervical region. 
Skin was intact and freely moveable over the 
surface of the mass. The mass was monitored 
for a period of several months with no obvi- 
ous changes. A diagnosis was first made from 
punch biopsies, following which the entire 
mass was excised. 

 
Gross Pathology: 
The specimen submitted was an approxi- 
mately 7 x 7 cm elliptical section of haired 
skin, extending to panniculus musculature at 
its deep margin. The skin surface was cen- 
trally elevated and surrounding tissue com- 
pressed by a well-demarcated, firm, approxi- 
mately 3-cm-diameter, multilobular mass. 
On cut surfaces, the mass was homogene- 
ously white to pale pink, with lobules sepa- 
rated by septa of dense connective tissue. 

 
Laboratory Results: 
Serum biochemistry: 
Within normal limits 
CBC: 
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WBC 13.2x103/µL; 1% band neutrophils, 
73% segmented neutrophils, 21% lympho- 
cytes, 3% monocytes 
HCT: 42.7% 

 
Microscopic Description: 
Haired skin: A densely cellular, multilobular, 
pseudoencapsulated, expansile neoplasm ex- 
pands the subcutis, elevating the overlying 
dermis and compressing adjacent tissues. Ne- 
oplastic lobules sometimes abut or protrude 
into large vascular spaces, especially at the 
periphery, but remain separated from lumina 
by a thin layer of endothelium. The neo- 
plastic cell population consists of round to 
polygonal to sometimes spindloid cells ar- 
ranged in solid sheets, cords, or packets, sup- 
ported by a fine fibrovascular stroma. The 
cells have moderate amounts of pale eosino- 
philic, vacuolated cytoplasm and indistinct 
cytoplasmic borders. Nuclei are centralized 
and round to ovoid, sometimes reniform or 
indented, with vesicular or dispersed chroma- 
tin. Anisocytosis and anisokaryosis are mod- 
erate. Mitotic figures are infrequent, with 4 
mitotic figures seen in ten 400x fields in the 
most mitotically active regions. Scattered in- 
dividual tumor cells are hypereosinophilic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and have condensed nuclear material, and 
there are a few small foci of necrosis and as- 
sociated hemorrhage within the mass. In a 
few areas there are aggregates of fibrin and 
neutrophils adjacent to or partially occluding 
vascular lumina (thrombosis). In some sec- 
tions, there is a broad zone of necrosis and 
regional hemorrhage with moderate numbers 
of hemosiderin- and hematoidin-laden mac- 
rophages (previous biopsy site). 

 
Special stains and immunohistochemistry: 
Fine basement membranes surrounding indi- 
vidual tumor cells or small clusters of cells 
are immunoreactive for laminin and are also 
clearly highlighted with a Periodic acid- 
Schiff (PAS) stain. Neoplastic cells exhibit 
strong, punctate, cytoplasmic immunoreac- 
tivity for vimentin and α-smooth muscle ac- 
tin. Immunohistochemical staining for des- 
min and pancytokeratin is negative. 

 
Contributor’s Morphologic Diagnoses: 
Subcutis: glomus tumor 

 
Contributor’s Comment: 
Glomus bodies are specialized arteriovenous 
shunts that function in thermoregulation by 
modifying capillary perfusion.8 They are 
found most frequently in skin of the distal ex- 
tremities, particularly in digital skin and 

 
Figure 4-2. Haired skin, hyena. The neoplasm is composed 
of polygonal cells arranged in nests and packets. (HE, 
215X) 

 

 
Figure 4-1. Haired skin, hyena. A single section of haired skin 
is submitted for examination. Within the subcutis, there is an 
expansile nodular neoplasm with a compression capsule and 
dilated        blood        vessels        around        it.        (HE,    5X) 
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subungual regions. In glomus bodies, the 
branching pre-glomic arterioles blend into ar- 
teriovenous anastomoses (Sucquet-Hoyer ca- 
nals) with surrounding modified smooth 
muscle cells termed “glomus cells.” They are 
richly invested with small nerves and blood 
vessels, and are circumscribed by dense, la- 
mellar collagen. 

 
Glomus tumors arise from the modified 
smooth muscle cells of the glomus body. 
They are uncommon but well-recognized in 
humans, where they occur most often as sol- 
itary nodules in subungual sites and in the 
dermis or subcutis of the digits and distal ex- 
tremities.8 They occur rarely in other sites, in- 
cluding visceral organs and bone.8 Glomus 
tumors are often reported to be exquisitely 
painful, likely as a consequence of their rich 
peripheral nerve supply.8 

 
Histologically, glomus tumors tend to be 
well-circumscribed and consist of densely 
cellular sheets and cords of epithelioid cells 
surrounding and abutting vascular structures, 
with fine basement membranes surrounding 
individual cells or clusters of cells. Several 
histologic variants are described in humans, 
including solid tumors, angiomatous glomus 
tumors (glomangiomas), myxoid glomus tu- 
mors, and oncocytic glomus tumors.7 Malig- 
nant glomus tumors (glomangiosarcomas) 
are exceedingly rare. Even in glomus tumors 
with focal or regional cytologic features of 
malignancy, invasive behavior and distant 
metastases are uncommon.7-9 

Using immunohistochemistry, the neoplastic 
cells are routinely positive for α-smooth 
muscle actin and vimentin. Desmin immuno- 
reactivity is variable, and pancytokeratin im- 
munoreactivity is uniformly negative. Base- 
ment membranes surrounding individual 
cells or clusters of cells can be demonstrated 
by PAS stains or by positive immunoreactiv- 
ity for laminin and collagen IV. 

 
Glomus tumors are rare in veterinary species, 
but have been reported in dogs, cats, horses, 
bovids, and non-human primates.1-3,5,6,11,12,14,- 

16,18,20 Digital/subungual sites (or homolo- 
gous regions) were affected in two dogs, a 
cat, and a horse.2,3,5,20 Glomus tumors of the 
skin of the head or neck were reported in 
three equine cases, two of which were diag- 
nosed as malignant variants.2 In bovids, the 
two reports of glomus tumors describe neo- 
plasms of the liver and of the urinary blad- 
der.10,16 

 
Proposed criteria suggesting malignancy in- 
clude (1) large size (>2 cm diameter) with 
deep location (deep to muscular fascia); (2) 
presence of atypical mitotic figures; or (3) 
nuclear atypia with relatively high mitotic 
rate (>5/50 high power fields).4 Vascular in- 
volvement is not reported to be associated 
with malignancy. In this case, the mass was 

 
Figure 4-3. Haired skin, hyena. High magnification of ne- 
oplastic cells. (HE, 1025X) 

 

 
Figure 4-4. Haired skin, hyena. Neoplastic cells are 
strongly immunopositive for smooth muscle actin. 
(anti-SMA, 400X) (Photo courtesy of: Disease Investi- 
gations, San Diego Zoo Wildlife Alliance, http://insti- 
tute.sandiegozoo.org/disease-investigations) 
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relatively large (~3 cm in diameter) but su- 
perficial. Atypical mitotic figures were not a 
significant feature. There was mild nuclear 
atypia, but a relatively high mitotic rate in 
some areas. Based on the criteria suggested 
above, this mass would warrant the (admit- 
tedly non-committal) designation of “glomus 
tumor of uncertain malignant potential.” Ra- 
diographs taken at the time of excisional bi- 
opsy did not demonstrate metastatic lesions, 
and no evidence of recurrence or metastasis 
has been noted in the four months following 
excision. 

 
Contributing Institution: 
Disease Investigations 
Institute for Conservation Research 
San Diego Zoo Global 
PO Box 120551 
San Diego, CA 92112 
http://institute.sandiegozoo.org/disease-in- 
vestigations 

 
JPC Diagnosis: 
Haired skin: Glomus tumor. 

 
JPC Comment: 
This case is a classic example of a glomus tu- 
mor in a novel species. Glomus tumors are 
typically well-demarcated neoplasms com- 
posed of densely packed round to spindleloid 

cells which occasionally form nests.10,17 Ne- 
oplastic cells frequently surround entrapped 
vascular channels, which may appear as 
blood-filled clefts, or may surround larger 
cavernous vessels (glomangiomas).10,13 As 
the contributor mentions, the tumor is fre- 
quently associated with vessels and nerves, 
which may be visible along the tumor mar- 
gin.10 Differential diagnoses include Merkel 
cell tumors (arranged in a packet pattern), 
plasma cell tumors (cells are more pleiomor- 
phic with eccentric nuclei), histocytomas 
(more top-heavy in distribution), other round 
cell neoplasms, and leiomyoma (particularly 
of the arrector pili muscle, or piloleiomy- 
oma).10 Other differentials considered by the 
moderator and participants were hidrade- 
noma (as some areas of packeting mimicked 
tubules), melanoma, and a neuroendocrine 
tumor. When histologic findings are equivo- 
cal, special stains and IHCs may be necessary 
for differentiation, as described by the con- 
tributor. 

 
A potential source for confusion in this un- 
common veterinary neoplasm are the human 
entities glomus jugulotympanicum paragan- 
glioma and glomus tympanicum paragangli- 
oma.13,19 While they contain the word glomus 
in the name, they are not associated with the 
glomus bodies in the dermis and subcutis. 
Rather, they are paragangliomas arising from 
neural-crest derived chemoreceptor cells of 
the paraganglia located along certain cranial 
nerves and within the jugular foramen.13,19 As 
paragangliomas, neoplastic cells are positive 
for synapthophysin and chromogranin A on 
immunohistochemistry.19 
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Figure 4-5. Haired skin, hyena. Neoplastic cells demon- 
strate strong membranous staining for laminin. (anti-lam- 
inin, 400X) (Photo courtesy of: Disease Investigations, San 
Diego Zoo Wildlife Alliance, http://institute.sandie- 
gozoo.org/disease-investigations) 
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WSC 2022-2023 Self-assessment 
Conference 18 

 

1. The pestis du petits ruminants virus is most closely related to the virus that causes 
which of the following?  

a. Ovine progressive pneumonia 
b. Border disease 
c. Bovine viral diarrhea 
d. Measles 

 

        2.  PPRV utilizes which of the following receptors on epithelial cells? 
         a.  SLAM 
         b.  CD150 
         c.  Nectin-4 
         d.  Kinesin 

 
3.  True or false? Chlamydia pecorum is considered endemic in ruminants, complicating diagnosis 

of infection. 
a. True 
b. False 

 
4. Which of the following causes encephalitis in pigeons? 

a. Sarcocystic falcatula 
b. Sarcocystis neurona 
c. Sarcocystis nesbitti 
d. Sarcocystis calchasi 

 
5. Glomus tumors are strongly immunopositive for which of the following? 

      a.  Desmin 
      b.  Smooth muscle actin 
      c.  Cytokeratin 
      d.  Myosin heavy chains 

      

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
10-year-old intact male French Bulldog (Ca- 
nis familiaris) 

 
History: 
A 10-year-old intact male French Bulldog 
presented for evaluation of a left cranial cer- 
vical mass. One month prior to presentation, 
the dog was seen by his family veterinarian 
for weight loss and increased respiratory ef- 
forts. A complete blood count and serum bi- 
ochemical profile were unremarkable. Tho- 
racic radiographs revealed a marked diffuse 
bronchointerstitial pattern that was inter- 
preted to be pneumonia and a course of anti- 
biotics (doxycycline) was started. The clini- 
cal signs worsened, and three weeks later the 
dog presented to an internal medicine service 
with coughing, gagging, shallow breathing, 
and reduced appetite. A nonmobile firm mass 
in the left craniolateral cervical region near 
the mandibular angle was palpated; a com- 
puted tomography (CT) scan revealed a het- 
erogeneous, contrast enhancing mass that 
compressed the larynx medially. Cytology of 
a fine needle aspiration of the mass was diag- 
nostic for neoplasia, and highly suggestive of 
an epithelial tumor. 

 
On presentation, the dog was bright and alert 
and mildly overweight (body condition score, 
3.5/5). On physical examination, the dog had 
laborious breathing with increased ab- 
dominal effort and increased upper respira- 

tory sounds. The rest of the physical exami- 
nation and the cardiac auscultation were un- 
remarkable. The dog underwent a head/ 
thorax CT the next day. The CT revealed a 
diffuse nodular pattern in the lungs, con- 
sistent with pulmonary metastases. The cer- 
vical mass was interpreted as an enlarged left 
medial retropharyngeal lymph node, and 
multiple tracheobronchial, sternal, mediasti- 
nal and cervical lymph nodes were rounded. 
The changes were diagnosed as carcinoma 
metastases, origin of primary mass uncertain, 
and the owners elected for human euthanasia. 

 
Gross Pathology: 
On gross post-mortem examination, inti- 
mately adherent to the outer wall of the left 
common carotid artery at the bifurcation into 
the external and internal carotid arteries, was 
a 3 cm in diameter firm, tan/white nodular 
mass that was soft to firm and mottled 
red/white on cut section. Another mass of 

 

Figure 1-1. Lung, mediastinum, dog. Two sections of 
mediastinum (top) and one section of lung (bottom left) 
are submitted for examination. (HE, 5X) 
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Figure 1-2. Lung, dog. An infiltrative neoplasm is pre- 
sent within the lung and extends into adjacent alveoli. 
(HE, 66X) 

similar size and appearance was identified in- 
timately adherent to the outer wall of the 
aorta at the heart base. Throughout the paren- 
chyma of the lungs were generalized firm, 
white to grey nodules, some of which were 
raised by up to 5 mm, that varied in size from 
0.3 to 2.5 cm in diameter, affecting all lung 
lobes equally and representing approximately 
75% of the lungs. Multiple bronchial, cervi- 
cal, and pancreatic lymph nodes were up to 2 
times enlarged and homogeneously pale tan 
on cut surface. Other gross abnormalities in- 
cluded a 2 mm in diameter, firm, tan focus 
within the parenchyma of the right testis. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Within the connective tissue surrounding the 
tunica adventitia of the external and internal 
carotid arteries, is a partially encapsulated, 
focally infiltrative multilobular neoplastic 
mass. The mass was predominantly (50%) 
composed of lobules of polygonal cells sepa- 
rated by dense bands of connective tissue and 
arranged in nests and packets separated by a 
fine highly vascular stroma. Neoplastic cells 
had variably distinct borders, a moderate 
amount of frequently wispy granular cyto- 
plasm, and a round to oval nucleus with 
coarsely granular chromatin. There was occa- 
sionally karyomegaly (up to 8 times) and rare 
mitotic figures. 

Additionally, multifocally throughout the 
mass, clusters of neoplastic cells sometimes 
in a tubular pattern, and represented approxi- 
mately 30% of the section. These regions 
have a different cell morphology; cuboidal 
neoplastic cells with distinct cell borders, 
moderate amounts of cytoplasm and con- 
densed chromatin were arranged in cords and 
tubules, sometimes with intraluminal wispy 
basophilic material. In these areas, there were 
11 mitotic figures per 10 high power fields 
(HPF). The remainder of the mass (20%) was 
composed of coalescing areas of necrosis, 
characterized by loss of tissue architecture 
and replacement by eosinophilic cellular de- 
bris. The aortic mass had a similar mixed 
morphological appearance, but with larger 
areas (70%) of necrosis. 

 
Within the pulmonary parenchyma, com- 
pressing and replacing lung tissue, were mul- 
tiple poorly circumscribed, infiltrative nod- 
ules of neoplastic epithelial cells that are ar- 
ranged in cords and tubules that sometimes 
contained necrotic debris, supported and 
moderate stroma. The cells were cuboidal to 
columnar, sometimes ciliated, with distinct 
cell borders, abundant eosinophilic cyto- 
plasm, and a round to oval nucleus with con- 
densed chromatin. There was 2-fold anisocy- 
tosis and anisokaryosis and 14 mitotic figures 
per 10 HPF. Neoplastic cells similar to the 
ones described in the lung were also found 
effacing bronchial and pancreatic lymph 

 

Figure 1-3. Lung, dog. Neoplastic cells are cuboidal to 
columnar and forms tubules and papillary projections 
in adjacent alveolar spaces. (HE, 346X) 
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nodes, and within lumen of blood and/or lym- 
phatic vessels surrounding lungs, aorta, pan- 
creas, and adrenal glands. 

 
Other histological abnormalities included an 
interstitial cell tumor in the right testis. The 
cervical lymph nodes were hyperplastic and 
draining hemorrhage, but no neoplastic cells 
were present. 

 
Representative sections from the carotid 
body tumor, the aortic body tumor, a pulmo- 
nary adenocarcinoma nodule, and a bronchial 
lymph node with metastasis were stained for 
chromogranin A (rabbit polyclonal, dilution 
1:400, Dako, Glostrup, Denmark; labels ap- 
proximately 65% of canine chemodecto- 
mas4,9,21), synaptophysin (rabbit monoclo- 
nal, ready to use, Ventana Medical Systems, 
Tucson, USA; labels 65% of canine che- 
modectomas4), pan-cytokeratin (mouse 
monoclonal, clone AE1/AE3, dilution 1:100, 
Dako, Glostrup, Denmark; labels 100% of 
canine primary pulmonary epithelial tumors 
[9]), and thyroid transcription factor-1 (TTF- 
1) (mouse monoclonal, clone 8G7G3/1, dilu- 
tion 1:50, Dako, Glostrup, Denmark; labels 
85% of canine primary pulmonary tu- 
mours2). External positive controls for IHC 
were pancreas, thyroid gland, and parathy- 
roid gland for chromogranin A; pancreas, 
brain, adrenal gland and thyroid gland for 
synaptophysin; lung, liver, kidney, and small 
intestine for pan-cytokeratin; and thyroid 
gland for TTF-1. Slides incubated with  non- 

 

Figure 1-4. Lung, dog. There is lymphovascular invasion 
of pulmonary vessels and lymphatics by neoplastic 
cells. Some lymphatic emboli are necrotic. (HE, 200X) 

 

 
Figure 1-5. Mediastinum, dog. A second, partially ne- 
crotic neoplasm effaces mediastinal tissue. (HE, 14X) 

immune rabbit serum or with antibody dilu- 
ent were used as negative controls. 

 
The nests of polygonal neoplastic cells 
showed intense diffuse cytoplasmic immuno- 
reactivity for chromogranin A and synapto- 
physin in the carotid body and aortic body tu- 
mors, while tubule-forming cuboidal neo- 
plastic cells in the chemodectomas, and pul- 
monary and lymph node neoplastic cells were 
negative. The neoplastic epithelial cells 
within the lung and bronchial lymph node, 
and the tubule-forming cuboidal neoplastic 
cells in the carotid body and aortic body tu- 
mors showed weak to moderate diffuse cyto- 
plasmic and weak to intense membranous im- 
munoreactivity for pan-cytokeratin, while the 
nests of polygonal cells in the chemodecto- 
mas were negative. Immunoreactivity for 
TTF-1 was negative in all neoplastic cells ex- 
amined; intense nuclear staining was ob- 
served in occasional type II pneumocytes (in- 
ternal positive control). 

 
Contributor’s Morphologic Diagnoses: 
Carotid body tumor 
Aortic body tumor 
Pulmonary adenocarcinoma with metastases 
to lung, carotid and aortic body tumors, and 
bronchial and pancreatic lymph nodes 

 
Contributor’s Comment: 
Based on the locations of the cervical and 
aortic masses, a preliminary diagnosis of ca- 
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rotid body and aortic body tumors with me- 
tastases to the lungs was made; representative 
sections of the masses and internal organs 
were fixed in 10% neutral buffered formalin 
and processed for histopathological examina- 
tion. It is also worth noting that the dog is a 
brachycephalic breed (French bulldog), and 
chemodectomas have been shown to occur at 
a higher frequency in brachycephalic breeds 
such as Boxers, Bulldogs, and Boston Terri- 
ers, predominantly in middle-aged to older 
males.10,11,16,22 Aortic body tumors are diag- 
nosed 4 to 12 times more often than carotid 
body tumors in dogs, and multiple chemodec- 
tomas are not uncommon, with 14-22% of 
dogs with carotid body tumors having a con- 
comitant aortic body tumour.10,11,12, 16,22 

 
The pulmonary masses were diagnosed as a 
primary pulmonary adenocarcinoma with 
metastases to bronchial and pancreatic lymph 
nodes. Given the two histologically distinct 
areas within the carotid body and aortic body 
tumors, immunohistochemistry (IHC) was 
done to further characterize the neoplasm. 
Representative sections from the carotid 
body tumor, the aortic body tumor, a pulmo- 
nary adenocarcinoma nodule, and a bronchial 
lymph node with metastasis were stained for 
chromogranin A, synaptophysin, pan- cy- 
tokeratin, and thyroid transcription factor-1 
(TTF-1). (See microscopic description for 
IHC results). The IHC findings, together with 
the gross observations, were interpreted as a 
primary pulmonary acinar adenocarcinoma 
with metastases to carotid and aortic body tu- 
mors, and bronchial and pancreatic lymph 
nodes. It should be noted, however, that a pri- 
mary carcinoma of unknown origin with me- 
tastases to lung and other tissues could not be 
ruled out. 

 
Tumor-to-tumor metastasis is a rare phenom- 
enon, with only about 100 human cases re- 
ported in the English literature.14 To the best 
of our knowledge, this has only been reported 

 

 
Figure 1-6. Mediastinum, dog. Neoplastic cells are po- 
lygonal, arranged in nests and packets, with finely 
granular to clear cytoplasm, and there is moderate an- 
isokaryosis (bottom right). (HE, 574X) 

once in a domestic species; a dog with a 
mammary gland tumor that metastasized to a 
right auricular haemangiosarcoma.13 Tumor- 
to-tumor metastasis should not be confused 
with a “collision tumor”. The term “collision 
tumor” refers to two histologically distinct, 
proximally coexistent, but independent tu- 
mors. Criteria have been suggested to define 
a tumor-to-tumor metastasis, which include 
the presence of more than one primary tumor, 
and that the metastatic (or donor) neoplasm is 
a true metastasis rather than contiguous 
growth of two tumors (i.e., collision tumor) 
or embolization of tumor cells without estab- 
lished growth.7 

 
In humans, the most frequent donors are lung 
and breast carcinomas, while the most fre- 
quent recipients are renal cell carcinomas, 
sarcomas, and meningiomas.17 In general, re- 
cipient tumors are slow growing, well vascu- 
larized, and can vary from benign to highly 
malignant. Pulmonary carcinomas have been 
reported to metastasize to several different 
types of tumours,6 with most reported cases 
metastasizing to renal cell carcinomas19 and 
intracranial meningiomas.3 There are two re- 
ports of tumor metastasis to chemodectomas; 
one intracranial chemodectoma with metasta- 
sis from an esophageal carcinoma15, and a ca- 
rotid body tumor with metastasis from a 
poorly-differentiated pulmonary carcinoma.6 
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Concurrent primary neoplasms are not infre- 
quent in dogs with chemodectomas. An in- 
vestigation into 357 cases of dogs with che- 
modectomas found that 38% had at least one 
other microscopically confirmed primary tu- 
mour.10 The most frequent second primary 
tumors were thyroid carcinomas and intersti- 
tial cell tumors. Pulmonary carcinoma, seen 
in 6 dogs, was the 11th most frequent second 
primary tumor. There are several possible 
reasons for the co-occurrence of chemodec- 
tomas and second primary tumors. Che- 
modectomas metastasize infrequently (12- 
22% of cases), are usually slow growing, 
non-functional and generally found in older 
dogs where they can act as space-occupying 
lesions.10,16 Therefore, dogs diagnosed with 
chemodectomas simply have an extended 
time in which to develop a second primary 
tumor. There could also be a genetic compo- 
nent, with dogs genetically predisposed to 
chemodectomas also being at higher risk for 
other tumors. Indeed, bulldog-related breeds 
had a higher number of second primary tu- 
mors (47%) compared to all other breeds 
(32%).10 

 
Contributing Institution: 
University of Guelph 
Guelph, Ontario Canada 
www.uoguelph.ca 

 

Figure   1-7.   Mediastinum,   dog.   Neoplastic   cells 
are strongly positive for chromogranin A. (anti 
Chroma-granin-A, 400X) 

 

 
Figure 1-8. Mediastinum, dog. Metastatic cells from 
the pulmonary carcinoma are present in lymphatics at 
the periphery of the chemodectoma. (HE, 79X) 

JPC Diagnosis: 
1. Lung: Pulmonary adenocarcinoma. 
2. Fibrovascular tissue (presumed mediasti- 
num) (2): Neuroendocrine carcinoma and 
metastatic pulmonary adenocarcinoma. 

 
JPC Comment: 
This week’s moderator, Colonel (Retired) Jo 
Lynne Raymond, and conference participants 
discussed whether the adenocarcinoma could 
be definitively diagnosed as pulmonary ade- 
nocarcinoma based on H&E. Conference par- 
ticipants felt the variable patterns of growth, 
including tubular, acinar, and lepidic pat- 
terns, and few visible cilia along the apical 
aspect of neoplastic cells are strongly sugges- 
tive of pulmonary origin. 

 
Pulmonary adenocarcinomas are the most 
common lung tumor in dogs. Patterns of tu- 
mor growth include minimally invasive, 
lepidic, papillary, acinar, solid, and micro- 
papillary, and the predominant histologic pat- 
tern can be predictive of biologic behavior.8 

The first three are the most commonly re- 
ported in dogs and have the longest survival 
times.8 In the lepidic pattern, neoplastic cells 
form single-cell layer linings which trace al- 
veolar walls, akin to a row of butterflies rest- 
ing on a branch.18 Papillary growths are more 
cellular than the lepidic pattern, and form ex- 
ophytic projections into alveolar lumens.20 In 
the acinar form, neoplastic cells line tubules 
and chords.20 Pulmonary carcinomas may 
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also form squamous or adenosquamous pat- 
terns, with the latter being composed of at 
least 10% glandular and 10% squamous pop- 
ulations.18 

 
In cats, tumor size is correlated with rate of 
metastasis8, a finding which was confirmed 
in a recent retrospective study by Santos et al 
which described gross and histologic features 
of pulmonary carcinomas in 39 cats.18 Tu- 
mors larger than 1.9 cm in diameter were 
more likely to metastasize. While metastasis 
to the digit has traditionally been the most 
well recognized in cats8, this study found me- 
tastasis to the skeletal muscle, kidneys, and 
parietal pleura more common than digital 
metastasis, reinforcing the use of the 
MODAL acronym (muscle, ocular, digit, 
aorta, lung).18 Additionally, the authors 
found that pulmonary carcinomas were the 
cause of death in only 66% of cases; cats fre- 
quently had comorbidities related to old age 
(lymphoma, chronic renal disease) which 
contributed to mortality.18 

 
The study also evaluated P-40 and napsin-A 
expression in feline pulmonary carcinomas. 
Nuclear P-40 expression was found in all of 
the adenosquamous variants (with immuno- 
reactivity in 100% of squamous cells and ap- 
proximately 30% of the glandular compo- 
nents), which is expected for this basal cell 
marker expressed in cutaneous squamous cell 
carcinomas.18 Napsin-A, on the other hand, 
was non-contributory in all feline tissues.18 

Napsin A is used in evaluation of human pul- 
monary tumors and has some utility in canine 
pulmonary carcinomas: another recent study 
showed Napsin A expression in 62 of 67 ca- 
nine pulmonary adenocarcinomas.1 The spec- 
ificity is relatively low, however, as it is ex- 
pressed in 60% of thyroid neoplasms and re- 
nal cell carcinomas, which are important dif- 
ferentials to consider for any carcinoma in the 
lung.1 
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CASE II: 

 
Signalment: 
9-year-old, castrated male, Netherland dwarf 
rabbit (Oryctolagus cuniculus domesticus) 

 
History: 
This rabbit presented to the rDVM with 
chronic uveitis which was poorly responsive 
to treatment with oral and topical non-steroi- 
dal anti-inflammatory drugs and antibiotics. 
The rabbit otherwise appeared to be in good 
health. The owners opted for enucleation and 
submission for of the eye for histopathology. 

 
Gross Pathology: 
The submitted eye was grossly unremarka- 
ble. 
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Figure 2-1. Globe, dwarf rabbit. A globe is presented 
for examination. The cornea is at top. There are areas 
of pallor within the lens, and eosinophilic protein within 
the posterior segment. (HE, 6X) 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
The iris contains moderate diffuse infiltrates 
of plasma cells accompanied by small num- 
bers of lymphocytes and few scattered heter- 
ophils. Occasional strands of fine fibrous 
stroma associated with moderate aggregates 
of epithelioid macrophages, fewer multinu- 
cleated giant cells, occasional heterophils, 
proteinaceous debris and a few erythrocytes 
are noted in the anterior and posterior cham- 
bers. Thin strands of fibrous tissue rarely ex- 
tend from the posterior iris near the pupillary 
margin. There are large areas where subcap- 
sular lens fibers appear fragmented, rounded 
and are replaced by amorphous pink debris. 
Small amounts of basophilic, fine mineral, as 
well as numerous, 1-2 micron long, ovoid, 
gram positive, spores, are present beneath the 
lens capsule and within lens epithelial cells. 
Lens epithelial cells are often vacuolated and 
rarely form small piled up aggregates. In 
some areas, subcapsular lens fibers are lost 
and replaced by sparse cell debris. 

 
Contributor’s Morphologic Diagnoses: 
Eye: Moderate, chronic, plasmacytic and 
granulomatous, anterior uveitis with cataracts 

and numerous intralenticular, gram positive, 
microsporidial spores (consistent with En- 
cephalitozoon cuniculi) 

 
Contributor’s Comment: 
The clinical history and microscopic appear- 
ance of the ocular lesions in this rabbit are 
most compatible with cataract formation and 
phacoclastic uveitis due to the ocular form of 
Encephalitozoon cuniculi infection. 

 
Encephalitozoon cuniculi is a microsporidial 
pathogen with worldwide distribution. Alt- 
hough previously phylogenetically classified 
as a protozoa, it is currently considered a fun- 
gus.5,6 There are three major genotypes of E. 
cuniculi. Genotype 1 (or the rabbit strain) is 
generally associated with disease in pet and 
commercially raised rabbits. This organism 
has a direct life cycle. Horizontal transmis- 
sion is most commonly through the ingestion 
of spores in urine-contaminated feed, or less 
commonly via inhalation. Vertical (or trans- 
placental) transmission may also occur and is 
often hypothesized to be the cause of intra- 
ocular infections which facilitates access to, 
and colonization of lens fibers during fetal 
development.6 Typically, in the intestine, the 
spores primarily infect host cells through ex- 
trusion of their polar filament and injection of 
sporoplasm into a host cell. Phagocytosis 

 
 

Figure 2-2. Globe, dwarf rabbit. There is degeneration 
of the posterior lens fibers with formation of 
Morgagnian globules. (HE, 66X) 
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Figure 2-3. Globe, dwarf rabbit. In areas of degenera- 
tion, fibers are often swollen by cytoplasmic microspor- 
idial spores. (HE, 857X) 

by host cells has also been demonstrated.6 In- 
itial target organs for infection via horizontal 
transmission are those with high blood flow 
such as the lungs, liver and kidney but many 
sites may be involved. Infection of the cen- 
tral nervous system (CNS) generally occurs 
later in the course of disease. At tissue sites, 
sporogony continues and eventually leads to 
rupture of host cells and the release of spores 
which induces a localized lympho- 
plasmacytic to granulomatous inflammatory 
response. Most immunocompetent animals 
have subclinical infections with foci of gran- 
ulomatous inflammation most commonly 
present in the brain, kidneys, and eye.5,6 

Spores are shed intermittently in the urine of 
infected rabbits. Clinical disease in rabbits is 
most often seen in older rabbits as immuno- 
competency wanes with age or following 
stressors that may have a negative impact on 
the host immune response (ie. changes in en- 
vironment, other illnesses, medications, etc). 
In rabbits, the most common manifestations 
of E. cuniculi infection are clinical signs of 
central nervous system disease, uveitis, and 
chronic renal disease. 

 
Rabbits with encephalitozoonosis most com- 
monly present with a variety of neurologic 
clinical signs resulting from foci of lympho- 
plasmacytic to granulomatous meningoen- 
cephalitis. Many affected rabbits develop 
central vestibular disease which presents as 
head tilt, ataxia, nystagmus, and/or circling 
movements. More severe clinical signs may 
include rotation along the body length axis 

(i.e., rolling) or lateral recumbency which are 
generally associated with a poorer progno- 
sis.5 The main clinical differential diagnosis 
in these rabbits is peripheral vestibular dis- 
ease due to otitis interna. Other neurologic 
signs that may be associated with encepha- 
litozoonosis include seizures, paresis, altered 
mentation and behavioural changes. 

 
Ocular lesions are most frequently reported 
in young rabbits with no other apparent clin- 
ical signs and lesions are most often unilat- 
eral. However, bilateral lesions have been 
documented in rabbits.5 In some cases (likely 
largely older individuals), other clinical signs 
(especially neurologic signs) may also be 
noted.8 In the eye, spores infect the lens epi- 
thelial cells and when these cells rupture it re- 
sults in lens fiber degeneration, cataract for- 
mation and eventually phacoclastic uveitis. 

 
Rabbits with significant renal disease result- 
ing from chronic encephalitozoonosis often 
have slightly pale, pitted kidneys that micro- 
scopically exhibit lymphoplasmacytic to 
granulomatous, tubulointerstitial nephritis 
with fibrosis. These rabbits generally present 
with non-specific clinical signs of polyuria, 
polydipsia, weight loss, dehydration, and an- 
orexia. 

 
 

Figure 2-4. Globe, dwarf rabbit. A Gram stain demon- 
strates microsporidial spores within lens fibers. 
(Brown-Brenn, 400X) 
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In tissue sections, within foci of inflamma- 
tion, microsporidial organisms are gram-pos- 
itive which is a useful means of highlighting 
spores. Immunohistochemistry (IHC) and 
PCR testing of tissues, especially the eye 
contents, has been used to try to confirm a di- 
agnosis of encephalitozoonosis. Unfortu- 
nately, PCR and IHC testing for diagnostic 
specimens is not easily accessible. Ante- 
mortem diagnosis of E. cuniculi remains a 
challenge. Encephalitozoon cuniculi is con- 
sidered zoonotic, especially in immunocom- 
promised people who are at an increased risk 
of acquiring infection. 

 
Contributing Institution: 
Atlantic Veterinary College, University of 
Prince Edward Island 

 
JPC Diagnosis: 
Eye, globe: Uveitis, phacoclastic, granulom- 
atous, diffuse, moderate, with cataractous 
change and intralenticular microsporidial 
spores. 

 
JPC Comment: 
This is a classic case of phacoclastic uveitis 
caused by E. cuniculi. These microsporidian 
parasites have a characteristic coiled polar 
filament visible on electron microscopy as 
parallel strips winding around the nucleus, or 
if viewed in cross section, as regularly spaced 
circles along the periphery of the organism.3 

As the contributor mentioned, there are sev- 
eral genotypes of E. cuniculi, with genotypes 
II, III, and IV representing murine, canine, 
and human strains, respectively, though the 
genotypes are not exclusive to a single host 
species.3 E. cuniculi can infect a variety of 
species, including guinea pigs, mice, rats, 
hamsters, primates, foxes, birds, dogs, and 
humans.1,3 Ocular E. cuniculi infections have 
been sporadically documented in other spe- 
cies; for instance, cataracts have been re- 
ported in a snow leopard, dogs, mink, and 
blue foxes. 

Two reports have described E. cuniculi cata- 
racts in domestic cats in Austria and Califor- 
nia. In a 2011 report by Benz et al, positive 
E. cuniculi titers were found in 11 cats (total 
of 19 eyes) with uveitis and cataracts in Aus- 
tria.2 In 18 of the eyes, E. cuniculi was iden- 
tified on PCR of lens material.2 In 11 of the 
eyes, histopathology with acid-fast trichrome 
of the anterior lens capsule revealed E. cunic- 
uli spores in the lens epithelial cells.2 The au- 
thors concluded that a positive E. cuniculi ti- 
ter in conjunction with cataracts is strongly 
indicative of active infection in cats.2 Simi- 
larly, E. cuniculi infection was diagnosed in 
three cats with immature cataracts and uveitis 
in California based on lens histopathology 
(hematoxylin and eosin or Ziehl-Neelsen) or 
PCR, and serologic testing was positive in the 
two tested cats.7  These reports illustrate that 
E. cuniculi can induce similar ocular lesions 
in cats as in rabbits. 

 
Control of the infection appears to be linked 
to the Th1 immune response and IFN-gamma 
production.3 Studies have shown an initial 
CD4+ T-cell proliferation in the spleen fol- 
lowed by CD8+ T-cell proliferation, and high 
levels of IFN-gamma can be detected in the 
spleen, mesenteric lymph nodes, and Peyer’s 
patches.3 Humoral immunity does not appear 
to offer sufficient protection against infection 

 

 
Figure 2-5. Globe, dwarf rabbit. There is extruded lens 
protein in the posterior chamber with aggregates of de- 
generate macrophages. (HE, 381X) 
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Figure 2-6. Globe, dwarf rabbit. The ciliary body is lined 
by a fibrovascular membrane lined by epithelioid mac- 
rophages and multinucleated giant cells. (HE, 246X) 

but may aid in diagnosis as serologic testing 
is one of the few antemortem tests available.3 

Antibody titers initially rise by 4 weeks post 
infection and are high by 9 weeks.1 Infected 
animals have an initial spike in IgM followed 
in a few weeks by an IgG spike.3 Since a sin- 
gle positive titer cannot differentiate active 
infection from previous exposure, serial sam- 
pling to evaluate the titer differences is cru- 
cial. Perhaps the most helpful test is a nega- 
tive titer: while a single negative test may 
happen in acute infections, paired negative ti- 
ters spaced three weeks apart can rule out E. 
cuniculi infection.3 

 
Spontaneous and congenital cataracts also 
occur in domestic rabbits and should be con- 
sidered as a differential diagnosis for E. cu- 
niculi-induced cataracts.1 The incidence of 
cataracts in New Zealand white rabbits is 
suggestive of an inherited autosomal reces- 
sive defect in this breed.1 As the contributor 
mentions, intra-ocular infection by E. cunic- 
uli in rabbits is speculated to be due to in 
utero infection of the developing lens; how- 
ever, a recent study in specific-pathogen free 
rabbits demonstrated lens after experimental 
oral infection with E. cuniculi, indicating 
other routes of infection may be possible.4 
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CASE III: 

 
Signalment: 
13 Years, male, indoor only cat (Felis catus) 

 
History: 
The cat presented at the vet because the 
owner had realized that the right eye seemed 
“bigger”, accompanied by a widened pupil. 
The clinical examination revealed normal 
pulse, mucosal surfaces, abdomen and lymph 
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nodes as well as nondescript auscultation of 
heart and lung. 

 
The intraocular pressure in the right eye was 
59 mm Hg initially, and the intraocular pres- 
sure was 25 mmHg in the left eye. After one 
week of treatment with Azopt three times per 
day, the intraocular pressure of the right eye 
was reduced to 21 mmHg at the second con- 
sultation. 

 
Values of the clinical examination at the sec- 
ond consultation: 
Blood pressure: 160/120 (5 measurements) 
Glucose: 6.4 mmol/l 
T4: within the normal range 
Renal values: within the normal ranges 

 
Clinical examination of the right eye: eye is 
open; reflexes are negative apart from a min- 
imal pupil reflex; eye lids and their position 
are in within normal range; the conjunctiva is 
pink; the cornea is clear; the anterior eye 
chamber is clear; iris is in mydriasis; the lens 
demonstrates mild nucleosclerosis; the cor- 
pus vitreous with partly ablated retina in na- 
sal area with a pigmented mass in the tem- 
poral area extending into the corpus vitreous. 

 
Ultrasound of the right eye: temporal mass in 
the area of the ciliary body /periphery of  the 

 

Figure 3-1. Globe, cat. A large, pigmented neoplasm 
arises from the subretinal choroid. The retina is de- 
tached and only a fragment of lens capsule is present in 
this section. (HE, 6X) 

fundus lead to a suspicion of intraocular mel- 
anoma or mass of the ciliary body. 

 
Two weeks after the first presentation, trans- 
palpebral enucleation of the right eye with a 
continuous closure with Vicryl 5/0 suture 
material was performed. The suture material 
of the cutaneous suture was removed 10 days 
after surgery. 

 
Gross Pathology: 
Oculus dexter: Conjunctiva bulbi, cornea, an- 
terior eye chamber, iridicorneal angle, iris, 
lens, ciliary body, the retinal pigment epithe- 
lium, the papilla nervi optici, n. opticus and 
the sclera did not show any macroscopical 
changes. 

 
The vitreous was only partially present be- 
tween a pigmented chorioidal mass and the 
completely ablated, cup shaped retina, that 
was only attached at the papilla nervi optici 
and focally attached to the posterior side of 
the lens. 

 
Within the chorioidea, partly covered by the 
ablated retina, there was a nodular round to 
oval shaped endophytic protruding soft mass 
(about 10 mm in diameter) located between 
the pars ciliaris of the ciliary body and the pa- 
pilla nervi optici with a homogenously black 
colored cut surface. 

 
Laboratory Results: 
Urea: 1.499 mmol/l 
Creatinin: 12906.692 µmol/l 
Urea/Creatinin: 16 
Alanin-amino-transferase (ALT): 500.1 
nkat/l 
Aspartat-amino-transferase (AST): 316.73 
nkat/l 
Alkaline phosphatase (ALKP): 316.73 nkat/l 
Thyroxin: 25 nmol/l 
Serum chemistry profile values were within 
normal limits. 
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Microscopic Description: 
The conjunctiva bulbi, cornea, anterior eye 
chamber, irido-corneal angle, the lens and the 
nervus opticus / optic cup do not show any 
histological changes. 

 
Limbus: The limbal cornea shows a mild in- 
filtration by pigmented cells (melanosis oc- 
uli). 
Iris: There is moderate mydriasis, the facies 
posterior contains multifocal single cysts. 
Ciliary body: The outer non-pigmented epi- 
thelium reveals a mild to focally moderate at- 
rophy. 
Vitreous body: There is focal evidence of 
scattered plump melanin containing cells 
(questionable RPE). 
Retina: A total retinal ablation with moderate 
to severe atrophy of all retinal layers (neu- 
ronal - inner/outer granular-and photorecep- 
tor layer) is present. 
Retinal pigmentary epithelium (RPE): There 
is focally mild hypertrophy. 
Choroid: Located between ciliary body and 
papilla nervi optici, within the chorioid, there 
is a round to oval shaped, about 1 cm in di- 
ameter large chorioidal mass with focally in- 
filtrative growth, partly covered by a thin 
layer of RPE and regular chorioidal pig- 
mented cells (cream brown pigment). The 
cells are moderately densely packed, well de- 
marcated and demonstrate solid to nodular 
growth pattern. The moderately pleomorphic 
cell population appears disordered, divided 
by a fine fibrovascular stroma. The cells are 

 
 

Figure 3-2. Globe, cat. Both polygonal to round and 
spindled melanocytes comprise the neoplasm. (HE, 
132X) 

 

 
Figure 3-3. Globe, cat. Higher magnification of neo- 
plastic in less pigmented areas demonstrate bland nu- 
clei. (HE, 600X) 

 
 

plump, round to weakly elongated with a di- 
ameter of about 25 µm, with eosinophilic cy- 
toplasm with a variable content of cytoplas- 
matic granular, partly clumped brownish ma- 
terial (melanin granules) and often indistinct 
cell borders. Where discernible, the nuclei 
are about 10 µm in diameter and contain little 
condensed chromatin and one central nucleo- 
lus. Anisocytosis and anisokaryosis is high. 
Only few binucleated cells are visible, the 
bleached specimens show 0-1 mitotic figures 
per high power field. Focally, in the periph- 
ery of the cell proliferate there is a small area 
of osseous metaplasia. 
Sclera: Opposing the tumor, the sclera is fo- 
cal mildly thinned. There is no evidence of 
the neoplastic cells infiltrating the sclera. 

 
Contributor’s Morphologic Diagnoses: 

- Choroid: endophytic choroidal plump 
cellular melanoma 

- Ciliary body: atrophy of outer non- 
pigmented epithelium, mild to focally 
moderate 

- Retina: total retinal ablation and atro- 
phy, moderate to severe 

- RPE: hypertrophy, focal mild 
- Iris: iridial mydriasis with focal cyst 

formation (facies posterior), focal, 
moderate 

- Melanosis oculi, focal, mild 

408



Contributor’s Comment: 
The most common melanocytic tumor in the 
eye of the cat is the feline diffuse iris mela- 
noma.2 In the present case the neoplastic cell 
proliferate was not involving the iridociliary 
body and it was only focal, protruding into 
the vitreous. Additionally, iridociliary epithe- 
lial tumor can also be pigmented, but have 
been ruled out in this case due to same rea- 
sons as mentioned above.2 

 
According to Parul Singh and Abhishek 
Singh`s Paper in 2012, choroidal melanoma 
is the most common malignant primary neo- 
plasia in humans with most often metastasis 
in liver, frequent the lung and bone.6 Whereas 
canine choroidal melanomas are common, 
being usually benign and never metastasize2, 
a choroidal melanoma has been reported in a 
cat the first time in 2011.5 In the current case, 
no X-ray was performed to check for metas- 
tasis and no history of further locations with 
potential cell proliferates is known. The large 
cell proliferate led to ablation and atrophy of 
the retina with consecutive atrophy of the 
outer epithelium of the ciliary body and focal 
RPE hypertrophy, interpreted as secondary 
glaucomatous alterations. 

 
Iridal cysts can be congenital or occur spon- 
taneously, due to trauma or inflammatory 
processes.3 In the current case, it is seen as an 
incidental finding just as the mild melanosis 
oculi. 

 
Contributing Institution: 
Institute of Veterinary Pathology Zuerich 
(IVPZ) 
www.vetpathology.uzh.ch 

 
JPC Diagnosis: 
1. Eye: Choroidal melanocytoma. 
2. Eye: Iridal cysts. 

 

 
Figure 3-4. Globe, cat. There is hypertrophy of retinal 
pigmented epithelium. (HE, 1900X) 

 

 
JPC Comment: 
While iris melanoma is the most common in- 
traocular tumor of cats, this case is an exam- 
ple of melanoma originating from extra-iridal 
structures, which is uncommon to rare in 
cats.1,4 Only four cases of choroidal melano- 
cytic neoplasms have been reported in the 
English literature. In two cases, neoplastic 
melanocytes infiltrated into the adjacent iris, 
and in a third case, there was a high mitotic 
rate (24 per 10 high power fields) with signif- 
icant anisocytosis and anisokaryosis.1 These 
three cases were diagnosed as choroidal mel- 
anoma.1 The remaining case was diagnosed 
as a melanocytoma.5 

 
Melanocytic neoplasms more commonly 
arise from the iris and are termed feline dif- 
fuse iris melanoma (FDIM).4 These neo- 
plasms start as iris melanosis, characterized 
as a non-neoplastic focus of proliferative and 
dysplastic melanocytes up to 3 layers thick.4 

Iris melanosis may remain static or rapidly 
progress to FDIM with infiltration of the sub- 
jacent iris stroma.4 Early FDIM and iris mel- 
anosis are grossly indistinguishable, but as 
FDIM progresses, the iris becomes thickened 
and the pupil may be irregularly shaped and 
less mobile.4 Features of malignancy for 
FDIM include a high mitotic rate (not well 
established and cut-off varies between stud- 
ies), high nuclear to cytoplasmic ratio, signif- 
icant nuclear pleomorphism, and multinucle- 
ation.1,4 Survival for cats with FDIM is cor- 
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related with histologic invasion, with neo- 
plasms confined to the iris or trabecular 
meshwork producing survival times similar 
to control cats, and neoplasms extending into 
the sclera associated with decreased survival 
time.4 While cellular morphology can vary 
significantly and include patterns such as 
spindle cell, anaplastic, and giant cell vari- 
ants, there is no correlation between mor- 
phology and metastasis.4 Rates of FDIM me- 
tastasis vary from 19 to 63%, and the liver is 
the most common site of metastasis.4 While 
some aggressive FDIMs metastasize quickly, 
others may metastasize late in the disease, 
sometimes years after the initial diagnosis.4 
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CASE IV: 
 

Signalment: 
1 year-old, intact female, Cavalier King 
Charles Spaniel, dog (Canis familiaris) 

 
History: 
This dog was a normal active puppy up until 
4 weeks prior when the owner noted the 
puppy acting lethargic and had labored 
breathing. The puppy was brought to the vet 
and was diagnosed with a respiratory infec- 
tion. Fungal cultures were negative. The 
puppy was started on an antibiotic, predni- 
sone, and another medication (unknown). 
Clinical signs improved but then worsened 
and the puppy quickly died. All other puppies 
in the litter and dogs in the home were all nor- 
mal with no clinical signs. 

 
 

Figure 4-1. Lung, dog. The pulmonary parenchyma was 
diffusely dark red, rubbery, and did not collapse. There 
were hundreds of randomly scattered, 1-2 mm in diam- 
eter, tan to white, firm raised foci throughout all lung 
lobes. (Photo courtesy of: Michigan State University 
Veterinary Diagnostic Laboratory. Department of 
Pathobiology and Diagnostic Investigation - 
https://cvm.msu.edu/vdl) (HE, 5X) 
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Gross Pathology: 
The pulmonary parenchyma was diffusely 
dark red, rubbery, and did not collapse. There 
were hundreds of randomly scattered, 1-2 
mm in diameter, tan to white, firm raised foci 
throughout all lung lobes. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Approximately 90% of alveolar spaces are 
multifocally expanded by eosinophilic, 
foamy, amorphous material with numerous 
approximately 7µm in diameter, teardrop- 
shaped, yeast structures that have variably 
thick walls highlighted by a Grocott's Methe- 
namine Silver (GMS) stain. Moderate num- 
bers of histiocytes are associated with these 
regions. The adjacent alveoli are lined by 
plump cuboidal type II pneumocytes. The re- 
maining pulmonary parenchyma is exten- 
sively autolytic and contains multifocal mats 
of cadaver bacilli. 

 
Contributor’s Morphologic Diagnoses: 
Lung: Severe, multifocal, histiocytic alveo- 
litis with intralesional yeasts and type 2 pneu- 
mocyte hyperplasia 

 
Contributor’s Comment: 
Pneumocystis sp., is a commensal yeast-like 
fungal organism, in the class Pneumocysti- 

 

Figure 4-2. Lung, dog. Multiple sections of lung are sub- 
mitted for examination. At subgross examination, all 
are consolidated with abundant foamy alveolar exu- 
date. (HE, 5X) 

 

 
Figure 4-3. Lung, dog. Alveoli are filled with a foamy 
“soap-bubble” exudate; alveolar septa are expanded by 
macrophages, fibrin, and edema. (HE, 100X) 

domycetes, found in the lungs of adult ani- 
mals. Initial colonization with Pneumocystis 
sp. is thought to occur during the birthing 
process but can also be horizontally transmit- 
ted between the same species as an airborne 
organism5,8. Essentially every mammal has a 
unique strain of Pneumocystis sp. and inter- 
species transmission is not thought to occur. 
There are five host-specific Pneumocystis sp. 
that have been formally described in the liter- 
ature and include: P. carinii/wakefeldii in 
rats, P. murina in mice, P. oryctolagi in rab- 
bits, and P. jirovecii in humans1. Pneumo- 
cystis pneumonia (PCP) can occur in any spe- 
cies of animal, especially if immunocompro- 
mised. In humans, PCP and secondary airway 
obstruction are serious consequences in im- 
munocompromised individuals, especially in 
those individuals that are infected with hu- 
man immunodeficiency virus (HIV). Pneu- 
mocystis sp. are fastidious organisms and 
cannot be grown in continuous culture, lead- 
ing researchers to heavily rely on animal 
models of disease2,5,8. P. carinii infections in 
rats were the original study models; however, 
due to host-specific genotypic and pheno- 
typic variations, it was difficult to make com- 
parisons to P. jirovecii infections in humans2. 
Additionally, due to the inability to recreate 
an HIV model in rats, rat models to study 
PCP infections were not ideal. Studies utiliz- 
ing macaques infected with simian immuno- 
deficiency virus (SIV) then became the most 
relevant animal model not only due to ma- 
caques developing clinical signs similar to 
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those in humans with AIDS, but P. carinii de- 
rived from humans and non-human primates 
are evolutionarily more related than P. carinii 
derived from rats2. 

 
Pneumocystis pneumonia, suspected to be 
caused by Pneumocystis carinii f sp. canis6 is 
uncommon in dogs. Young to middle-aged 
Cavalier King Charles Spaniels and Minia- 
ture Dachshunds are overrepresented and 
may have inheritable immunodeficiency pre- 
disposing them to over colonization3,9. In a 
study that evaluated IgG, IgM, and IgA se- 
rum concentration in Cavalier King Charles 
Spaniels diagnosed with Pneumocystis pneu- 
monia compared to breed and age-matched 
nonaffected dogs, it was found that affected 
dogs had significantly lower IgG concentra- 
tions9. These dogs tend to respond to medical 
treatment if treated early in the course of the 
disease. 

 
Pneumocystis infects hosts by direct attach- 
ment to the alveolar epithelium via surface 
antigen glycoprotein A (gpA). The life cycle 
is composed of two morphologically distin- 
guished forms, a trophic form and a cystic 
form which undergo binary fission and sex- 
ual replication, respectively. The trophic 
form is the predominant form during infec- 
tion and is characterized by 1-4µm, thin- 
walled, uninucleate organisms8. The cystic 
form is 5-8 µm in diameter, thick-walled, and 
contains 8 intracystic nuclei/bodies. The in- 
tracystic bodies are released, attach to type I 
pneumocytes, and are thought to develop into 
the trophic form4. 

 
Pneumocystis can evade host immunity due 
to its cell wall composed of mannose-rich 
polysaccharides and heavily glycosylated 
surface antigens4. gpA is the key surface an- 
tigen responsible for attachment to the host 
epithelium as well as evasion of host immun- 
ity via interactions with macrophages, surfac- 
tant proteins, and fibronectin4. Multiple 

genes encode this protein; however, during 
infection only one isoform is expressed3. The 
expression of this isoform is unique to the as- 
sociated organism adapted to each host spe- 
cies. Pneumocystis causes disease by ex- 
panding alveoli as well as possibly altering 
surfactant homeostasis. Infection is con- 
trolled by macrophages and cell-mediated 
immunity4. 

 
Gross lesions can be multifocal to diffuse and 
are often characterized by red to brown areas 
of consolidation that may be variably nodu- 
lar4. Histologically, lesions are characterized 
by foamy eosinophilic material and variable 
numbers of foamy macrophages that fills al- 
veolar spaces. Organisms are difficult to 
identify on routine hematoxylin and eosin 
staining. Special staining with methenamine 
sliver highlights the walls of the organism. 
Secondary, variably prominent findings in- 
clude, increased interstitial lymphocytes, 
plasma cells, and type II pneumocyte hyper- 
plasia4. The number of organisms within al- 
veolar spaces can greatly vary, thus PCR is 
the most sensitive detection method. 

 
Contributing Institution: 
Michigan State University Veterinary Diag- 
nostic Laboratory. Department of Pathobiol- 
ogy and Diagnostic Investigation - 
https://cvm.msu.edu/vdl 

 
JPC Diagnosis: 
Lung: Pneumonia, interstitial, histiocytic and 
necrotizing, diffuse, marked, with type II 

 

 
Figure 4-4. Lung, dog. High magnification of the charac- 
teristic alveolar exudate characteristic of infection with 
Pneumocystis carinii. (HE, 450X) 
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Figure 4-5. Lung, dog. A silver stain demonstrates cysts 
of Pneumocystis carinii within the alveolar exudate. 
(HE, 450X) 

pneumocyte hyperplasia and many intra-al- 
veolar yeasts. 

 
JPC Comment: 
The contributor provides a great overview of 
this ubiquitous fungus which can infect a 
wide variety of hosts. A recent meta-analysis 
evaluated the clinical and diagnostic features 
of 43 dogs with pneumocystosis.10 Miniature 
dachshunds and cavalier King Charles span- 
iels were predisposed.10 Clinical signs were 
nonspecific and included weight loss, cough, 
dyspnea, and cyanosis, but, interestingly, 
most dogs had normal body temperature. 10 

Hemogram changes include leukocytosis and 
neutrophilia.10 The authors found that hy- 
pogammaglobulinemia was useful in the di- 
agnosis and reflects the inability of infected 
dogs to class-switch from IgM to IgG produc- 
tion.10 On necropsy, the lungs were firm or 
rubbery and discolored or pale. 10 Pneumo- 
thorax was uncommonly seen in these dogs 
but is a common finding in human infec- 
tions.10 Cytologic examination of bron- 
choalveolar lavage fluid, the mainstay of di- 
agnosis in humans, was insensitive and unre- 
liable in this report; more sensitive ante- 
mortem diagnostics included fine needle as- 
pirates of the lung and cytologic examination 
of tracheal swabs.10 Histologic findings in- 
cluded lymphohistiocytic interstitial pneu- 
monia with type II pneumocyte hyperplasia 

and foamy to granular eosinophilic material 
filling alveolar lumens containing poorly- 
staining extracellular and intracellular troph- 
ozoites and cysts.10 GMS and PAS high- 
lighted the cyst walls and confirmed the diag- 
nosis.10 Advanced diagnostics that were use- 
ful in the meta-analysis include PCR, elec- 
tron microscopy, and immunohistiochemis- 
try.10 

 
An uncommon complication of pneumo- 
cystis infection is disseminated spread, which 
was recently reported in a young adult toy 
poodle.7 In addition to the alveolar lumen, the 
fungus was found in the pulmonary interstit- 
ium and had spread to multiple lymph nodes, 
the liver, heart, spleen, pancreas, kidneys, 
and gastrointestinal tract.7 There was marked 
lymphoid depletion in multiple lymph nodes 
and the spleen.7 Based on the distribution pat- 
tern, the authors speculated that the fungus 
spread through lymphatics.7 The dog may 
have been immunodeficient due to a pro- 
longed course of corticosteroids or due to a 
underlying immunodeficiency.7 

 
Conference participants discussed the gross 
photograph from this case; the pale patchy 
discoloration combined in an immunosup- 
pressed animal (i.e. in a severe combined im- 
munodeficiency in an Arab foal, or an NHP 
infected with SIV) is strongly suggestive of 
Pneumocystis pneumonia. 
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WSC 2022-2023 Self-assessment 
Conference 19 

 

1. True or false.  “Collision tumor” and “tumor to tumor metastasis” are synonymous.  
a. True 
b. False 

 

        2.  Dwarf rabbits infected with encephalitozoon will manifest disease in all but WHICH of the 
following? 
         a.  Eye 
         b.  Brain 
         c.  Kidney 
         d.  Lung 

 
3.  True or false? Most rabbits infected with Encephalitozoon cuniculi have subclinical disease. 

a. True 
b. False 

 
4. Which is the most common site for ocular melanoma in cats? 

a. Choroid 
b. Ciliary body 
c. Iris 
d. Cornea  

 
5. Pneumocystis sp.  are currently considered to be which of the following? 

      a.  Fungus 
      b.  Microsporidian 
      c.  Bacteria 
      d.  Alga 

      

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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Conference #20 15 February 2023 
 

 

CASE I: 
 

Signalment: 
14-week-old, male, Saanen kid 

 
History: 
One of five kids from a herd of 60 goats that 
developed progressive onset hindlimb ataxia 
and sternal recumbency terminally. 

 
Gross Pathology: 
No specific findings. CNS appeared normal. 

 
Laboratory Results: 
Liver copper 0.01 mmol/kq, (normal range 
0.06 – 2.5 mmol/kg – values for sheep) 
Liver molybdenum 9.54 µmol/kq,(normal 
range 15.6 – 62.0 µmol/kg – values for sheep) 

 
Microscopic Description: 
Cerebellum: multifocally, Purkinje cells are 
lost, and a small number are shrunken/angu- 
lated with cytoplasmic eosinophilia and kar- 
yopyknosis. Ectopic Purkinje cells noted 
within an irregularly thinned granular layer. 
Concurrent prominence of reactive Berg- 
mann glial cells. Occasional light perivascu- 
lar cuffs of admixed lymphocytes and 
plasmacytes noted in cerebrum. No signifi- 
cant changes noted elsewhere in brain or in 
spinal cord. 

 
Contributor’s Morphologic Diagnoses: 
Cerebellum: degeneration and dysplasia (par- 
ticularly affecting Purkinje cells), multifocal, 
moderate 

 
Contributor’s Comment: 
A diagnosis of delayed enzootic ataxia 
(swayback) in this goat kid was based on: sig- 
nalment, clinical signs, the microscopically 
visible cerebellar lesions and low liver cop- 
per concentrations. This neurological disease 
of sheep and goats is generally accepted to re- 
sult from a primary deficiency in the intake 
of copper or a secondary deficiency caused 
the reduced absorption/availability of copper 
during pregnancy.3 In the secondary form di- 
etary molybdenum, zinc, iron and cadmium 
can interfere with copper absorption.1,6 Mo- 
lybdenum is an important antagonist for cop- 
per as (in combination with sulfate), it forms 
thiomolybdates in the rumen which can com- 
plex with copper, limiting its absorption.3 All 
three affected kids had liver copper concen- 
trations below the normal range. There was 
no history of swayback in this goat herd and 
the dams’ diet consisted of grass, hay and 
sheep concentrate (unknown quantity). The 

 

 
Figure 1-1. Cerebellum, goat kid. A section of cerebellum 
is submitted for examination. The granular cell layer is 
diffusely and mildly thinned. (HE, 7X) 
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goats had access to mineral licks/blocks and 
were being housed at night. 

 
Clinically, two forms of enzootic ataxia in 
goat kids and lambs are described: a congen- 
ital form, more commonly reported in lambs 
develops in utero and manifests in the first 
few days of life; and a delayed form in both 
lambs and kids up to six months of age.1,2 Af- 
fected animals develop progressive neuro- 
logic signs such as ataxia (swaying), 
hindlimb paralysis, and blindness. Lesions 
are found in the cerebrum, brainstem, and 
spinal cord in the congenital form, but are 
limited to the brainstem and cord in the de- 
layed form. Cerebral lesions may be found in 
approximately 50% of congenitally infected 
lambs but rarely in kids: these consist of bi- 
laterally symmetrical cavities in the white 
matter.3,6 Microscopically visible lesions in 
both white and gray matter regions of the 
brainstem and spinal cord in both congenital 
and delayed forms are similar in both goats 
and sheep. Neurons in the medullary reticu- 
lar, red, and lateral vestibular nuclei in the 
brainstem and in the lateral and ventral spinal 
cord exhibit degenerative changes: chroma- 
tolysis, cytoplasmic eosinophilia and pyk- 
nosis/margination of nuclei. Wallerian-type 
axonal degeneration is observed in dorsolat- 
eral and ventromedial spinal cord funiculi.3,6 

Ultrastructural observations in the goat and 
the particular involvement of neurons having 
long processes within the CNS or extending 
into peripheral nerves, suggest that the neu- 
raxon rather than its myelin sheath is targeted 
in delayed enzootic ataxia.14 While myelin 
degradation in this eventuality would then be 
expected as a secondary event, myelin in this 
context is qualitatively abnormal and there- 
fore potentially unstable.3 Accompanying as- 
trogliosis is mild.3,6 Cerebellar cortical le- 
sions, particularly targeting Purkinje cells as 
described here are reported more commonly 
in goats than in sheep.2,14 

 

 
Figure 1-2. Cerebellum, goat kid. There is segmental loss 
of Purkinje cells and proliferation of Bergmann’s glial cells 
within the molecular layer (HE, 400X) 

Copper is required for the activity of several 
enzymes essential for neural function, includ- 
ing cytochrome oxidase (mitochondrial res- 
piration) and copper-zinc superoxide dis- 
mutase (antioxidant activity). Suggested 
mechanisms contributing to the development 
of these lesions include altered function of 
cytochrome oxidase in mitochondria leading 
to suppression of mitochondrial respiration 
and reduced phospholipid synthesis. This en- 
ergy failure is likely to result in axonal/neu- 
ronal degeneration. The generation of exces- 
sive reactive oxygen species as a conse- 
quence of inadequate function of superoxide 
dismutase ultimately results in oxidative in- 
jury within the CNS.3,6 

 
Copper deficiency is more commonly en- 
countered in grazing animals because of the 
poor availability of this element in grass. 
Foodstuffs from which copper is more read- 
ily absorbed are those low in fiber such as ce- 
reals. Preservation of grass in the form of hay 
or silage improves copper availability.2 The 
fact that goats have a lower capacity to store 
copper in the liver than do sheep10,14 would 
suggest this species requires a higher daily in- 
take. In previous instances of enzootic ataxia 
in goats, sheep concentrate, low in copper, 
had been used as supplementary food. No 
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further cases occurred following the replace- 
ment of sheep concentrate by concentrate ap- 
propriate for cattle and horses.14 

 
Differential diagnoses in this case would in- 
clude white muscle disease, spinal 
trauma/vertebral body abscess, caprine ar- 
thritis encephalitis, meningoencephalitis, and 
possible toxicity (lead, organophosphate). 
Enzootic ataxia may be prevented through 
adequate copper supplementation of the dam 
during the latter half of pregnancy.2 

 
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: 
Cerebellum: Purkinje and granular cell loss, 
segmental, moderate. 

 
JPC Comment: 
The contributor provides a good overview of 
the gross lesions, histologic findings, and 
pathogenic features of this classic entity in 

small ruminants. Another example of copper 
deficiency in a young goat was seen in WSC 
2021 Conference 2 Case 1. Readers are en- 
couraged to review that case which also 
demonstrated neuroaxonal degeneration in 
the spinal cord secondary to copper defi- 
ciency. Copper deficiency has also been im- 
plicated as a cause of laryngeal neuropathy in 
adult goats. In a 2017 Veterinary Pathology 
study, researchers described goats with se- 
vere copper deficiency that had both ataxia 
and stridor, while moderately affected goats 
had ataxia without stridor.12 The severely af- 
fected goats demonstrated atrophy of laryn- 
geal muscles appreciable both grossly and 
histologically, with Wallerian degeneration 
of the recurrent laryngeal nerve.12 Interest- 
ingly, both sets of goats also had increased 
serum iron levels, with the more severely af- 
fected goats having higher levels, indicating 
that high dietary iron may have led to copper 
deficiency.12 

 
As the contributor describes, copper is an es- 
sential cofactor in the activity of many en- 
zymes in the body. Copper is an essential 
component of tyrosinase, which is involved 

in the rate-limiting 
step in melanin syn- 
thesis, and deficiency 
results in depigmenta- 
tion of the hair or 
wool, causing a rusty 
brown discoloration 
and the formation of 
spectacles in the fur 
around the eyes (peri- 
ocular achromo- 
trichia).5,13 Copper is 
also important for ox- 
idation of sulfhydryl 
groups during keratin- 
ization, and defi- 
ciency causes hair 
shafts  in  sheep  to be 

Figure 1-3. Cerebellum, goat kid. A GFAP stain demonstrates the proliferation of Bergmann’s 
astocytic fibers in areas of Purkinje cell loss (bracket). (GFAP, 200X) 

straighter with less 
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crimp (“string” or “steely” wool).5,13 Altera- 
tions in coat color and texture due to copper 
deficiency have been reported in dogs, cattle, 
sheep, and moose.5 

 
Copper is also a component of lysyl oxidase 
and is required for the proper crosslinking of 
collagen and elastin.4 Copper deficiency can 
lead to fragile bones and cartilage in dogs, 
lambs, foals, calves, and pigs.4 In dogs, cop- 
per deficiency is associated with decreased 
osteoblast activity and can produce metaph- 
yseal lesions similar to the scorbutic lattice of 
vitamin C deficiency.4 In foals, copper defi- 
ciency may cause the articular epiphyseal 
cartilage complex to lyse which may resem- 
ble osteochondrosis.9 

 
Prolonged copper deficiency has been asso- 
ciated with sudden death and myocardial 
scarring in cattle in Australia and Florida 
(“falling disease”).11 In a recent study on the 
effect of prolonged copper deficiency on car- 
diac function, researchers found histologi- 
cally apparent fibrosis in the ventricular my- 
ocardium, severe decrease in copper-zinc su- 
peroxide dismutase activity, and significantly 
increased levels of lipid peroxidation byprod- 
ucts.8 

 
This week’s moderator, LTC Keith Koist- 
inen, Chief of Diagnostic Pathology at the 
Joint Pathology Center, described the func- 
tion of Bergmann glial cells (specialized ra- 
dial glia astrocytes) which are prominent in 
this case: to provide scaffolding for the mi- 
gration of Purkinje cells. Bergmann glial 
cells are difficult to distinguish solely on 
H&E. In this case, the molecular layer looks 
slightly denser in the areas of Purkinje cell 
loss, suggesting proliferation of Bergmann 
glial cells; however, definitive identification 
of Bergmann glial cells requires GFAP im- 
munohistochemistry. The moderator and par- 
ticipants also remarked on the fact that 
Purkinje cells were present in the granular 

layer, reflective of defective migration refer- 
enced in the contributor’s morphologic diag- 
nosis of Purkinje cell dysplasia. The modera- 
tor also described that the best tissue for sub- 
mission for copper analysis is brains for neo- 
nates and liver for adults. 
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CASE II: 

 
Signalment: 
6-month-old, Hereford steer (Bos taurus) 

 
History: 
A 6-month-old Hereford steer presented to 
the Texas A&M Large Animal Food Animal 
Medicine and Surgery with a history of acute 
onset of being unable to rise. At presentation, 
the steer was recumbent and experiencing 
seizures. On neurological examination, he 
was ataxic, head-pressing and appeared 
blind. His condition was unresponsive to 
medical intervention, and the decision was 

 

 
Figure 2-1. Cerebrum, ox. A section of cerebrum is sub- 
mitted for examination. There are segmental areas of 
pallor beneath the meninges. (HE 6X) 

made to humanely euthanize and perform a 
necropsy. 

 
Gross Pathology: 
Flared metaphyses of the ribs with retained 
calcified cartilage and mild cerebral edema. 

 
Laboratory Results: 
Blood lead level= 0.71 ppm (lab normal=0- 
0.3 ppm); Post-mortem analysis of renal tis- 
sue (after formalin fixation) = 6.2 ppm (>3 
ppm indicative of toxicity). Radiographs of 
ribs revealed a flared physis and a radiodense 
band at the metaphysis. 

 
Microscopic Description: 
Cerebrum. The deep cerebrocortical interface 
has a laminar zone of rarefaction (edema), 
and many neurons are diffusely hypereosino- 
philic, shrunken/polygonal with pyknotic nu- 
clei (neuronal necrosis) or are lost. Endothe- 
lial cells are swollen. Reactive astrocytes are 
numerous (gliosis). Occasional vessels have 
a few surrounding neutrophils. Rarely, the 
nuclei of neurons have 2-4 µm, round, eosin- 
ophilic (lead) inclusions. 
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Contributor’s Morphologic Diagnoses: 
Severe, diffuse, laminar cortical neuronal ne- 
crosis with gliosis, edema and rare intraneu- 
ronal intranuclear eosinophilic inclusions 
(lead inclusions). 

 
Contributor’s Comment: 
The clinical signs related to lead poisoning 
are predominantly neurologic and include de- 
pression, inappetence, staggers, muscle trem- 
ors, bruxism, head pressing, convulsions, 
blindness, and death.1,14 Acute poisoning in 
cattle often results in death within 12-24 
hours.1 Gross lesions are not striking in cases 
of lead poisoning but may include brain 
swelling, hemorrhage, or meningeal and cer- 
ebrovascular congestion.14 Microscopic le- 
sions in acute cases may be confused with 
early autolysis.1 In subacute cases, micro- 
scopic lesions of laminar cortical necrosis of 
the cerebrocortical gyri, astrocytosis, peri- 
vascular edema or hemorrhage.14 Other dif- 
ferentials for bovine laminar cerebrocortical 
neuronal necrosis include, thiamine defi- 
ciency and consuming diets or water contain- 
ing high sulphate (both causing ruminant po- 
lioencephalomalacia), or as a residual lesion 

of cyanide poisoning.1 This case is remarka- 
ble for the number of mitotic figures along 
with the significant neuronal necrosis. The 
mitotic population is presumably glial cells 
responding to the neuronal necrosis, but the 
population is negative with GFAP. 

 
While multiple species may be affected with 
lead intoxication, cattle are 10 times more 
likely to be affected than dogs, cats, or 
horses.10 The disease is often acute in cattle 
and chronic in horses.1 Sheep are less com- 
monly affected and swine are rarely af- 
fected.1 A retrospective, case-controlled 
study of cattle at North American veterinary 
school hospitals revealed a seasonality to 
lead intoxication cases with the most being 
reported in the late spring and summer 
months and an association between age and 
likelihood of exposure to lead with cattle less 
than four years of age at an increased risk.8 

The highest risk age group are cattle between 
2 and 6 months of age.8 Calves have higher 
exposure than adults, which is often from 
licking painted troughs, walls, etc. while con- 
fined. Adult cattle on pasture are often ex- 
posed through accidental ingestion of dis- 
carded car batteries, old lead paint on farm 

 

 
Figure 2-2. Cerebrum, ox. Higher magnification of a laminar area of rarified submeningeal grey matter. (HE 150X) 
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Figure 2-3. Cerebrum, ox. Areas of necrosis are gliotic and contain shrunken neurons and pyknotic glial cells. (HE 170X) 

 

buildings or fences, or old asphalt shin- 
gles.4,14 Experimental models of lead intoxi- 
cation do not reach the levels of naturally ac- 
quired lead intoxication, which may be due to 
the formation of lead salts that increases in- 
gestion of lead contaminated objects.1 Other 
sources of environmental contamination in- 
clude land near highways with historical lead 
accumulation in the soil from leaded gasoline 
exhaust, land near clay pigeon shooting 
ranges, industrial pollution, accumulation in 
plants, or fertilizers and pesticides.5,9,12 

 
In lead intoxication the laminar necrosis does 
not autofluoresce under UV-light, suggesting 
a different pathogenesis from thiamine-re- 
lated necrosis. The mechanism of action in 
lead intoxication is not well defined. The two 
theories of lead toxicosis are ionic mecha- 
nism and an oxidative stress mechanism. 2 

The ionic mechanism proposes that lead 
metal ions cross the blood brain barrier using 
cationic transporters and replace other biva- 
lent ions like Ca2+, Mg2+ or Fe2+.5,14 The di- 
rect neuronal toxicity is presumed to be due 
to altered function of the dopaminergic, cho- 
linergic and glutamatergic neurotransmitter 

systems.14 Lead accumulates within neurons 
and astrocytes by utilizing a calcium trans- 
porter channel and disrupts calcium homeo- 
stasis, which leads to calcium release from 
the mitochondria with a subsequent increase 
in apoptosis. The oxidative stress mechanism 
proposes that lead toxicosis causes the levels 
of reactive oxygen species to increase while 
concurrently decreasing the antioxidant lev- 
els of proteins such as glutathione.5 

 
Contributing Institution: 
Dr. John Edwards and Dr. Martha Hensel 
(jedwards@cvm.tamu.edu; mhen- 
sel@cvm.tamu.edu) 
Department of Veterinary Pathobiology 
College of Veterinary Medicine and Bio- 
medical Sciences 
Texas A&M University 
College Station, TX 77843-4467 
http://vetmed.tamu.edu/vtpb 

 
JPC Diagnosis: 
Cerebrum: Neuronal necrosis and loss, corti- 
cal, laminar, multifocal, with gliosis and 
edema. 
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JPC Comment: 
This entity was last seen in Wednesday Slide 
Conference during Conference 10, Case 2 of 
2021-2022. That case demonstrated lead tox- 
icosis in the kidney of an African penguin, 
and readers are encouraged to review that 
case which details the features of disease in 
avian species and a brief review of the history 
of lead toxicity. During that conference, a re- 
cent Vet Pathol article was discussed which 
described lead intoxication in bald eagles; in 
this species, lead toxicosis leads to fibrinoid 
necrosis in arterioles of the heart, brain, and 
eyes leading to petechia, hemorrhagic necro- 
sis, and ischemia in these organs.7 

 
In the gross findings of this bovine case, the 
contributor describes flared metaphyses of 
the ribs and retained calcified cartilage, re- 
flecting the effect of lead toxicity on bone. 
Lead inhibits the function of osteoclasts, 
which in growing animals normally resorb 
mineralized cartilage and woven bone of the 
primary spongiosa, making way for lamellar 
bone of the secondary spongiosa during en- 
dochondral ossification. 3 In lead toxicosis, 
osteoclasts fail to resorb bone and, histologi- 
cally, osteoclasts are detached from the sur- 
face of trabeculae and may contain character- 
istic acid-fast eosinophilic occlusions.2 

Grossly, there is a band of sclerosis and flar- 
ing of the metaphysis due to retained miner- 
alized cartilage, and radiographically, this 
produces a characteristic lead line.2 

 
Lead toxicosis can affect other systems as 
well. During erythropoiesis, lead inhibits 
heme synthesis and causes a nonregenerative, 
hypochromic, microcytic anemia with circu- 
lating sideroblasts. Lead also causes retention 
of RNA, leading to basophilic stippling.11 

Lead quickly accumulates in the kidney and 
concentrates in the tubular epithelium nu- 
cleus, where inclusions are readily apparent 
(the moderator noted that eosinophilic intra- 
nuclear inclusions can be normal findings in 

healthy dogs). Lead inhibits mitochondrial 
respiration and in acute toxicosis can cause 
apoptosis of proximal tubular epithelium.6 In 
rabbits, lead toxicosis causes outer retinal de- 
generation secondary to lipofuscin buildup, 
and in rats, it causes necrosis of the photore- 
ceptor cells and inner nuclear layer of the ret- 
ina.13 

 
Conference participants and the moderator 
debated on the presence of eosinophilic intra- 
nuclear inclusions and could not reach a con- 
sensus on whether they were present. Acid- 
fast staining by JPC did not confirm the pres- 
ence in this case. 
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CASE III: 
 

Signalment: 
Male, Sprague-Dawley rat (Rattus norvegi- 
cus) 

 
History: 
This rat was administered a test article to in- 
duce seizures in order to evaluate the effec- 
tiveness of anticonvulsant therapeutics. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Cerebrum at the level of the thalamus and 
hippocampus: Multifocally within the cere- 
bral cortex, piriform cortex, amygdala, hip- 
pocampus, thalamus, caudate nucleus, and 
putamen, there is neuronal degeneration and 
necrosis characterized by shrunken, angular, 
hypereosinophilic cytoplasm of neuron cell 
bodies. There is rarefaction of the white mat- 
ter immediately adjacent to affected neuron 
cell bodies. 

 
Contributor’s Morphologic Diagnoses: 
Cerebrum at the level of the thalamus and 
hippocampus: Neuronal degeneration and ne- 
crosis, multifocal, severe, with rarefaction. 

 
Contributor’s Comment: 
Due to low cost and ease of manufacturing of 
chemical warfare agents, there is an increased 
likelihood of use of chemical warfare agents 
by terrorists, as well as, by various govern- 
ments. Relatively recent examples of chemi- 
cal attacks include the use of chlorine gas by 
Al Qaeda in 2006 and 2007, the use of vari- 
ous chemicals by ISIS in 2015 and 2016, and 
the poisoning of a former Russian agent in 
2018. One of the most notable examples of a 
chemical warfare agent being deployed is the 
use of the nerve agent sarin by members of 
the Aum Shinrikyo religious cult in Japan in 
1995 that killed 12 and sickened 5,000 others. 
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In order to decrease the likelihood of future 
chemical warfare agent use there is a focus on 
strategies to research and mitigate the nega- 
tive physiologic effects of various agents so 
that their deployment is useless as effective 
antidotes are readily available. 

 
Mechanism of Action of Nerve Agents. The 
chemical warfare (CW) nerve agents include 
the anticholinesterase nerve agents tabun 
(GA), sarin (GB), soman (GD), cyclosarin 
(GF), and VX, all of which are, or have been, 
part of the US domestic munitions invento- 
ries.8 These agents are potent anticholinester- 
ase compounds deliberately formulated to in- 
duce debilitating effects or death during war- 
time hostilities and have been used by mili- 
tary authorities of several nations to develop 
munitions (e.g., Germany during the Nazi 
era, the USA, and the former Soviet Union).8 

 
All of the listed nerve agents are anticholin- 
esterase compounds and induce accumula- 
tion of the neurotransmitter acetylcholine 
(ACh) at neural synapses and neuromuscular 
junctions by of nerve agents can result in ex- 
cessive bronchial, salivary, ocular and intes- 
tinal secretions, sweating, miosis, bron- 
chospasm, intestinal hypermotility, bradycar- 
dia, muscle fasciculations, twitching, weak- 
ness, paralysis, loss of consciousness, con- 
vulsions, depression of the central respiratory 
drive, and death.8 

 
Nerve Agent-Associated Injury to the Nerv- 
ous System. Nerve agents exert their neuro- 
pathologic effects through binding and irre- 
versible inactivation of acetylcholinesterase 
(AChE), the enzyme that hydrolyzes ACh, 
leading to a toxic accumulation of ACh at 
nicotinic (skeletal muscle and preganglionic 
autonomic) receptors, muscarinic (mainly 
postganglionic parasympathetic) receptors, 
and central nervous system synapses.9 

Historically, this has been of concern in or- 
ganophosphate and carbamate insecticide ex- 
posure among farm workers; however, it is 
likely that use of nerve agents in civilian pop- 
ulations or against military personnel would 
result in a range of exposures that stem from 
both the proximity of various groups to the 
site of deployment and the persistence of res- 
idues of some agents in the environment.9 

 
Common nerve agents developed for chemi- 
cal warfare purposes include the G-series (so 
names because they were first developed by 
German scientists in the mid-1930s) and V- 
series (a designation of more ambiguous 
origin) weapons.9 As previously mentioned, 
the G-series includes tabun (GA), sarin (GB), 
soman (GD), and cyclosarin (GF), while the 
V-series includes VX, first synthesized by the 
British in 1954.9 The G-series compounds are 
volatile liquids at room temperature, are sol- 
uble in both fat and water, and are absorbed 
readily through the eyes, respiratory tract, 
and skin.9 V-series agents are viscous and 
toxic mainly via skin exposure, and therefore 
pose a lower inhalation hazard than the G- 
agents; however, they are notoriously persis- 
tent in the environment.9 

 
Acute exposure to nerve agents is associated 
with a range of clinical symptoms, varying 
from abnormal movements and salivation to 
limb tremor and muscle fasciculations, to 
convulsions.9 In a variety of animal and espe- 
cially rodent models, animals that survived 

 
Figure 3-1. Diencephalon, rat. A transverse section of 
brain at the level of the diencephalon. (HE, 6X) 
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seizures tended to manifest extensive bilat- 
eral brain neuronal necrosis that affected pre- 
dominantly the forebrain, thalamus, tegmen- 
tum, and spinal cord.9 Acute injury may be 
attributable to several mechanisms.9 

 
Ischemic hypoxia may derive from respira- 
tory insufficiency during prolonged seizures, 
and evidence of cellular ischemia is present 
in brains of exposed animals.9 This consists 
of shrinkage of the cell soma and proximal 
dendrites, cytoplasmic microvacuolation due 
to mitochondrial swelling, dispersion of Nissl 
substance (cytoplasmic RNA), increased cy- 
toplasmic eosinophilia, nuclear changes in- 
cluding displacement of the nucleus to an ec- 
centric position in the neuron, shrinkage, and 
darkening.9 Generally, these nerve agent-as- 
sociated lesions were described as indistin- 
guishable from those associated with brain is- 
chemia or anoxia.9 

 
Within minutes after exposure to nerve 
agents, there is a marked decrease in AChE 
activity and associated rise in ACh.9 The ear- 
liest seizure activity begins in the absence of 
other significant neurotransmitter alterations 
and is prevented by anticholinergic drugs.9 

These observations suggest that seizure-asso- 
ciated neuropathologic findings that occur 
upon nerve agent exposure are caused pri- 
marily by a mechanism of cholinergic tox- 
icity.9 

 
However, if seizures progress untreated, 
other neurotransmitter systems display sec- 
ondary alterations, and the involvement of 
these has been invoked in models of injury to 
cerebrum that involve mechanism of “exci- 
totoxic” injury.9 Specifically, these refer to 
the involvement of the excitatory amino acid 
transmitter glutamate, which increases intra- 
cellular calcium mobilization.9 

In excitotoxicity, overstimulation of glutama- 
tergic synapses leads to marked neuronal cal- 
cium dyshomoeostasis that in turn leads to 
neuronal injury.9 Importantly, pretreatment 
or early post-exposure treatment of experi- 
mental animals with anticonvulsants (e.g., 
benzodiazepines such as diazepam), blocks 
nerve agent-associated seizures which in turn 
prevents or diminishes neuropathologic ef- 
fects.9 This occurs in the absence of a direct 
effect on cholinergic processes.9 These ob- 
servations, taken together, suggest strongly 
that excitotoxic mechanisms contribute 
largely to the structural changes observed in 
the cerebrum upon nerve agent exposures.9 

 
Abrogation of these mechanisms by anticho- 
linergic drugs within 20-40 min of the onset 
of seizures is sufficient in most cases to sig- 
nificantly diminish neuropathologic lesions.9 

The failure of anticholinergic drugs to pre- 
vent nerve agent-associate pathologic 
changes after this time period has been at- 
tributed to the recruitment and dominance of 
non-cholinergic mechanisms of excitotoxi- 
city and perhaps to secondary loss of the in- 
tegrity of the blood-brain barrier.9 

 
Technical Considerations for Toxicologic 
Neuropathology. Cost-effective, high-quality 
neuropathologic evaluations require team- 
work involving the recording and assessment 
of detailed clinical signs and gross postmor- 
tem observations, careful and timely collec- 
tion and processing of tissues, and a working 
knowledge of both neuroanatomy and neuro- 
pathology.4 The process begins well before 
the necropsy.4 It is important for the 
pathologist to have knowledge of the likely 
target effects (distribution, biochemistry, sec- 
ondary changes) of the compound so that tis- 
sue collections and evaluations can be opti- 
mized.4 

 
Evaluation of murine brain tissue requires 
considerable expertise in the preparation of 
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Figure 3-2. Diencephalon, rat. There are numerous degenerating and necrotic neurons within CA3 of the hippocampus. As- 
trocytes associated with degenerating neurons are markedly swollen by cytosolic edema (HE, 276X) 
tissue samples prior to examination by a neu- 
ropathologist. The use of whole-animal per- 
fusion techniques and specialized grossing 
implements (such as brain matrices) are prac- 
tical and effective tools which can help en- 
sure that virtually identical brain regions are 
collected and prepared from each animal 
within a large study. 

 
As with many other organ systems, the most 
common way for nervous tissue to be fixed is 
by direct immersion in an aldehyde fixative 
solution.3 However, whole body perfusion 
via the vascular system is preferred, particu- 
larly if any degree of special detail is neces- 
sary in the study.3 Once mastered, perfusion 
yields reproducible, high-quality prepara- 
tions of nervous tissue.3 However, this ap- 
proach requires technical dedication and 
practice before mastery.3 The technique can- 
not simply be written and given to an inexpe- 
rienced technical specialist for execution 
without proper instruction and training.3 An 
excellent summary of the practical aspects of 
whole body perfusion is provided in the be- 
low referenced article by Fix and Garman.3 

Investigators seeking to evaluate brain inju- 
ries will select a region of interest using a 
standard brain atlas which localizes the de- 
sired coronal section by its relationship to the 
sutures of the skull. By definition, the 
Bregma level refers to the junction of the cor- 
onal and sagittal sutures on the skull, and a 
coronal brain section at this level corresponds 
to a Bregma level of 0.0 mm.4 Bregma coor- 
dinates represent the number of millimeters 
rostral (positive numbers) or caudal (negative 
numbers) to this plane.4 

 
Rat brain atlases are developed using rats of 
a particular sex, strain, and weight class (e.g., 
adult, male, medium-sized [270 to 310 g], 
Wistar rats were used for Paxinos and Wat- 
son’s The Rat Brain in Stereotaxic Coordi- 
nates, 5th edition).6 For this reason, if rats of 
a different sex, strain, or weight class are 
used, stereotaxic accuracy will be affected.6 

In other words, if the rat brain is smaller than 
the medium-sized rat used for the reference 
atlas, the distance from the Bregma to the de- 
sired coronal section will need to be propor- 
tionately scaled down to acquire the region of 
interest. 
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Figure 3-3. Diencephalon, rat. There are scattered degenerating and necrotic neurons within throughout the neocortex, but far 
fewer than in the hippocampus. (HE, 298X) 
Even with a good brain atlas, the process of 
actually matching slides on the microscope 
with sites depicted in the atlas can be chal- 
lenging.4 Since histologic sections rarely 
match the exact plane of section depicted in 
an atlas, the pathologist must have a basic 
working knowledge of neuroanatomy and the 
ability to envision how the landmarks will be 
shifted when sections are tilted or skewed 
from the true coronal planes typically pre- 
sented in the atlases.4 A series of atlases co- 
authored by Paxinos and Watson provides 
good neuroanatomic references for rodents, 
and is available in both hard copy and in elec- 
tronic format.4 

 
Once the target tissue within the brain has 
been fixed, grossed, and embedded, the tech- 
nical skill in the histology laboratory is per- 
haps the most important factor in arriving at 
a mounted section of the specific region of 
interest. The target tissue must be embedded 
with sufficient excess tissue to allow for 
block facing and sectioning through the block 
until the desired serial section is mounted on 
the glass slide. 

The skill level of the histology technician 
cannot be overstated in murine brain re- 
search. First, the individual must have a de- 
tailed understanding of murine neuroana- 
tomy. Second, he or she must possess the ac- 
ademic interest to study reference brain at- 
lases and understand where the region of in- 
terest is located relative to other structures. 
Third, the technician must be able to recog- 
nize detailed brain structures in unstained 
paraffin-embedded tissue sections. Finally, 
the technician must be able to make adjust- 
ments if the animal’s size or gender do not 
match the reference atlas. Microtomy is, by 
its nature, a destructive process since the 
technician must section through the block un- 
til the desired section is exposed. Because of 
this, the technician must know when to stop 
sectioning so that the region of interest is not 
inadvertently consumed. 

 
For pathologists with an interest in toxico- 
logic neuropathology, there is an excellent 
compilation of resources, designed to consol- 
idate a broad range of useful neurobiology, 
neuropathology, and neurotoxicology re- 
sources in a single reference.1 
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Contributing Institution: 
https://usamricd.apgea.army.mil/ 

 
JPC Diagnosis: 
Cerebrum, hippocampus and thalamus: Neu- 
ronal degeneration and necrosis, multifocal 
and segmental, with rarefaction. 

 
JPC Comment: 
The moderator remarked on the remarkable 
preservation of this tissue achieved by perfu- 
sion and described the histologic evidence of 
perfusion: dilated (non-retracted) empty 
blood vessels and reduced dark neuron arti- 
fact. 

 
This case illustrates the classic but nonspe- 
cific lesion of acute eosinophilic (aci- 
dophilic) neuronal degeneration and necrosis. 
In this case, neuronal necrosis is due to the 
effects of a nerve agent, which, as the con- 
tributor describes, works in a few ways: by 
causing direct neuronal acetylcholine toxicity 
by inhibiting acetylcholinesterase, by causing 
excitatory nerve injury, and by causing ische- 
mia due to respiratory depression secondary 
to prolonged seizure activity. Acute eosino- 
philic neuronal necrosis can occur in other 
conditions as well, including ischemia or hy- 
poxia, thiamine deficiency, heavy metal tox- 
icosis (including lead and organic mercury), 
hypoglycemia, and inflammation.5,7 Neurons 
are acutely sensitive to ischemic and hypoxic 
injury because they maintain minimal energy 
stores.2 When deprived of oxygen due (i.e. is- 
chemia or cardiac arrest), the most sensitive 
neurons in the cerebral cortex die within 10 
minutes due to decreased ATP generation.2 

Neurons in the cerebral cortex, Purkinje cells, 
and the hippocampus are the most sensitive 
to ischemic injury; this phenomenon is re- 
ferred to as selective neuronal vulnerabil- 
ity.2,5 Other causes of decreased ATP gener- 
ation leading to neuronal necrosis include cy- 
anide, which interferes with mitochondrial 

cytochrome oxidase activity during cellular 
respiration, and carbon monoxide, which pre- 
vents oxygenation of peripheral tissues. 2,5 

For the same reason, hypoglycemia (i.e. due 
to a functional insulinoma) also causes neu- 
ronal necrosis, and, in general, neurons dis- 
play the same sensitivity to hypoglycemia as 
ischemia (with the exception of Purkinje 
cells, which are more resistant to hypoglyce- 
mic injury).2 
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CASE IV: 

 
Signalment: 
5-month-old, intact male, Labrador, Canis fa- 
miliaris, canine 

 
History: 
This dog was presented to the emergency ser- 
vice of a veterinary clinic. Owners reported 
that he was alert in the morning and ate well. 
He suddenly became lethargic, and they rap- 
idly brought him to the clinic. On arrival, his 
temperature was elevated (39,4 ºC), but re- 
turned to normal values within an hour. He 
was in a lethargic state that gradually wors- 
ened. Blood parameters revealed only 
slightly decreased hematocrit (32) and potas- 
sium (3.4) values. Blood pressure was nor- 
mal. He received intravenous fluids and in- 
tralipids, but his general state rapidly deteri- 
orated and he was in cardiopulmonary arrest 
a few hours after his arrival at the clinic. Car- 
diopulmonary resuscitation was performed 
unsuccessfully. 

 
Gross Pathology: 
The dog weighed 20 kg and was in good body 
condition. Lungs were diffusely edematous, 
and the pericardial sac contained a small 
amount (5-6 ml) of blood-tinged fluid. The 
heart weighed 174 g (within normal values) 
and showed no anomaly. Approximately 20 
to 25 ml of uncoagulated blood was present 
in the abdominal cavity. No lesion explain- 
ing this blood was found in the abdominal or- 
gans. The stomach was full of undigested dry 
food, amongst which two small blue particles 

(size of blueberries) were noted. No diarrhea 
was present. Considering the rapid onset of 
clinical signs and the fact the dog was healthy 
and up to date on his vaccination schedule, an 
intoxication was suspected. 

 
Laboratory Results: 
Routine bacteriological culture of the lung, 
liver and kidney revealed only rare hemolytic 
E.coli and few contaminants. A PCR for ca- 
nine herpesvirus was negative. Stomach con- 
tent was sent for toxicological analysis and 
results showed a large amount of phenethyl- 
amine detected by GCMS. 

 
Microscopic Description: 
Histological changes are limited to the cere- 
brum; they are multifocal, present in all 
lobes, but most severe in the right frontal 
lobe. There is marked and extensive vaso- 
genic edema involving mainly the white mat- 
ter, variably extending into the adjacent cere- 
bral cortex, associated with vascular fibrinoid 
degeneration/necrosis and mostly perivascu- 
lar hemorrhages. The wall of affected blood 
vessels is effaced by fibrinoid material, 
sometimes with pycnotic nuclei, and eryhro- 
cytes and/or fibrin are present in the Vir- 
chow-Robin spaces. In affected areas, there 
are numerous reactive astrocytes and micro- 
gliocytes and, multifocally a few to several 
neutrophils. There are numerous microgli- 

 
 

Figure 4-1. Cerebrum, dog. A section of cerebrum is sub- 
mitted for examination. At subgross magnification, there 
are numerous areas of perivascular hemorrhage, predom- 
inantly within the white matter. (HE, 7X) 

430



 
Figure 4-2. Cerebrum, dog. There is fibrinoid necrosis of vessel walls with perivascular hemorrhage. (HE, 248X) 
ocytes/macrophages and occasional neutro- 
phils in the perivascular (Virchow-Robin) 
and subarachnoidal spaces. Neuronal 
changes are interpreted as artefactual ("dark 
neurons"). 

 
Contributor’s Morphologic Diagnoses: 
Marked and extensive vasogenic cerebral 
edema associated with vascular fibrinoid de- 
generation/necrosis and perivascular hemor- 
rhages (mainly white matter) 

 
Contributor’s Comment: 
Phenethylamine is an organic compound, 
natural monoamine alkaloid, and trace amine, 
which acts as a central nervous system stim- 
ulant. It represents the core structure of nu- 
merous drugs with stimulant-like properties 
such as amphetamines and methampheta- 
mines.8 It is also the major component of 
stimulant drugs used to treat attention-defi- 
cit/hyperactivity disorder (AD/HD) by im- 
proving brain levels of serotonin and norepi- 
nephrine.10 In the present case, the exact sub- 
stance containing phenethylamine that was 
ingested by the dog could not be identified. 
The owners suspected that the dog had eaten 

an illegal substance, possibly from a neigh- 
bor’s gathering that took place the night be- 
fore. To the best of their knowledge, the dog 
did not have access to other possible sources 
of phenethylamine-containing substances. 

 
Very few reports have documented intoxica- 
tion of dogs by amphetamines or by drugs 
prescribed for the management of 
AD/HD.2,4,9,11 The principal mechanisms of 
toxicity in amphetamine poisoning are the re- 
lease of catecholamine with stimulation of 
the nervous system and a marked increase in 
the release of norepinephrine, dopamine, and 
serotonin. Clinical signs most commonly re- 
ported are cardiovascular signs such as hy- 
pertension and tachycardia and central nerv- 
ous system signs such as hyperactivity, agita- 
tion, and tremors. Hyperthermia is also often 
present. Lethargy, depression, and coma have 
been reported in the latter course of intoxica- 
tion. Peak plasma concentrations of amphet- 
amine occur 1-3 hours after ingestion.1 The 
median lethal dose (LD50) for orally admin- 
istered amphetamine sulfate in dogs is 20 to 
27 mg/kg.1 Full recovery can be achieved 
when a rapid diagnosis is made together with 
an  aggressive  intervention.    In  the present 
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case, lethargy and depression were the prin- 
cipal clinical signs displayed. The very 
young age of the dog (4 months) and the pres- 
ence of a large amount of phenethylamine as 
determined by GCMS analysis could have 
both contributed to the rapid deterioration of 
the animal leading to coma and death. 

 
Histological lesions in the present case were 
present only in the brain and were centered 
around blood vessels (principally cerebral 
edema with a marked exudation of fibrin and 
perivascular hemorrhages). These changes 
are consistent with a significant increase in 
vascular permeability. In humans, it is gen- 
erally assumed that death following a meth- 
amphetamine overdose results from heart at- 
tack or stroke. Central nervous system alter- 
ations are difficult to precisely determine in 
humans since polysubstance abuse is seen in 
the majority of cases.3 Arterial or venous in- 
farcts and subarachnoid or parenchymal hem- 
orrhages have been reported as neuropatho- 
logical complications.5 A necrotizing vascu- 
litis, predominantly of small blood vessels, 
but larger arteries and veins may be involved 
has also been observed in few cases.5 

Recent studies using a rat model of acute 
methamphetamine intoxication showed the 
development of a temperature-dependent 
leakage of the blood-brain barrier and the de- 
velopment of vasogenic edema that could fi- 
nally result in decompensation of vital func- 
tions and death. 6,7 More specifically, the au- 
thors found the leakage of albumin in the neu- 
ropil (reflecting alterations in vascular endo- 
thelium), an increased number of glial cells 
and the presence of several pyknotic neurons 
in rats that had received 9 mg/kg of metham- 
phetamine.6,7 These changes were tempera- 
ture dependent, being more severe in rats that 
were maintained under warm (29°C) com- 
pared to standard (23° C) ambient tempera- 
ture. Histological changes in the brain of 
dogs following an intoxication by ampheta- 
mines have not been reported. However, the 
histological lesions observed in the present 
case are consistent with a severe alteration of 
the blood-brain barrier following intoxication 
with a phenethylamine-containing substance. 

 
Contributing Institution: 
Département de pathologie et microbiologie 
Faculté de médecine vétérinaire 
Université de Montréal 

 

 
Figure 4-3. Cerebrum, dog. Effete vessels are replaced by polymerized fibrin and surrounded by ring hemorrhage. (HE, 351X) 
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JPC Diagnosis: 
Cerebrum: Fibrinoid vascular degeneration 
and necrosis, acute, multifocal to coalescing, 
with, hemorrhage, edema, and gliosis. 

 
JPC Comment: 
Prior to reviewing the clinical history and 
gross necropsy findings of this case, the mod- 
erator and participants discussed possible dif- 
ferentials for fibrinoid vascular degeneration 
in the cerebrum of a dog, including infectious 
agents (i.e., endotoxemia, Rickettsia rickett- 
sia, and Ehrlichia canis), accidental ingestion 
of illicit substances, and hypertension. 

 
In a nine year retrospective study evaluating 
241,261 cases of suspected poisoning events 
reported to the ASPCA’s Animal Poison 
Control Center in the United States, exposure 
to human medications accounted for 40% and 
32% of canine and feline cases, respectively, 
and recreational or elicit medications ac- 
counted for 1.83% and 0.44% of exposures, 
respectively.12 Exposure to prescribed am- 
phetamines and illicit methamphetamine 
comprised a small portion of these toxicities, 
accounting for 1.16% and 1.44% of total ca- 
nine and feline exposures.12 Human pharma- 
ceuticals more commonly referenced as a 
source of exposure included analgesics and 
medications treating CNS, gastrointestinal, 
and cardiovascular disorders.12 These results 
indicate that amphetamine toxicity is an un- 
common toxicosis in dogs and cats, but one 
that clinicians and pathologists should be 
cognisant of.12 

 
Amphetamines are lipid-soluble drugs rap- 
idly absorbed in the gastrointestinal tract and 
which cross the blood-brain barrier.1 Clinical 
signs begin within 20 minutes of ingestion.1 

Peak plasma concentration occurs within 3 
hours, and, in dogs, the drug is cleared within 
6 hours.1 

 
Amphetamines continuously stimulate mus- 
cle activity causing energy depletion, cal- 
cium overload in the sarcoplasmic reticulum, 
and constant muscle fasciculations, exacer- 
bating energy demands.10 Rhabdomyolysis is 
a common consequence of amphetamine tox- 
icosis in humans and is occasionally reported 
in dogs.1,10 Some cases may progress to my- 
oglobinuria and acute kidney injury.10 Hyper- 
thermia and respiratory failure can lead to 
disseminated intravascular coagulation, a po- 
tential cause of death in intoxicated dogs.1 

Other reported cause of death include cere- 
bral hemorrhage secondary to hypertension 
and heart failure.1 Metarubricytosis, hyper- 
segmentation of neutrophil nuclei, and 
thrombocytopenia presumedly due to hyper- 
thermia have been reported secondary to am- 
phetamine toxicosis in a Boxer.13 
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WSC 2022-2023 Self-assessment 
Conference 20 

 

1. Which of the following has been identified in adult goats with copper deficiency? 
a. Cataracts 
b. Hoof cracks 
c. Laryngeal neuropathy 
d. Cauda equina demyelinatio 

 

        2.  True or false? Cerebral lesions are most prominent in delayed forms of enzootic ataxia. 
         a.  True 
         b.  False 
         

 
3.  Which of the following is true? 

a. Lead accumulates in both neurons and astrocytes. 
b. Lead enters the cell via a sodium transporter channel. 
c. White matter lesions predominate in the cerebral cortex. 
d. Calves less than 4 months are primarily affected as a result of concentration in the 

dam’s milk. 
 

4. Common nerve agents degrade which of the following? 
a. Acetylcholinesterase 
b. Glutamine 
c. Sphingosine 
d. Norepinephrine  

 
5. The release of which of the following is NOT seen in amphetamine toxicosis? 

      a. Norepinephrine 
      b. Serotonin 
      c.  Dopamine 
      d.  Acetylcholine 

      

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
12-year-old, male neutered, Havanese dog 
(Canis familiaris) 

 
History: 
A 12-year-old, male neutered Havanese dog 
has been managed through the Neurology 
Service over the course of 2 years for a right 
forebrain mass and cluster seizures. The dog 
was treated with radiation therapy 2 years ago 
and continued to have seizures. More re- 
cently, the dog started showing progressive 
neurologic signs consistent with regrowth of 
the mass (more frequent seizures, circling to 
the right, dull mentation, decreased menace 
OS). The dog presented to the Neurology ser- 
vice for cluster seizures and was hospitalized 
for seizure management. The seizures could 
only be controlled with a valium CRI. His 
owners elected euthanasia given the persis- 
tent breakthrough seizure activity and pro- 
gressive neurologic dysfunction. 

 
Gross Pathology: 
The right frontal lobe has a focal, firm, tan, 
irregular mass that is adhered to the regional 
dura and measures 2.3 x 3 x 3.3 cm. The re- 
gional cerebral gyri are expanded (edema). 
Impression smears are obtained. 

 
The fixed brain is sectioned. In the right 
frontal lobe, there is an irregular, firm, tan 
mass with a midline shift and regional paren- 
chymal expansion. 

Laboratory Results: 
Impression smear cytology of brain mass: 
Smears are highly cellular and contain large 
numbers of round, oval and polygonal cells 
with abundant cytoplasm and well-defined 
cell borders. Cells contain large amounts of 
finely granulated, eosinophilic to ampho- 
philic or basophilic cytoplasm. Nuclei are 
frequently eccentrically placed, round to oval 
and monomorphic with single or indistinct 
nucleoli. There is marked anisocytosis and 
mild anisokaryosis. 

 
Microscopic Description: 
One section of rostral cerebrum is examined. 
Extending from and expanding the lep- 
tomeninges, infiltrating into the regional cer- 
ebral cortex, there is a plaque-like, irregular, 
unencapsulated, mildly infiltrative neoplasm 
measuring approximately 1.8 x 1.0 cm. The 
neoplasm is comprised of large round, oval 
and polygonal cells forming sheets and sup- 
ported by a scant, fibrovascular stroma. Neo- 
plastic cells have well defined cell borders 
and contain abundant cytoplasm with densely 
packed eosinophilic granules. Nuclei are fre- 
quently eccentric, round, oval and sometimes 
angular, exhibiting mild pleomorphism (up to 
2-fold) with finely stippled chromatin and an 
indistinct or single central nucleolus. There 
are zero mitoses in ten 40x (2.37 mm2) high 
power fields. The leptomeninges within and 
around the tumor undergoes fibrosis, with 
multifocal regions of chondroid metaplasia. 
The regional infiltrated cortex exhibits paren- 
chymal rarefaction, vacuolation, increased 
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numbers of small caliber vessels lined by hy- 
pertrophied endothelial cells, increased num- 
bers of glial cells comprised of microglial (in- 
cluding Gitter cells) and astrocytes. Multifo- 
cally, dilated, eosinophilic axons are ob- 
served (spheroids). Occasional foci of kar- 
yorrhectic debris, amorphous eosinophilic 
material and hemorrhage are present (necro- 
sis). Rare perivascular aggregates of inflam- 
matory cells are observed throughout the pa- 
renchyma and leptomeninges, comprised of 
lymphocytes, plasma cells and fewer macro- 
phages containing golden brown, granular 
pigment (hemosiderin). Small vessels are in- 
frequently mineralized. 

Contributor’s Morphologic Diagnoses: 
Brain (rostral cerebrum): Granular cell tumor 
with regional infiltration, edema, gliosis, and 
leptomeningeal fibrosis with chondroid met- 
aplasia 

 
Special stains: Cytoplasmic granules are PAS 
positive and diastase resistant 

 
Contributor’s Comment: 
Granular cell tumors (GCTs) are most com- 
mon in the meninges of the cerebrum in 
dogs.2 In dogs, these tumors are typically su- 
pratentorial and extra-axial, plaque-like and 
infiltrative, however, can also cause diffuse 

 
 

 
Figure 1-1. Cerebrum, dog. A plaque-like mass centered on the rostral surface of the right frontal lobe extends caudally along 
the parietal lobe and medially along the falx cerebri (Fig 1,2). The right frontal lobe has a firm tan, mass that is adhered to the 
dura and measures 2.3 x 3 x 3.3 cm. The regional cerebral gyri are expanded (edema). (Fig 3-5). 
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thickening of the meninges.2 GCTs are typi- 
cally unilateral, which can result in midline 
shifts caused by cerebral edema (as in this 
case). There are few reports of GCTs in the 
peripheral nervous system of dogs.4 These tu- 
mors are characteristically comprised of large 
cells with abundant, granular eosinophilic cy- 
toplasm.2 The granular appearance of the cy- 
toplasm is thought to be due to the presence 
of abundant lysosomes.2 The cell of origin is 
unknown and is disputed in the literature.2,5 It 
has been suggested that GCTs represent a 
common phenotype expressed by a variety of 
tumor cells.1,3 Tumors that can exhibit granu 
lar changes are many and include meningio- 
mas and other primary tumors of the CNS, 
paragangliomas, schwannomas, neurofibro- 
mas, leiomyomas, hibernomas, fibroxan- 
thomas and rhabdomyomas.4 In humans, pe- 
ripheral GCTs are of Schwann cell origin, 
while intracranial GCTs are derived from as- 
trocytes and pituicytes,5 commonly occurring 
within the infundibulum or neurohypophy- 
sis.3 Granular cells are frequently observed in 
other types of primary brain tumors,2 which 
may reflect a nonspecific metabolic transfor- 
mation.3 A granular cell component has been 
reported in some human astrocytomas, men- 
ingiomas, and oligodendrogliomas.3,5 

The imaging appearance of this tumor is 
characterized by strong, uniform, contrast en- 
hancement and T1 weighted hyperintensity, 
as observed in this case.2 The presence of T1 
weighted hyperintensity in GCTs is consid- 
ered a useful diagnostic feature.2 These tu- 
mors can also be hyperintense on T2 
weighted and FLAIR images,1,2 however, this 
mass was predominantly T2 isointense to 
faintly hypointense with patchy FLAIR hy- 
perintensities. Additional useful imaging fea- 
tures include a plaque-like distribution pat- 
tern, peritumoral edema with a mass effect, 
meningeal involvement and an absence of 
bone involvement.1 These characteristics are 
not unique to the GCT, thus must be inter- 
preted with caution, as GCT represents an ex- 
tremely rare neoplasm of the canine central 
nervous system.1 

 
Granular cell tumors typically stain strongly 
with PAS and are diastase resistant.1-5 With 
immunohistochemistry, the granules are im- 
munoreactive for ubiquitin,2,3 with variable 
immunoreactivity for Vimentin, S-100, α 1- 
antichymotrypsin and α 1-antitrypsin.2,3 

GCTs are consistently negative for GFAP, 
pancytokeratins, leukocyte and macrophage 
markers.3 The uniform positive ubiquitin 
staining may indicate cytosolic proteosome 
degradation activated by ubiquitin dependent 

 

 
Figure 1-2. Cerebrum, dog. Impression smears of the mass. (Photo courtesy of: Animal Medical Center, 510 East 62nd St. New 
York, NY 10065. http://www.amcny.org) 
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processes or breakdown of proteins facili- 
tated by protein-ubiquitin conjugates medi- 
ated by the endosome-lysosome system.3 

Staining of granules with anti-proteinases (α- 
1 antitrypsin and chymotrypsin) was initially 
thought to reflect a possible histiocyte origin, 
however, these findings are of limited speci- 
ficity and histiocytic origin is not considered 
likely.3 Ultrastructural evaluation reveals that 
the granular cytoplasm contains densely 
packed autophagosomes containing residual 
and dense bodies, irregular and membrane 
bound granules, multivesicular bodies, empty 
vesicles and membrane-like whorls.2,3 Lyso- 
somal accumulation is thought to be second- 
ary to cellular degeneration, lysosomal en- 
zyme defects and autophagy.5 Schwann or 

meningeal cell origin is considered less likely 
due to the lack of desmosomal or gap junc- 
tions as well as peripheral basal lamina.2 

 
Fibrosis was prominent in the regional lep- 
tomeninges in this case, and the presence of 
abundant collagenous tissue has been previ- 
ously reported in canine GCTs.3 In one case 
series, spindle shaped cells entrapped within 
collagenous tissue were hypothesized to tran- 
sition to the large granular cells outside of the 
collagenous extracellular matrix.3 GCTs 
grow slowly and rarely metastasize,4 and in 
this case, the tumor was documented to be 
present for a period of 2 years following ra- 
diation therapy. These tumors are described 
in numerous other species, including people, 

 

 
Figure 1-3. Cerebrum, dog. The neoplasm is comprised of large round, oval and polygonal cells in sheets. (Figs. 8,9) Cytoplasmic 
granules are PAS positive (Fig 10) and diastase resistant (Fig 11) (Photo courtesy of: Animal Medical Center, 510 East 62nd St. 
New York, NY 10065. http://www.amcny.org) 
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horses, rats, cats, ferrets and birds.5 Common 
locations include the lungs in horses, the 
tongue in dogs and the meninges in rats.5 In 
rats, GCTs are the most common primary 
CNS tumor.1,3,4 Ultrastructural and morpho- 
logical evidence in rats suggests that intracra- 
nial GCTs originate from arachnoid cells of 
the meninges.1,3 

 
Contributing Institution: 
Animal Medical Center, 510 East 62nd St. 
New York, NY 10065. 
http://www.amcny.org 

 
JPC Diagnosis: 
Leptomeninges and cerebrum: Granular cell 
tumor. 

 
JPC Comment: 
There are a few recent publications on this 
uncommon neoplasm in novel species. This 
week’s moderator, MAJ Daniel Finnegan, 
described a meningeal granular cell tumor in 
a green tree python.2 Reifinger et al. docu- 
mented another case of granular cell tumor in 
the abdominal cavity of a snake.6 These cases 
both had PAS positive and diastase resistant 
cytoplasmic granules, confirmed to be phag- 
olysosomes on electron microscopy. These 
were the first two documented granular cell 

 

Figure 1-4. Cerebrum, dog. There is fibrosis of the lep- 
tomeninges which extends into the neoplasm (Fig. 12) 
(HE, 400X) (Photo courtesy of: Animal Medical Center, 
510 East 62nd St. New York, NY 10065. 
http://www.amcny.org) 

 

 
Figure 1-5. Cerebrum, dog. At the advancing edge of 
the neoplasm, there is parenchymal rarefaction and 
gliosis. (HE, 400X) (Photo courtesy of: Animal Medical 
Center, 510 East 62nd St. New York, NY 10065. 
http://www.amcny.org) 

tumors in snakes, and granular cell tumors 
are rarely reported in non-mammalian spe- 
cies. 

 
Granular cell tumors are characteristically 
compressive and non-infiltrative neoplasms. 
This case is unique in its infiltrative growth 
pattern; the moderator and participants dis- 
cussed that this might be due to the chronicity 
or size of the neoplasm. 

 
The contributor described the common 
presentations of granular cell tumors in mam- 
malian species. A recent study demonstrated 
the propensity for rabbits to develop testicu- 
lar granular cell tumors.7 In 52 rabbits with 
testicular tumors, 63% were granular cell tu- 
mors, and 11 of 36 had bilateral granular cell 
tumors.7 While other studies cite interstitial 
cell tumors as the most common testicular tu- 
mor in rabbits, this study suggests that gran- 
ular cell tumors may be more common. 
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CASE II: 

 
Signalment: 
7-month-old, female spayed, boxer dog (Ca- 
nis familiaris) 

 
History: 
The patient presented to their veterinarian for 
a 3-month history of pollakiuria character- 
ized by voiding small volumes of urine every 
30-60 minutes. Cystocentesis of the patient’s 
bladder yielded small quantities of foul- 
smelling urine which upon urinalysis, con- 

tained markedly increased numbers of leuko- 
cytes (pyuria) and erythrocytes (hematuria). 
Aerobic bacterial culture of the urine isolated 
large numbers of Escherichia coli. Despite 
antibiotic therapy for several weeks, pollaki- 
uria persisted. Ultrasonographic and radio- 
graphic assessment of the urinary bladder re- 
vealed a severely and irregularly thickened 
bladder mucosa; there was no overt evidence 
of cystoliths. An incisional biopsy of the uri- 
nary bladder was taken and submitted for his- 
topathology. 

 
Gross Pathology: 
The bladder mucosa was markedly thickened 
by multifocal-to-coalescing, poorly demar- 
cated, firm, pale tan, polypoid masses. 

 
Laboratory Results: 
No laboratory results reported. 

 
Microscopic Description: 
Urinary bladder: Expanding the superficial 
aspect of the urinary bladder lamina propria 
and elevating the overlying urothelium is a 
large, poorly demarcated, densely cellular, 
plaque-like mass composed of dense sheets 
of large macrophages. These large macro- 
phages have abundant cytoplasms that are 
packed with innumerable coarse eosinophilic 
granules and frequently contain one to three, 
5-15 μm, pale eosinophilic, finely granular 
intracytoplasmic inclusions. Multifocally 
scattered throughout the dense sheets of mac- 
rophages are small aggregates of lympho- 
cytes, plasma cells, and neutrophils. The 

 

Figure 2-1. Urinary bladder, dog. A section of urinary 
bladder contains a mildly hyperplastic mucosa overly- 
ing a markedly expanded submucosa. (HE 6X) 
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urothelium overlying the mass is multifocally 
eroded and has small-to-moderate numbers 
of lymphocytes and neutrophils percolating 
throughout. The lamina propria underlying 
the mass is moderately expanded by clear to 
pale eosinophilic wispy fluid (edema). 

 
100% of the large macrophages comprising 
the plaque-like mass exhibit strong cytoplas- 
mic and membranous immunolabelling with 
Iba1. 

 
The intracytoplasmic granules and inclusions 
within the macrophages are all strongly PAS- 
positive. The granules and inclusions do not 
stain positively with Toluidine blue, Luxol 
fast blue, Giemsa, Von Kossa, or Prussian 
blue stains. There is no overt evidence of 
acid-fast organisms within these macro- 
phages upon application of Ziehl-Neelsen 
and Fite-Faraco stains. 

 
Contributor’s Morphologic Diagnoses: 
Urinary bladder: Severe, locally extensive, 
chronic, granulomatous cystitis with myriad 
intracytoplasmic PAS-positive granules and 

 

Figure 2-2. Urinary bladder, dog. The submucosal infil- 
trate is composed of numerous macrophages (HE, 
400X). (Photo courtesy of: Cornell University School of 
Veterinary Medicine; https://www.vet.cornell.edu/de- 
partments/biomedical-sciences/section-anatomic-pa- 
thology). 

inclusions, lamina propria edema, and multi- 
focal epithelial erosion 

 
Contributor’s Comment: 
Histopathology of the submitted urinary 
bladder mass revealed expansion of the lam- 
ina propria by a large plaque-like aggregate 
of large macrophages filled with abundant in- 
tracytoplasmic PAS-positive granules and in- 
clusions. These microscopic findings, when 
viewed in conjunction with the signalment of 
the patient and the submitted clinical history, 
were deemed most consistent with a diagno- 
sis of malakoplakia. Granular cell tumor and 
mycobacteriosis were also considered differ- 
ential diagnoses prior to positive immuno- 
histochemistry results for Iba1 (discounting a 
granular cell tumor) and the absence of overt 
acid-fast organism upon application of addi- 
tional histochemical stains (discounting my- 
cobacteriosis). 

 
Malakoplakia is an uncommon granuloma- 
tous disease that has been reported in several 
veterinary species including dogs2,3,6,123 

cats1,4,10, pigs7,14, and a Cynomolgus ma- 
caque (Macaca fascicularis)11. Malakoplakia 
typically manifests within the genitourinary 
tract (particularly the urinary bladder) but has 
been reported in a variety of other body sys- 
tems7,14,15. In humans, most cases of mala- 
koplakia occur in middle-aged women, with 
infrequent cases reported in children15. In the 
seven previously reported cases of mala- 
koplakia in dogs, all seven cases occurred in 
females with ages ranging from 6-weeks-old 
to 8-months-old2,3,6,13. In all of the other 
spontaneously occurring veterinary cases in 
which the full signalment was reported, all 
animals were female4,9,14. 

 
While the exact etiopathogenesis of mala- 
koplakia is still unclear, it has been putatively 
associated with recurrent bacterial infections, 
with the most commonly isolated bacteria be- 

442

http://www.vet.cornell.edu/de-
http://www.vet.cornell.edu/de-


ing E. coli (as in the present case)15. It is pos- 
tulated that females are over-represented in 
the current literature as they are more suscep- 
tible to urinary tract infections than males 5. 
Immunosuppression has also been implicated 
as a contributing factor in the development of 
this disease as many human patients with ma- 
lakoplakia are ailed by concurrent conditions 
that debilitate the immune system (e.g. ac- 
quired immunodeficiency syndrome and ne- 
oplasia) or are receiving immunosuppressive 
therapy15. 

 
Grossly, malakoplakia appears as firm tan to 
yellow-brown masses that vary in morphol- 
ogy from focal plaques to multifocal-to-coa- 
lescing nodules to locally extensive thicken- 
ings of the affected organ(s). The typical his- 
tological appearance of malakoplakia is exu- 
berant granulomatous inflammation charac- 
terized by dense sheets of large macrophages 
filled with abundant intracytoplasmic PAS- 
positive granules and inclusions (so-called 
‘von Hansemann-type macrophages’)15. 
Many have postulated that the PAS-positive 

 

 
Figure 2-3. Urinary bladder, dog. Macrophages contain 
numerous PAS-positive granules and inclusions (ar- 
rows). (PAS, 400X). (Photo courtesy of: Cornell Univer- 
sity School of Veterinary Medicine; 
https://www.vet.cornell.edu/departments/biomedi- 
cal-sciences/section-anatomic-pathology). 

 

 
Figure 2-4. Urinary bladder, dog. Macrophages demon- 
strate strong immunopositivity for IBA-1. (anti-IBA-1, 
400X). (Photo courtesy of: Cornell University School of 
Veterinary Medicine; https://www.vet.cornell.edu/de- 
partments/biomedical-sciences/section-anatomic-pa- 
thology). 

granules and inclusions within these macro- 
phages are the result of defective macrophage 
phagolysosome function and subsequent ac- 
cumulation of bacterial breakdown products 
within the cytoplasm15. While not present in 
all cases, small numbers of 3-8 μm basophilic 
intracellular and/or extracellular targetoid 
concretions termed ‘Michaelis-Gutmann 
bodies’ are scattered throughout regions of 
granulomatous inflammation; these concre- 
tions are thought to be pathognomonic for 
malakoplakia9. ‘Michaelis-Gutmann bodies’ 
stain positively with both Von Kossa and 
Prussian blue stains and are postulated to rep- 
resent concretions of organic matter, iron, 
and calcium derived from bacterial break- 
down products9. Von Kossa and Prussian 
blue stains did not highlight the presence of 
‘Michaelis-Gutmann bodies’ in the present 
case. 

 
The histological appearance of the macro- 
phages within malakoplakia lesions are strik- 
ingly similar to those found in cases of gran- 
ulomatous colitis of boxer dogs (GCB; also 
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known as histiocytic ulcerative colitis. GCB, 
similar to malakoplakia, is also associated 
with an exuberant granulomatous inflamma- 
tory response to E. coli 11. It is salient to note 
that all seven reported cases of malakoplakia 
in dogs (including the present case) occurred 
in brachycephalic breeds that have been 
known to develop GCB (Boxer, Pug, English 
Bulldogs, Staffordshire Bull Terrier, and 
French Bulldog) 2,3,6,13. The similarities be- 
tween GCB and malakoplakia are intriguing 
and certainly strengthen the hypothesis that 
malakoplakia may arise in individuals that 
possess macrophages that are unable to elim- 
inate certain E. coli pathotypes, resulting in 
persistent infections and macrophages be- 
coming laden with PAS-positive bacterial 
products. 

 
In summary, malakoplakia is an uncommon 
granulomatous disease that typically affects 
the genitourinary tract. Females, brachyce- 
phalic dog breeds, and young animals are 
over-represented in cases of malakoplakia 
within the current veterinary literature. While 
the exact etiopathogenesis of malakoplakia is 
unclear, both bacterial infection (namely E. 
coli) and immunosuppression are putatively 
associated with the development of this dis- 
ease. Given the various similarities between 
malakoplakia and granulomatous colitis of 

 
 

Figure 2-5. Urinary bladder, dog. Rare histiocytes con- 
tain aggregates of bacilli in their cytoplasm. (Giemsa, 
300X) 

boxer dogs (GCB), a genetic deficit that ren- 
ders macrophages unable to eliminate certain 
E. coli pathotypes may also be involved in the 
development of malakoplakia. Malakoplakia 
should be considered a differential diagnosis 
for urinary bladder masses, especially in 
young female dogs with a history of bacterial 
cystitis. 

 
Contributing Institution: 
Department of Biomedical Sciences, Section 
of Anatomic Pathology 
College of Veterinary Medicine 
Cornell University 
Ithaca, NY 
USA 

 
https://www.vet.cornell.edu/departments/bi- 
omedical-sciences/section-anatomic-pathol- 
ogy 

 
JPC Diagnosis: 
Urinary bladder, lamina propria: Cystitis, 
granulomatous, diffuse, severe. 

 
JPC Comment: 
The contributor provides an excellent com- 
ment on this uncommon condition in humans 
and select animal species. The term mala- 
koplakia is derived from the Greek words for 
soft (malacos) and plaques (placos). The con- 
dition was first described by Michaelis, Gut- 
mann, and von Hansemann in 1902-1903, 
and the key histologic features of this condi- 
tion still bear their names.8 Malakoplakia oc- 
curs more commonly in humans than in ani- 
mals, though it is still rare. In humans, the 
condition has been documented in the urinary 
tract, gastrointestinal tract, gall bladder, pan- 
creas, skin, reproductive tract (prostate, tes- 
tes, cervix, vulva), lungs, and other tissues.15 

In the gastrointestinal system, the most com- 
monly affected sites are the colon and rectum, 
and its occurrence in the colon has been asso- 
ciated with colon cancer.15 Cutaneous mala- 
koplakia more commonly occurs in adult 
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males and in organ transplant recipients on an 
immunosuppressive regimen.8 Cutaneous le- 
sions may present as papules, nodules, ulcers, 
or abscesses with draining tracts; occasion- 
ally, cutaneous lesions are associated with 
nonhealing surgical wounds.8 While E. coli is 
the most commonly isolated organism in hu- 
mans, certain types of patients may be prone 
to developing malakoplakia with a different 
organism. Rhodococcus equi, for instance, is 
commonly found in patients with acquired 
immunodeficiency syndrome.15 
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CASE III: 

 
Signalment: 
9-year-old spayed female canine (Canis fa- 
miliaris) 

 
History: 
Patient presented 6 months before for a mass 
in the ventral neck. It was diagnosed as a pos- 
sible abscess and Clavamox and Baytril were 
prescribed. 
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Today, patient presented for recheck with no 
improvement noted. She has difficulty walk- 
ing, generalized weakness and is hesitant to 
move. She is painful (4/5) and anxious (4/5). 
Differential diagnosis includes IVDD. 
Gross Pathology: 
The submandibular lymph nodes are enlarged 
bilaterally and asymmetrically. The left 
lymph node (7 x 3 x 2 cm) starts at the man- 
dibular ramus, is firm, movable and dark red 
in color. The right lymph node (4 x 1.5 x 1 
cm) has the same appearance. The cranial 
mediastinal lymph nodes are dark red in 
color, firm and enlarged (3 x 1, 5 x 4 cm nod- 
ules). On cut section, all the affected lymph 
nodes are solid, firm, and diffusely red. The 
lymph node architecture is partially effaced. 
Severe degree of spondylosis T13-L1, L2-L3, 
L4-L5 and L-S junction, extending into the 
vertebral canal. The ventral thoracic verte- 
brae also show a mild degree of spondylosis. 
No IVDD was found. 

 
Laboratory Results: 
No laboratory results reported. 

 
Microscopic Description: 
Lymph node, one section. Approximately 
90% of the entire architecture is effaced by 
an expansile area characterized by locally ex- 
tensive proliferation of anastomosing, varia- 
ble sized and dilated slit openings resembling 
vascular channels. These channels are lined 
by plump endothelial cells. There are small 

 
 
 

Figure 3-1. Mandibular lymph node, dog. A single 
transverse section of lymph node is submitted for exam- 
ination. Approximately 50% of the node is effaced and 
markedly congested. (HE, 6X) 

areas of necrosis, characterized by intense eo- 
sinophilic, amorphous material, admixed 
with scattered macrophages, rare lympho- 
cytes and plasma cells. These vascular chan- 
nels are filled with RBCs and scattered clus- 
ters of neutrophils and macrophages. Pig- 
ment-laden macrophages are common 
throughout (hemosiderin). The remaining 
normal nodal architecture is compressed with 
cortex and paracortex characterized by coa- 
lescing lymphoid follicles with starry sky ap- 
pearance (tingible body macrophages). The 
lymphoid follicles have prominent germina- 
tive centers. 

 
Contributor’s Morphologic Diagnoses: 
DDX: Lymph node: locally extensive vascu- 
lar proliferation with lymphoid atrophy com- 
patible with nodal plexiform vasculopathy. 

 
Contributor’s Comment: 
Benign, non-neoplastic and neoplastic vascu- 
lar proliferations in the lymph nodes have 
been described in different animal species. 

 
The differential diagnosis for vascular prolif- 
erations in a lymph node includes nodal angi- 
omatosis, plexiform vasculopathy, nodal he- 
mangioma, nodal vascular hamartoma, and 
nodal telangiectasis. All of them are of un- 
known cause and usually present as inci- 
dental, benign proliferations that will efface 
and replace the normal lymphoid architec- 
ture. 
Plexiform vasculopathy, also known as vas- 
cular transformation of lymph nodes, is an 
endothelial proliferation within lymph nodes 
and has been reported in humans, cats, and 
one dog with thyroidal carcinoma.5 It is an 
uncommon lesion, and it is still unknown 
whether the proliferating endothelial cells are 
of lymphatic or blood origin. The literature 
describes it as a lymphadenopathy with vas- 
oproliferation and lymphoid atrophy.7 The le- 
sions are usually focal but can involve most 
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of the lymphoid tissue. The lesions are dis- 
tinct from more common findings such as 
lymphosarcoma, reactive lymphadenopa- 
thies, and normal lymph nodes. 

 
The pathogenesis of this disease is unclear in 
both the human and animal literature. 
The description of plexiform vasculopathy 
has been limited to cats. The human equiva- 
lent to this disease is nodal angiomatosis. 
There is one paper that describes a lymphad- 
enopathy in a dog associated with thyroid 
carcinoma. The histological description was 
similar to that of nodal angiomatosis and 
plexiform vasculopathy.3 

 
Clinical signs are nonspecific and generally 
present as secondary signs to some sort of 
lymphadenopathy in the cervical or inguinal 
region. Lymph nodes are enlarged and in 
cross section they have a fleshy tan to purple 
appearance.7 Some of these signs include 
dyspnea, nonpainful masses, and difficulty 
swallowing. Histopathology shows severe 
loss of lymphoid tissue distributed through- 
out the lymph node and replaced by accumu- 
lations of erythrocytes within a capillary-like 

proliferation of endothelial cells. The endo- 
thelial cells are characterized by small, elon- 
gated, basophilic nuclei and inconspicuous 
cytoplasm. Mitotic figures were rare through- 
out.5,7 

 
Cytoplasmic expression of CD31 and factor 
VIII-related antigens were found via im- 
munohistochemistry in all proliferated in- 
tranodal endothelial cells. A recent study 
used the lymphendothelial-specific marker, 
Prox-1, to determine the origin of the intran- 
odal endothelial cells. The results of this 
study determined that the proliferative endo- 
thelial cells were of lymphatic origin.5 

 
There are a variety of possible pathogenic ex- 
planations for plexiform vasculopathy in- 
cluding disturbances in drainage caused by 
tumors in the lymph node, thrombosis, severe 
congestive heart failure, or angiogenic fac- 
tors released by a neoplastic process. A simi- 
lar lesion of lymphatic proliferation has been 
experimentally induced in rabbits via incom- 
plete occlusion of veins combined with com- 
plete obstruction of lymphatics, or just by the 
complete obstruction of lymphatics.5 The 

 
 

 
Figure 3-2. Mandibular lymph node, dog. Proliferations of endothelial cells form blood filled vascular channels within affected 
areas of the node. (HE, 372X) 
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later stages of human Acquired Immune De- 
ficiency Syndrome (AIDS) is characterized 
by progressive lymphoid atrophy with vascu- 
lar proliferation. However, the vascular pro- 
liferation associated with AIDS involves 
post-capillary venules with subsequent se- 
vere immune deficiency which does not oc- 
cur in plexiform vasculopathy.7 

 
Differentials should include other intranodal 
vascular proliferations such as angiomatous 
hamartoma, nodal lymphangiomatosis, he- 
molymph nodes, and nodal hemangiomas. 
However, none of these have been described 
in dogs. 

 
Welsh et al. (1999) reported that complete ex- 
cision of a retropharyngeal lymph node ap- 
pears curative. Post-operative complications 
appeared to be limited to edema in the region 
of the excised lymph node. 

 
Contributing Institution: 
College of Veterinary Medicine, Western 
University of Health Sciences, 309 E. Second 
street 
Pomona, California 91766 

 
http://www.westernu.edu/xp/edu/veteri- 
nary/staff.xml 

 
JPC Diagnosis: 
Lymph node: Vasculopathy and hemorrhage, 
severe, with marked fibrin deposition and ex- 
tramedullary hematopoiesis. 

 
JPC Comment: 
Two major categories of non-neoplastic vas- 
cular proliferations within lymph nodes are 
angiomyomatous hamartoma and vascular 
transformation of sinuses.8 In vascular trans- 
formation of sinuses, there is capillary prolif- 
eration within subcapsular and intermediate 
sinuses accompanied by variable amounts of 
fibrosis and lymphoid atrophy.8 Variants of 
vascular transformation of sinuses include 

plexiform vasculopathy, nodal angiomatosis 
in humans, and angiomatous hyperplasia in 
Wistar rats.8 While not completely known, 
vascular transformation of sinuses is thought 
to occur due to occlusion of lymphatic or ef- 
ferent veins which causes edema in the drain- 
ing region. Plexiform vasculopathy is most 
commonly documented in the cervical lymph 
nodes of cats,5,9 and in some cases, has been 
associated with malignant transformation to 
angiosarcoma.9 

 
Angiomyomatous hamartoma, which has 
been documented in humans, a cynomolgus 
macaque, and a dog, involves proliferation of 
vessels with muscular walls within the cortex 
of the lymph node. The pathogenesis of angi- 
omyomatous hamartoma is unknown. A re- 
cent report described the incidence of both 
angiomyomatous hamartoma within the hilus 
and vascular transformation within the sub- 
capsular and medullary sinuses in the cranial 
mediastinal lymph nodes of a 1-year-old bea- 
gle in a toxicity study.8 

 
This case generated significant discussion 
among the moderator and conference partici- 
pants. In some regions of the node, the pres- 
ence of well-defined plexiform channels is 
consistent with nodular plexiform vasculopa- 
thy. In other regions, collagen and smooth 
muscle actin within vascular walls (con- 
firmed via histochemical and immunohisto- 
chemical staining) are more prominent than 
would be expected in plexiform vasculopathy 

 

Figure 3-3. Mandibular lymph node, dog. Vascular pro- 
liferation expands the subcapsular sinus. The adjacent 
cortex is moderately hyperplastic with numerous tingi- 
ble body macrophages. (HE, 311X) 
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but not enough to be consistent with a diag- 
nosis of angiomyomatous hamartoma. The 
moderator and conference participants also 
discussed another prominent feature of this 
case: hemorrhage and fibrin thrombi. Partici- 
pants discussed how polymerized fibrin can 
induce endothelial proliferation and fibrosis, 
and in this case, might serve as a potential 
cause for secondary vasculopathy within the 
node. Thus, hypercoagulability (i.e. due to 
protein losing nephropathy) was discussed as 
a potential differential. 

 
Another differential considered less likely by 
the moderator and participants is neoplastic 
transformation. Hemangiomas are generally 
well circumscribed and expansile,8 features 
which are lacking in this case. Hemangioen- 
dothelioma and hemangiosarcoma also fea- 
ture a high mitotic rate, cellular atypia, and 
invasion.8 Additionally, primary vascular ne- 
oplasia within lymph nodes is uncommon; in 
a study of 439 vascular tumors in dogs, only 
one primary tumor occurred in a lymph node, 
and only 2 of 63 angiosarcomas metastasized 
to lymph nodes.2 In a separate study of 175 
beagles that were controls in a toxicology 
study, however, hemangiomas were found in- 
cidentally in 9 popliteal and 1 hepatic lymph 
node, demonstrating that these may not be as 
uncommon as the literature suggests.4 

 
Another feature discussed by the moderator 
and participants in this case is extramedullary 
hematopoiesis, consisting of lymphoid and 
erythroid precursors, megakaryocytes, and 
nurse cells. 
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CASE IV: 
 

Signalment: 
An 8-month-old spayed female Boxer dog 
(Canis familaris) 

 
History: 
The dog was referred by a practitioner to a 
specialist veterinary center for management 
of acute spontaneous pneumothorax. On 
presentation to the specialist clinic the dog 
was tachypneic (64 bpm), hypoxemic (pulse 
oximetry 66% without oxygen supplementa- 
tion, 92% with oxygen supplementation), and 
had increased respiratory effort with an ab- 
dominal component to the respiration. Lung 
sounds on the right side were dull on auscul- 
tation. Initial bloodwork revealed a mixed ac- 
idosis (pH 7.299; normal 7.35 – 7.45), with 
mild hemoconcentration (57%) and normal 
total solids (6.6 g/dl). Blood glucose was nor- 
mal (4.7 g/dl), with no evidence of lactic aci- 
dosis (1.9 mmol/L; normal < 2.5 mmol/L). 

 
Computed tomography (CT) showed multi- 
ple variably sized bullae in the right middle 
lung lobe, and partial or complete atelectasis 
of all remaining lung lobes. The dog was 

 
 

Figure 4-1. Right lung, dog. There was bilateral pneu- 
mothorax at autopsy, with atelectasis of all lung lobes. 
(Photo courtesy of: Department of Veterinary Clinical 
and Diagnostic Sciences, Faculty of Veterinary Medi- 
cine, University of Calgary, 3280 Hospital Dr. NW, Cal- 
gary, Alberta T2N 4Z6, Canada, http://vet.ucalgary.ca) 

anesthetized for surgery but died from cardi- 
opulmonary arrest during pre-surgical thora- 
cocentesis. 

 
Gross Pathology: 
Necropsy examination revealed severe bilat- 
eral pneumothorax, with marked atelectasis 
of all lung lobes. The right middle lung lobe 
was small, pale and flaccid, with numerous 
collapsed, coalescing pleural bullae along its 
ventral and ventrocaudal margins; rupture of 
these bullae was presumed to be the source of 
the pneumothorax. The cartilage of the lobar 
bronchus supplying the right middle lung 
lobe was thin, flimsy and easily compressed 
when compared with bronchi supplying other 
lobes. In transverse section its lumen was slit- 
shaped rather than circular. In addition, an 
aberrant right subclavian artery arose in com- 
mon with the left subclavian artery, forming 
a bisubclavian trunk. The right subclavian ar- 
tery passed dorsal to the esophagus and com- 
pressed it. 

 
Laboratory Results: 
No laboratory results reported. 

 
Microscopic Description: 
This section from the right middle lung lobe 
is severely malformed and difficult to recog- 
nize as lung. It consists predominantly of a 
thick fibrovascular trabecular network outlin- 
ing collapsed; empty spaces lined by a simple 
cuboidal to simple squamous epithelium. The 
lining epithelium is multifocally lost (auto- 
lytic artifact), and cystic spaces frequently 
contain rafts of sloughed epithelial cells. The 
fibrovascular trabeculae are variably thick, 
ranging in width from 20 to 300 microns, and 
contain many thin-walled blood vessels lined 
by mature endothelial cells, numerous miner- 
alized areas, and scattered lympho- 
plasmacytic foci. 
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Multifocally, recognizable bronchiole-like 
structures are present. These are lined by sim- 
ple cuboidal epithelium and have irregular 
bundles of smooth muscle in their walls. 
They are frequently adjacent to profiles of 
large arteries and veins (pulmonary vessels). 

 
The section also contains a malformed bron- 
chus surrounded by a nearly continuous layer 
of smooth muscle. Cartilage plates in this 
bronchus are irregular and present only 
around one half of the airway's circumfer- 
ence. The cartilage is immature, with small 
chondrocytes, less chondroid matrix and 
smaller lacunae (when compared with other 
lung sections from this dog and an age- 
matched control dog). Bronchial glands are 
fewer in number (when compared with other 
lung sections from this dog and the control 
dog). 

 
Contributor’s Morphologic Diagnoses: 
Lung: Congenital pulmonary airway malfor- 
mation (CPAM)-like lesion 

 
Contributor’s Comment: 
The differential diagnosis for a single mal- 
formed lung lobe in a dog includes congenital 

 
 

Figure 4-2. Right lung, dog. The right middle lung lobe 
was small, pale and flaccid. (Photo courtesy of: Depart- 
ment of Veterinary Clinical and Diagnostic Sciences, 
Faculty of Veterinary Medicine, University of Calgary, 
3280 Hospital Dr. NW, Calgary, Alberta T2N 4Z6, Can- 
ada, http://vet.ucalgary.ca) 

 

 
Figure 4-3. Right subclavian artery, dog. The right sub- 
clavian artery passes dorsal to and compresses the 
esophagus. (Photo courtesy of: Department of Veteri- 
nary Clinical and Diagnostic Sciences, Faculty of Veteri- 
nary Medicine, University of Calgary, 3280 Hospital Dr. 
NW, Calgary, Alberta T2N 4Z6, Canada, http://vet.ucal- 
gary.ca) 

 

lobar emphysema (CLE), a congenital pul- 
monary sequestration, and congenital pulmo- 
nary airway malformation (CPAM). Based 
on gross and histologic findings, the first two 
potential diagnoses can be ruled out in this 
dog. CLE requires overinflated alveoli or hy- 
perplastic alveoli, whereas the affected lobe 
in this dog lacks alveoli. A congenital pulmo- 
nary sequestration lacks, by definition, any 
connection with the tracheobronchial tree. In 
this dog the affected lobe had a lobar bron- 
chus, although it was flattened. Therefore, a 
presumptive diagnosis of CPAM-like lesion 
was made based on the similarity of this 
dog’s lesions to described human lesions of 
CPAM and exclusion of other potential diag- 
noses. 

 
The term CPAM refers to a spectrum of hu- 
man airway malformations characterized by 
abnormal development of various portions of 
the tracheobronchial tree.16 Formerly called 
congenital cystic adenomatoid malfor- 
mations, CPAMs are well-recognized and 
relatively common in people. All types of 
CPAM are characterized by multiple irregu- 
lar pulmonary cystic structures lined by var- 
ying types of epithelium. CPAMs in people 
are generally subdivided into five types based 
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Figure 4-4. Right lung, dog. One section of the right lung 
is submitted for examination. Normal alveolar archi- 
tecture is not present. (HE, 7X) 

on the anatomic site of the malformation.16 

These are the: proximal tracheobronchial tree 
(type 0); bronchial/proximal bronchiolar re- 
gion (type 1); bronchiolar region (type 2); ter- 
minal bronchiolar/alveolar duct region (type 
3); and alveoli (type 4). There may be overlap 
between different types, and other classifica- 
tion systems have been proposed.11,13 

 

The malformations in the dog in this case re- 
port shared overlapping features of human 
CPAM types 2 and 4. Type 2 CPAM is char- 
acterized by the presence of numerous 2-15 
mm diameter parenchymal cysts. These con- 
sist of dilated bronchiole-like structures lined 
by cuboidal to columnar epithelium but with 

mucus-producing cells generally absent. 
Other congenital abnormalities, including 
cardiovascular and renal malformations may 
be present in humans. (Interestingly, this dog 
had a malformation of the right subclavian ar- 
tery, although the clinical significance of this 
was uncertain.) Type 4 CPAM is character- 
ized by larger cysts, typically found toward 
the periphery of the lobe. These are lined by 
a mixture of flattened or rounded alveolar lin- 
ing cells, and occasionally a low cuboidal ep- 
ithelium. Both type 2 and type 4 human 
CPAMs typically affect a single lung lobe, as 
in this dog, and have a good prognosis after 
surgical resection.16,17 

 
Like CPAM, congenital lobar emphysema 
(CLE) is also a well-recognized congenital 
lung malformation in humans.7,8,17 It is char- 
acterized by overinflation of a single lung 
lobe due to partial obstruction of the bron- 
chus supplying that lobe.10 This obstruction 
can result from numerous causes, including 
malformation of the bronchus, external com- 
pression of the bronchus by masses or vascu- 
lar anomalies, or internal obstruction of the 

 

 
Figure 4-5. Right lung, dog. The lobe is composed of airway-like structures lined by cuboidal epithelium separated by dense 
fibrous stroma. There is no alveolar parenchyma. (HE, 85X) 
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bronchial lumen by mucus plugs or granula- 
tion tissue.8 Regardless of the cause, the re- 
sult is significant lobar overinflation as the 
partially obstructed bronchus acts as a one 
way valve and traps air. In the dog described 
in this case report the lobar bronchus was 
malformed and partially collapsed, consistent 
with one cause of CLE. However, in human 
CLE, alveoli are distended but are otherwise 
histologically normal, and fibrosis, inflam- 
mation or necrosis are rarely seen.8 This is 
significantly different from the histologic 
lung changes in the dog described in this case 
report. 

 
CLE has been previously reported several 
times in dogs,1,5,6,11,12,14,15,19,20 and the dog de- 
scribed in this report has several features in 
common with many reported canine cases of 
CLE: the right middle lung lobe was affected; 
a bronchial structural abnormality was pre- 
sent; bullae and pneumothorax were a fea- 
ture; and the dog was less than six months 
old. However, this dog’s most significant his- 
tologic lesions (absence of recognizable alve- 
olar architecture, with marked interstitial fi- 
brosis) were incompatible with the simple al- 
veolar hyperinflation expected in CLE. 
Seven human pediatric pathologists were 
consulted on this case and all agreed that this 
dog did have a congenital lung malformation 
and that it was not CLE. 

 
This case highlights that there are multiple 
types of congenital lung malformations in 
dogs. It is possible that some reported canine 
cases of CLE may, in fact, represent CPAM- 
like lesions. Among published canine CLE 
reports, two describe histologic features that 
are suggestive of CPAM type 24 or type 4.11 

It may be that these were cases of CPAM-like 
lesions that were interpreted to be CLE, or 
that forms of pulmonary disease that share 
features of both diseases exist in dogs. There 
are numerous reports of human congenital 
lung lesions fulfilling criteria for both CPAM 

and other congenital lung lesions,7 and this 
may also prove to be the case in dogs. 

 
It is important to recognize that not all con- 
genital lung malformations in dogs are CLE, 
and that this diagnosis should not be made 
based solely on imaging or the gross appear- 
ance of an affected lung lobe; CPAM and 
CLE must be distinguished histologically. In 
humans there are practical clinical reasons 
for making an accurate diagnosis of congeni- 
tal lung lesions. Most importantly, CPAM 
may progress to malignant neoplasia while 
CLE does not.5,7 Lobectomy is generally in- 
dicated for CPAM lesions, while CLE may 
resolve spontaneously and can often be man- 
aged conservatively unless it causes medias- 
tinal displacement or severe dyspnea.7 Be- 
cause CPAM-like disease in dogs has not 
been reported previously it is not possible to 
compare its treatment or prognosis with those 
of CLE. 

 
Contributing Institution: 
Department of Veterinary Clinical and Diag- 
nostic Sciences 
Faculty of Veterinary Medicine 
University of Calgary 
3280 Hospital Dr. NW 
Calgary, Alberta T2N 4Z6 
Canada 
http://vet.ucalgary.ca/ 

 
JPC Diagnosis: 
Lung: Congenital pulmonary airway malfor- 
mation with mineralization. 

 

Figure 4-6. Right lung, dog. There is multifocal miner- 
alization of the stroma surrounding airway-like spaces. 
(HE, 7X) 
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JPC Comment: 
The contributor provides an excellent review 
of congenital pulmonary airway malfor- 
mations, congenital lobar emphysema, and 
the differences between the two diagnoses. 

 
This week’s moderator described the six 
stages of development of the lung: embry- 
onic, pseudoglandular, canalicular, saccular, 
alveolar, and vascular maturation. Addition- 
ally, the moderator described that TTF-1 and 
HNF-3 are important transcription factors for 
early lung development. 

 
Congenital pulmonary abnormalities in vet- 
erinary species are rare, and one of the more 
common conditions is accessory lung devel- 
opment in ruminants.2,9 Accessory lungs are 
found in extrapulmonary locations, such as in 
the abdomen and subcutis.2,9 These lobulated 
masses consist of haphazardly arranged and 
variably differentiated pulmonary elements, 
including bronchi lined by ciliated respira- 
tory epithelium, alveoli, cartilage, and blood 
vessels.2,9 While composed of similar ele- 
ments, pulmonary hamartomas are different 
in that they are located within the lung. Pul- 
monary hamartomas are the most commonly 
diagnosed benign lung tumor in humans, typ- 
ically discovered as incidental findings on ra- 
diographs, and are also occasionally seen in 
ruminants.2,3 A recent article described a pul- 
monary hamartoma in a captive-bred, full- 
term elk calf found dead. The mass replaced 
the left caudal lung lobe, encompassed ap- 
proximately half of the thorax, and com- 
pressed the remaining lungs.2 

 
The moderator and conference participants 
also remarked on the presence of mineraliza- 
tion in this case; an explanation for minerali- 
zation was not readily apparent on H&E ex- 
amination. 
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WSC 2022-2023 Self-assessment 
Conference 21 

 

1. Granular cell tumors are universally positive for which of the following? 
a. IBA-1 
b. Ubiquitin 
c. S-100 
d. GFAP 

 

        2.  True or false? Malakoplakia is most commonly seen in female dogs. 
         a.  True 
         b.  False 
     

 
3.  Malakoplakia is most commonly seen in which organ in dogs? 

a. Oral cavity. 
b. Vagina 
c. Urinary bladder 
d. Stomach 

 

4. True or false?  The large numbers of mitotic figures seen in nodal plexiform vasculopathy 
hinders its differentiation from metastatic hemangiosarcoma. 

a. True  
b. False 

 
5. Which of  the following may progress to  malignant neoplasia? 

      a. Congenital pulmonary airway malformation 
      b. Congenital lobar emphysema 
      c.  Both 
      d.  Neither 

      

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
Adult, male, Belgian blue, Ox (Bos taurus) 

 
History: 
An adult Belgian blue bull was severely de- 
pressed, with severe bilateral keratoconjunc- 
tivitis, mucopurulent oculo-nasal discharge, 
and multifocal to coalescing erosive lesions 
on the muzzle. As the animal’s condition 
started to deteriorate rapidly, the decision to 
euthanize was taken by the owner. 

 
Gross Pathology: 
The animal was in poor body condition. 
There was bilateral conjunctivitis and multi- 
focal, scattered, round, alopecic cutaneous le- 
sions on the head. The oral mucosa exhibited 
multifocal, irregular to linear erosions, which 
were most pronounced on the tongue and the 
hard palate. The esophageal mucosa exhib- 
ited severe multifocal longitudinally oriented 
linear erosion and ulceration, with scattered 
multifocal hemorrhage. Generalized lym- 
phadenomegaly and hyperemia of the verte- 
bral rete mirabilis were also observed. 

 
Laboratory Results: 
PCR targeting the polymerase gene of AlHV- 
2 and OvHV-2 was carried out on samples 
from the tongue and lymph node. Both sam- 
ples yielded a positive result for OvHV-2 
DNA. 

Microscopic Description: 
Oral mucosa. Diffusely, affecting both small 
and larger vessels (both arteries and veins), 
there is mild to moderate perivascular inflam- 
mation, composed of lymphocytes, plasma 
cells and fewer macrophages. The endothe- 
lial cells are often hypertrophic with plump 
nuclei which protrude in the vascular lumen. 
The tunica media of medium and large-sized 
arteries is expanded by moderate to large 
numbers of inflammatory cells and, in some 
arteries, there is multifocal accumulation of 
bright eosinophilic material (fibrinoid necro- 
sis). The overlying oral mucosa shows fo- 
cally extensive moderate intracellular and in- 
tercellular edema and necrosis, with erosion 

 
 

Figure 1-1. Presentation, ox. A Belgian blue bull 
was severely depressed, with severe bilateral ker- 
atoconjunctivitis, mucopurulent oculo-nasal dis- 
charge, and multifocal to coalescing erosive le- 
sions on the muzzle. (Photo courtesy of: Depart- 
ment of Veterinary Pathology and Public Health, 
Institute of Veterinary Science, University of Liver- 
pool, Leahurst campus, CH64 7TE, UK. 
https://www.liverpool.ac.uk/vetpathology/) 
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of the epithelial layer and sloughing of the ep- 
ithelial cells and eosinophilic necrotic cellu- 
lar debris. There is also mild to moderate 
multifocal lymphoplasmacytic infiltration of 
the epithelium. Inflammation and severe hy- 
peremia are present in the superficial lamina 
propria, particularly extending between rete 
pegs. 

 
Contributor’s Morphologic Diagnosis: 
Oral mucosa: Moderate to severe diffuse sub- 
acute lymphoplasmacytic vasculitis with ero- 
sive stomatitis. 

 
Contributor’s Comment: 
Malignant catarrhal fever (MCF) is a viral 
disease which affects many different species 
of the order Artiodactyla, predominantly ru- 
minants. Currently, several different viruses 
are considered causative agents of MCF; 
those which have been classified all belong to 
the genus Macavirus (malignant catarrhal vi- 
rus), subfamily Gammaherpesvirinae and in- 
clude Alcelaphine gammaherpesvirus 1 
(AlHV-1), Alcelaphine gammaherpesvirus 2 
(AlHV-2), Ovine gammaherpesvirus 2 
(OvHV-2) and Caprine gammaherpesvirus 2 
(CpHV-2) (https://talk.ictvonline.org/taxon- 
omy/). These viruses, and others, including 
Ibex-MCF virus and another uncharacterized 

 

 
Figure 1-2. Tongue, ox. There are extensive ulcers 
on the tongue. (Photo courtesy of:  Department 
of Veterinary Pathology and Public Health, Insti- 
tute of Veterinary Science, University of Liverpool, 
Leahurst campus, CH64 7TE, UK. https://www.liv- 
erpool.ac.uk/vetpathology/) 

 

 
Figure 1-3. Palate, ox. There are extensive ulcers 
on the palate. (Photo courtesy of: Department of 
Veterinary Pathology and Public Health, Institute 
of Veterinary Science, University of Liverpool, 
Leahurst campus, CH64 7TE, UK. https://www.liv- 
erpool.ac.uk/vetpathology/) 

virus isolated from clinically affected white- 
tailed deer (WTD-MCFV) are responsible for 
natural outbreaks of MCF.4,8,13 Under exper- 
imental conditions, Hippotragine gam- 
maherpesvirus 1 (HipHV-1) induced MCF in 
rabbits, although naturally occurring infec- 
tions are not reported in this species.17 Gam- 
maherpesviruses of ruminants are highly cell- 
associated lymphotropic herpesviruses. The 
key features shared among all the maca- 
viruses, is the presence of the 15-A antigen 
epitope and high degree of similarity of the 
polymerase gene.13 

 
The MCF-associated viruses have a recog- 
nized reservoir host, for example, sheep and 
wildebeest for OvHV-2 and AlHV-1, respec- 
tively. In the reservoir host, these viruses are 
usually clinically silent in contrast to suscep- 
tible species, in which infection causes clini- 
cal disease. The severity of the clinical signs 
varies greatly according to the species af- 
fected; some animals, for example bison (Bi- 
son spp.) or Pere's David deer (Elaphurus da- 
vidianus), show a high susceptibility to dis- 
ease, while others such as the white-tailed 
deer (Odocoileus virginianus), appear to be 
more resistant.11 The main source of infection 
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Figure 1-4. Tongue, ox. There are large areas mu- 
cosal ulceration in the esophagus. (Photo courtesy 
of: Department of Veterinary Pathology and Pub- 
lic Health, Institute of Veterinary Science, Univer- 
sity of Liverpool, Leahurst campus, CH64 7TE, UK. 
https://www.liverpool.ac.uk/vetpathology/) 

is the reservoir host, in which infection is 
transmitted from adults to young animals at 
2-3 months of age, while clinically suscepti- 
ble species usually act as dead-end hosts; in 
the latter, however, vertical transmission and 
abortion has sporadically reported.5 Similar 
to other herpesvirus infections, the virus is 
shed through ocular and nasal discharges, 
which can then be inhaled or ingested via 
contaminated water or food. Even though the 
virus remains viable for only relatively brief 
periods outside the host animal, long distance 
transmission of OvHV-2 has been reported, 
causing MCF in bison.9 

 
Clinical signs of MCF are similar, regardless 
of the causative gamma herpesvirus, but can 
be highly variable between individual ani- 
mals. The most common and well-known ex- 
pression of clinical disease is the “head and 
eye” form, in which the main clinical signs 
comprise depression, fever, keratoconjuncti- 
vitis, oral ulceration, lymphadenopathy and 
rhinitis with nasal discharge. However, gas- 
tro-intestinal, urinary, and neurological signs 
can be observed.18 

 
Postmortem examination can reveal a wide 
range of lesions; bilateral keratoconjunctivi- 
tis, erosion of the nares with adhered crusts, 

and bilateral oculo-nasal discharge are typi- 
cal gross findings. Cutaneous lesions consist- 
ing of exanthemata with overlying crusting 
are described on the thorax, abdomen, ingui- 
nal regions, perineum, and, less often, on the 
head.13 In the gastrointestinal system the 
most common lesions are observed in the oral 
cavity. Erosive lesions develop first on the 
lips, especially close to labial commissure, 
then develop on the tongue before extending 
over the oral mucosa, from the gingiva to the 
palate.13 Similar lesions can be observed also 
in the esophagus, the forestomachs and abo- 
masum. The liver may show mild diffuse en- 
largement with multifocal pinpoint foci of 
white discoloration. Petechiae and erosions 
have also been described on the gall bladder 
mucosa. Respiratory lesions may be present, 
especially in the upper airway, ranging from 
mild congestion to fibrinous tracheobronchi- 
tis. Lesions in the urinary system are very 
characteristic and specific but are not always 
present; these consist of multifocal interstitial 
nephritis with infarcts giving a mottled ap- 
pearance to the kidneys. In the lower urinary 
tract, erosion and hemorrhage are reported on 
the mucosa of the renal pelvis and the urinary 
bladder. Lymphadenomegaly is very com- 
mon in most hosts and may be generalized or 
grossly affecting only a proportion of lymph 
nodes. Likewise, hemolymph nodes are af- 
fected and appear swollen. Edema of the me- 
ningeal vessels is also reported.18 

 
 
 
 

Figure 1-5. Oral mucosa, ox. A section of multifo- 
cally ulcerated oral mucosa is submitted. (HE, 6X) 
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The gross findings may be variable in distri- 
bution and severity, depending on the pro- 
gression of the disease: acute MCF with rapid 
mortality is more likely to be associated with 
fewer grossly-evident lesions. In these cases, 
histopathology is an invaluable key diagnos- 
tic tool. Histologically, diffuse accumulation 
of mononuclear inflammatory cells around 
arteries and veins with fibrinonecrotizing 
vasculitis constitutes the hallmark of the dis- 
ease; the distribution of these changes can be 
variable, affecting some tissues more se- 
verely than others, but are always present.13,18 

The infiltrate is mainly composed of lym- 
phoid cells with large, open nuclei and prom- 
inent nucleoli, with occasional plasma cells 
and small lymphocytes.18 Alongside these le- 
sions, lymph nodes exhibit diffuse hyper- 
plasia of the paracortical areas and necrosis 
and/or apoptosis can be observed in the skin, 
urinary and gastrointestinal tracts. Autolysis, 
accelerated by hyperthermia which occurs 
before death, can hamper diagnosis, espe- 
cially in those cases where the lesions are 
mild.13 

 
The gross and histopathological features are 
well recognized, however, the pathogenesis 
of MCF is not fully understood.7 Viral infec- 
tion of susceptible hosts induces a lympho- 
cytic proliferation, mainly targeting vessels, 
with the development of severe arteritis/phle- 
bitis and consequent necrosis affecting sev- 
eral organs. The majority of these lympho- 
cytes show a CD8+ immunophenotype, but 
only a small fraction show evidence of viral 

 
Figure 1-6. Oral mucosa, ox. There is a moderately 
dense cellular infiltrate within the adventitia and 
to a lesser extent, the media of affected vessels. 
(HE, 114X) 

infection.13 Furthermore, large granular lym- 
phocyte-like morphology and non-MHC re- 
stricted killing activity is observed in infected 
lymphocytes;1 in vitro experiments indicated 
that the cells are resistant to concanavalin A 
while responsive to cyclosporin A.7 Taken to- 
gether, these findings seem to indicate that 
viral infection causes an autoimmune disease 
provoked by lymphocytic dysregulation, ra- 
ther than a direct effect of the viral infection 
of lymphocytic cells. However, in experi- 
mental infection of bison an unexpectedly 
large number of virus-infected T cells was 
detected, suggesting that both direct viral ef- 
fects and indirect immune responses may 
play a role in MCF pathogenesis.2,7,12 Further 
studies are needed in order to solve this dis- 
crepancy. Recently, the role of AlHV-1 sema, 
a member of the semaphorin protein family, 
has been studied. An immune-escaping activ- 
ity has been shown in vitro; however, ab- 
sence of viral AlHV-1 sema had did not im- 
pair MCF induction and associated lym- 
phoproliferative lesions in experimentally in- 
fected rabbits.11 

 
Contributing Institution: 
Department of Veterinary Pathology and 
Public Health, Institute of Veterinary Sci- 
ence, University of Liverpool, Leahurst cam- 
pus, CH64 7TE, UK 
https://www.liverpool.ac.uk/vetpathology/ 

 
JPC Diagnosis: 
Hard palate mucosa: Arteritis, lymphocytic 
and necrotizing, multifocal to coalescing, 
moderate, with ulceration. 

 
JPC Comment: 
This contributor provides a great description 
of this classic case of OvHV-2 malignant ca- 
tarrhal fever in an ox. This week’s contribu- 
tor, Dr. Patricia Pesavento of the University 
of California at Davis, discussed that when 
there is mucosal or epithelial ulceration with- 
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out an evident cause on the surface, it is im- 
portant to examine the arteries subjacent the 
ulcer in a search for vascular lesions. In this 
case, there is subtle vacuolation to the endo- 
thelium of the large artery within the section, 
and, more superficially, the medium caliber 
arteries are more severely affected with trans- 
mural, predominantly T-cells disrupting the 
arterial wall and lifting the intima, presuma- 
bly arising from the capillary bed of the ad- 
ventitia. The moderator also stressed the im- 
portance of being specific in vascular lesions: 
in this case, the lesion specifically affects me- 
dium caliber arteries, thus arteritis was in- 
cluded in the morphologic diagnosis as op- 
posed to vasculitis. This localization is im- 
portant in sorting other potential causes. 

 
The moderator and conference participants 
discussed bovine viral diarrhea virus as a dif- 
ferential which would cause vascular lesions, 
and for that the gross images of the palate and 
esophagus, these would be reasonable differ- 
entials. The moderator also described how 
the herpesviruses which contribute to MCF 
are characteristically lymphoproliferative, so 
a pleomorphic population of lymphocytes 
may weigh more in favor of MCF. Aside 
from PCR for OvHV2 (which was conducted 
in this case and is the most common cause of 
MCF in the United States), IHC for BVDV or 
ISH for the MCF agent would allow for dif- 
ferentiation of these two entities. 

 

 
Figure 1-7. Oral mucosa, ox. The arteriolar mural 
infiltrate is a mixed cellular population of large 
and small lymphocytes and macrophages. (HE, 
374X) 

There are some histologic features which 
point to a location more specific than oral 
mucosa: the distribution of submucosal adi- 
pose, the presence of an elastic artery close to 
the mucosal surface, and especially the undu- 
lating surface point to the hard palate. 

 
While OvHV-2 typically does not cause clin- 
ical signs in the host-adapted species, in a 
2018 Vet Pathol report, Dr. Pesavento et. al 
showed that OvHV-2 is associated with sys- 
temic necrotizing vasculitis and can sporadi- 
cally cause arteritis in sheep similar to MCF 
in cattle.14 This study included a collection of 
cases previously diagnosed as idiopathic pol- 
yarteritis (“polyarteritis nodosa”) and using 
the in-situ hybridization probe specific for 
OvHv-2, demonstrated viral nucleic acid in 
lymphocytes associated with vasculitis in 
small to medium caliber arteries in all 
cases.14 This work showed that OvHv-2 
driven MCF may occur in the adapted host.14 

 
OvHV-2 associated MCF in cattle is gener- 
ally fatal, and chronic infection and recovery 
are both considered rare.10,16 A histologic 
hallmark of chronic MCF in cattle is neointi- 
mal hyperplasia characterized by prolifera- 
tion of spindle (myofibroblast) cells between 
the endothelium and internal elastic lamina; 
this may be accompanied by obliterative ar- 
teriopathy due to luminal narrowing.10,16 

Other arterial lesions described in chronic 
MCF include disruption of the internal elastic 
lamina and attenuation or loss of the tunica 
media. A 2022 report in the Journal of Veter- 
inary Diagnostic Investigation also reported 
lymphocytic hypophysitis in a chronic case 
of OvHV-2 associated MCF, and the lympho- 
cytes positively labeled for OvHV-2 ISH.10 

 
T-cells are described as the predominant in- 
flammatory cell in the vascular lesions of 
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MCF; however, a recent study evaluating rete 
mirabile lesions of 34 cases of OvHV-2 MCF 
in cattle, water buffalo, and bison found that 
macrophages were present in equal or greater 
numbers to T cells in all cases.16 This raises 
the possibility that the pathogenesis of vascu- 
lar damage and necrosis may be secondary to 
macrophage activity.16 This study also evalu- 
ated the expression of viral protein oLANA 
and ov-IL10 mRNA, products of latency-as- 
sociated genes, and demonstrated that the vi- 
rus infects many more cells than just T-cells: 
endothelial cells, smooth muscle cells, and 
macrophages all demonstrated immunohisti- 
ochemical staining for oLANA and in-situ 
hybridization for ov-IL10 mRNA.16 

 
As the contributor describes, there are a 
group of MCF viruses from the genus Maca- 
virus, sub-family Gammaherpesvirinae, fam- 
ily Herpesviridae, that cause MCF disease in 
susceptible hosts, and a recent report de- 
scribed an Ibex-MCF virus outbreak in cap- 
tive duikers (small antelope).2 The virus was 
presumed to be spread indirectly from cap- 
tive ibex in an enclosure 35 meters away, and 
cases in duikers were associated with times 
of parturition in the ibex.2 The disease was 
fatal, and clinical signs included anorexia, 
ataxia, and diarrhea or sudden death.2 On 
necropsy, mucosal ulceration was lacking, 
however, most of the animals had pulmonary 
ecchymoses, lymphadenomegaly, renomeg- 
aly, mucosal hemorrhage in the urinary blad- 
der, and ascites.2 Half of the cases also had 
hydrothorax and hepatomegaly.2 Histologi- 
cally, there were dense and wide perivascular 
lymphocytes and scattered (rare) fibrinoid 
vascular necrosis in multiple organs, demon- 
strating remarkable and chronic lymphopro- 
liferation, with ibex-MCF identified in all 
cases using PCR and demonstrated in lym- 
phocytes using ISH.2 Most of the animals 
were deficient in copper, and the authors 
raised the possibility of copper deficiency 

 

 
Figure 1-8. Oral mucosa, ox. There is ulceration of 
the mucosa overlying affected vessels. (HE, 340X) 

compromising the duikers’ immune re- 
sponses, predisposing the animals to over- 
whelming viral infection.2 Clinically normal 
but infected ibex were culled and lacked any 
gross or histologic lesions associated with the 
virus.2 
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CASE II: 

 
Signalment: 
1-year-old, male, Domestic Shorthair Cat 
(Felis catus) 

 
History: 
A 1-year-old indoor male Domestic Shorthair 
cat was found deceased with no premonitory 
signs. The history indicated a prolapsed rec- 
tum had been surgically repaired in the past. 

 
Gross Pathology: 
Grossly, the lungs were diffusely edematous, 
mildly consolidated, and mottled dark red to 
red with petechial hemorrhages. The distal 
trachea and bronchi contained moderate 
amounts of yellow mucus and foamy fluid. 
There were two 4-5 cm long white worms in 
the right cardiac ventricle, located at the tri- 
cuspid valve. An oval 1 cm area of intimal 
hemorrhage was present in the base of the 
pulmonary artery. The heart was within nor- 
mal limits for size and shape. 

 
Laboratory Results: 
No laboratory findings reported. 
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Microscopic Description: 
Multifocally, the tunica intima of the small 
and medium-sized pulmonary arteries are 
markedly thickened and have villous-like 
proliferations that protrude into the lumens, 
partially or completely occluding the arteries. 
The intimal proliferations are often lined by 
hypertrophied endothelial cells and consist of 
fibrous connective tissue with hyperplastic fi- 
broblasts and smooth muscle cells. Moderate 
to marked infiltration by eosinophils, macro- 
phages, fewer lymphocytes, and plasma cells 
are present in the affected tunica intima, oc- 
casionally associated with minimal hemor- 
rhage. In some arteries, the lumen is com- 
pletely obliterated by endothelial prolifera- 
tion, with a few small blood vessels lined by 
hypertrophied endothelial cells. Often, the in- 
ternal elastic lamina is effaced and obscured 
by the intimal proliferation and inflamma- 
tion. Most of the pulmonary arteries and arte- 
rioles, with or without intimal changes, are 
narrowed and have moderate hypertrophy of 
the tunica media. The alveolar septa adjacent 
to the affected arteries are moderately thick- 
ened by infiltration by eosinophils, macro- 
phages, and fewer lymphocytes. Occasion- 
ally, the alveoli contained increased numbers 
of foamy macrophages, fewer eosinophils, 
hemorrhage, rare edema, and minimal 

 

Figure 2-1. Heart, cat. Two heartworms were in 
the right ventricle. (Photo courtesy of: Connecti- 
cut Veterinary Medical Diagnostic Laboratory, 
http://cvmdl.uconn.edu/) 

 
 
 
 
 
 
 
 
 
 

 
Figure 2-2. Lung, cat. Grossly, the lungs were dif- 
fusely edematous, mildly consolidated, and mott- 
led dark red to red with petechial hemorrhages. 
(Photo courtesy of: Connecticut Veterinary Medi- 
cal Diagnostic Laboratory, 
http://cvmdl.uconn.edu/) 

amounts of fibrin. There are multiple granu- 
lar, linear, or round concentric basophilic 
mineralized deposits in the pulmonary capil- 
laries, bronchiolar smooth muscles, and arte- 
rial media. Round concentric deposits, some 
resembling corpora amylacea, are 15-20 mi- 
crons in diameter and often located in the 
connective tissue around arteries and bron- 
chi. The pulmonary capillaries are diffusely 
congested. 

 
Contributor’s Morphologic Diagnoses: 
Lung, arteries: (1) Endarteritis, proliferative 
and eosinophilic, chronic, multifocal, moder- 
ate to marked, with occasional luminal occlu- 
sions and re-canalizations; (2) Medial hyper- 
trophy, diffuse, mild to moderate. 

 
Lung: (1) Interstitial pneumonia, eosinophilic 
and histiocytic, multifocal, mild; (2) Miner- 
alization, multifocal, moderate 

 
Contributor’s Comment: 
Dirofilaria immitis commonly causes clinical 
diseases in dogs, but can infect other mam- 
mals including cats, wild felids, wild canids, 
and rarely humans.15 Typical histological le- 
sions in lungs in both dogs and cats caused by 
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D. immitis are villous proliferation of the ar- 
terial intima with medial hypertrophy and eo- 
sinophilic infiltrates.12,15 

 
Mosquitoes play the main role in the heart- 
worm lifecycle. The first, second, and early 
third stage larvae of D. immitis are obligate 
parasites of mosquitoes of the genera Aedes, 
Culex or Anopheles. In mosquitoes, larvae 
develop to the infective stage in the malpig- 
phian tubules and then migrate to the pro- 
boscus. When mosquitoes feed on hosts, the 
infective third stage larvae deposit on the skin 
and enter through the bite wound. The third 
stage larvae molt to the fourth stage and be- 
come immature adults in the connective tis- 
sue. Finally, immature adults enter the veins 
and migrate to the pulmonary arteries, 70-90 
days postinfection. The immature adults ma- 
ture in 3 months to adults, after which time 
female worms produce microfilariae. The av- 
erage pre-patent period is 6-8 months for D. 
immitis.10,11,15 

 
Dogs are the natural definitive host of D. im- 
mitis, and canine dirofilariasis occurs when 
heartworms become adults and produce mi- 
crofilariae. In dogs, the most common clini- 
cal presentation is a chronic congestive right 

 

Figure 2-3. Lung, cat. Two sections of lung are sub- 
mitted for examination. Multifocally, pulmonary 
arteries are markedly thickened and tortuous. 
(HE, 6X) 

cardiac failure with more than 30 adult 
worms, and it is usually seen in dogs older 
than 5 years with continuous or multiple in- 
fections. Mechanical irritation by adult 
worms and microfilariae can cause pulmo- 
nary arterial sclerosis and hypertension, lead- 
ing to chronic heart failure. Also, large num- 
bers of adult D. immitis (usually more than 
100) infecting the right atrium and vena cava 
can result in acute venous obstruction and 
shock, known as vena cava syndrome.15 

 
The prevalence and pathogenesis of feline 
dirofilariasis is somewhat different from 
dogs.10,11 The distribution of feline dirofilari- 
asis parallels that of dogs, but the overall 
prevalence is between 5-10 % of that in dogs 
in any given area.16 Mosquitos feeding pref- 
erences and the poor suitability of cats as de- 
finitive hosts may be reasons for this low 
prevalence.10 Since cats are atypical hosts for 
D. immitis, the majority of worms are cleared 
in the immature adult stage, and there are typ- 
ically only 2-4 adult worms infect the heart. 
Due to low numbers of adult worms and poor 
suitability, cats tend to be amicrofilaremic or 
have only a short (2-3 months) microfilare- 
mic period.6,10,11 Vena cava syndrome caused 
by a large burden of D. immitis infection has 
been described rarely in cats.12 Similar to 
dogs, chronic heartworm disease with adult 
worms occurs in cats, but congestive right 
cardiac failure or pulmonary hypertension are 
rare.17 

 
Chronic feline dirofilariasis caused by adult 
worm infection can cause death,10,11 as seen 
in this case. Cats may be asymptomatic or 
show chronic respiratory signs such as 
coughing or intermittent dyspnea during the 
infection.1,6 Vomiting is also a relatively 
common finding, reported in about half of the 
cases with unknown pathogenesis 1. Unlike 
most cases of canine dirofilariasis, acute res- 
piratory distress and sudden death with adult 
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heartworms in cats are attributed to emboli- 
zation of dead worms causing pulmonary ar- 
terial infarction and circulatory collapse.6,10,11 

Adult heartworms are believed to secrete a 
product that suppresses the activity of the 
pulmonary intravascular macrophage (PIM), 
the main component of the reticuloendothe- 
lial system in cats; PIM are not present in nor- 
mal dogs.8 Decreased PIM activity results in 
an anti-inflammatory reaction and minimizes 
the clinical signs of cats having adult worms, 
but the death of adult worms triggers an in- 
tense inflammatory reaction.8,10 

 
Additionally, there is a condition known as 
heartworm-associated respiratory disease 
(HARD) in cats, that is caused by the death 
of larvae in caudal pulmonary arteries before 
they migrate into the heart.7,10,15, Clinical res- 
piratory signs associated with HARD are 
similar to chronic feline dirofilariasis, but oc- 
cur around 3-6 months post-infection without 
any adult worms.7,10 The strong inflamma- 
tory response induced by larval death is also 
hypothesized to be due to the activity of PIM 
only seen in cats.8,10 

 
Histological presentation of chronic feline 
dirofilariasis and HARD is similar, but 
HARD has less severe lesions.3,17 The fibro- 
muscular intimal proliferation has been con- 
sidered a reaction to heartworms, but a re- 
sponse to intracellular bacteria Wolbachia 
harbored by D. immitis may be in- 
volved.10,12,14 Arterial medial hypertrophy is 
another common finding in both cats and 
dogs infected with D. immitis.12,15 In cats, this 
change can be spontaneous, and also can be 
caused by other parasites such as Aeluro- 
strongylus abstrusus and Toxocara cati.12,14 

However, a recent experimental study re- 
vealed a strong association of smooth muscle 
hypertrophy of arteries, bronchi, and bronchi- 
oles in cats infected with D. immitis.7 With- 
out any adult heartworms, pulmonary prolif- 

erative and/or eosinophilic endarteritis is sug- 
gestive for larval D. immitis infection. As 
with hypertrophy of the arterial tunica media, 
migration of other larval worms (including 
Toxocara spp), is known to cause eosino- 
philic endarteritis in feline lungs.14 

 
Aberrant migration of D. immitis occurs with 
greater frequency in cats than in dogs.9,14 Ab- 
errant migration of larvae to body cavities, 
eyes, and central nervous system are more 
common in cats, inducing an inflammatory 
response at the site of migration.9,10 Recently, 
aberrant migration of heartworms to the fem- 
oral artery causing hind limb paresis was de- 
scribed in a cat.13 Migrating D. immitis 
should be considered for any nematodes 
found anywhere in cats. 

 
There was conversation about concentric 
mineral deposits in the pulmonary connective 
tissues in this cat as to whether they were 
dead larvae or spontaneous mineralization. 
Some of deposits had fragmented or concen- 
tric structures but were not associated with 
any inflammation, and there were no histo- 
logically identifiable larvae. It is known that 
dead D. immitis tend to induce strong inflam- 
mation.9 No other cause for arterial minerali- 
zation was identified on anatomic examina- 
tion, and antemortem bloodwork was not 
available. The cause of this widespread min- 
eralization was not identified. 

 
 

Figure 2-4. Lung, cat. A cross section of a pulmo- 
nary artery shows a recanalized lumen with 
marked intimal hyperplasia, mural thickening, 
and marked inflammation of the intima and ad- 
ventitia. (HE, 42X) 
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Contributing Institution: 
Connecticut Veterinary Medical Diagnostic 
Laboratory 
http://cvmdl.uconn.edu/ 

 
JPC Diagnosis: 
Lung, arteries, and arterioles: Endarteritis, 
proliferative and eosinophilic, diffuse, se- 
vere, with marked smooth muscle hypertro- 
phy. 

 
JPC Comment: 
The fundamental histologic finding in this 
case is neointimal proliferation of pulmonary 
arteries. During the conference, the modera- 
tor and conference participants discussed 
presence of visible small caliber blood ves- 
sels in the expanded region of the tunica in- 
which represents either neovascularization or 
hypertrophy of existing, penetrating vasa 
vasorum. Indeed, immunohistochemical and 
special stains were helpful to evaluate the 
character of the intimal proliferation: nega- 
tive reactivity to smooth muscle actin and 
abundant factor 8 immunoreactivity con- 
firmed that the majority of the proliferation is 
from small caliber vessels. Conference par- 
ticipants also discussed the presence of inter- 
stitial pneumonia, but felt the changes were 
mild and did not warrant morphologic diag- 
nosis. The fatal outcome of such a low para- 
site load in cats is enigmatic, in this case there 
were no filaria, nor evidence of emboli (in 
sections examined) 

 
The contributor provides a good summary of 
the histologic lesions of the pulmonary vas- 
culature in cats, as well as the parasite life cy- 
cle, clinical signs, and pathogenesis of this 
disease. Heartworm infection may also lead 
to membranoproliferative glomerulonephritis 
due to deposition of antigen-antibody com- 
plexes, or to glomerular damage fraying and 
thickening glomerular basement membrane, 
both of which lead to proteinuria.5,15 

 

 
Figure 2-5. Lung, cat. Higher magnification of the 
pulmonary artery show marked intimal hyper- 
plasia with segmental loss of the endothelium, 
and infiltration of the markedly thickened intima 
by moderate numbers of macrophages and eosin- 
ophils. (HE, 215X) 

 
Dirofilaria can cause similar lesions in dogs. 
Dogs also can harbor Angiostrongylus vaso- 
rum, which can cause proliferative endarteri- 
tis, intimal proliferation, and medial hyper- 
trophy in the lung.4 This metastrongyle dif- 
fers from D. immitis in both life cycle and 
pathogenesis. The intermediate host of A. 
vasorum is a mollusk (snail or slug), which is 
ingested by a dog. Larvae migrate through 
the lymph nodes, where they molt, and adults 
reside in the pulmonary arteries and right 
ventricle.2,4 Eggs pass into the pulmonary 
vessels, hatch, and penetrate into alveolar lu- 
men, eventually to be coughed up, swal- 
lowed, and passed into the feces. These eggs 
and larvae can cause granulomatous pneumo- 
nia, occasionally forming larger granulomas 
containing mixed inflammatory cells, while 
the adult worms cause characteristic prolifer- 
ative endoarteritis.4Histologically, the pres- 
ence of eggs in the granulomatous inflamma- 
tion and within adult female nematodes is a 
helpful differentiating feature between A. 
vasorum and D. immitis; other differences in- 
clude a thin coelomyarian musculature and a 
large intestine in A. vasorum compared to tall 
coelomyarian musculature and a small intes- 
tine in D. immitis.4 
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CASE III: 
 

Signalment: 
8- week-old, male intact, Australian Heeler 
dog (Canis familiaris) 

 
History: 
This puppy presented with seizures and was 
euthanized on the same day. The puppy was 
unvaccinated, and the vaccination status of 
the dam was unknown. 

 
Gross Pathology: 
Unremarkable 

 
Laboratory Results: 

Sample Test Results 
Brain (unfixed) Direct fluorescent 

antibody testing for 
rabies virus 

Negative 

Lung (unfixed) Aerobic culture No growth 
 

Microscopic Description: 
Brain (cerebrum, hippocampus, and thala- 
mus): Widespread throughout the white and 
gray matter of the cerebrum, hippocampus, 
and thalamus, there is mild gliosis. Many dis- 
tinct glial nodules composed of aggregates of 
mononuclear cells including oligoden- 
droglial cells and astrocytes are present. 
Many glial cells within these nodules have 
karyorrhectic or pyknotic nuclei. Multifo- 
cally, there are occasional neurons that are 
surrounded by small numbers of glial cells 
(satellitosis). Rare neurons are hypereosino- 
philic and shrunken with pyknotic nuclei 
(neuronal necrosis) and surrounded by small 
numbers of glial cells (neuronophagia). Oc- 
casional neuroparenchymal and meningeal 
blood vessels are surrounded and partially 
obscured by a variably thick layer of lympho- 
cytes, plasma cells, fewer macrophages, and 
rare neutrophils (perivascular cuffing). Af- 
fected blood vessels are lined by hypertro- 
phied endothelial cells. Throughout the sec- 
tion, there are rare, small, randomly distrib- 

uted foci of hemorrhage. Occasional endo- 
thelial cells, rare glial cells, and rare intravas- 
cular mononuclear cells have chromatin mar- 
gination and a solitary, large, approximately 
4-6µm in diameter, intranuclear, basophilic 
inclusion body that often fills the entire nu- 
cleus. The leptomeninges, typically adjacent 
to blood vessels, are multifocally infiltrated 
by small to moderate numbers of plasma cells 
and lymphocytes. 

 
Brain (cerebellum and brainstem) [not pro- 
vided]: The histological changes are similar 
to those described in the cerebrum, hippo- 
campus, and thalamus. 

 
Liver [not provided]: There are many widely 
disseminated hepatocytes and rare, scattered 
Kupffer cells with chromatin margination 
and intranuclear inclusion bodies similar to 
those described in the brain. There are scat- 
tered small aggregates of lymphocytes with 
rare plasma cells and neutrophils, some of 
which are concentrated around blood vessels. 
There are rare hepatocytes with individual 
cell necrosis and/or apoptosis characterized 
by hypereosinophilia and karyorrhectic nu- 
clei. 

 

Figure 3-1. Diencephalon, dog. A single section of 
thalamus, hippocampus, and overlying cerebral 
cortex is submitted for examination. There are no 
apparent lesions at subgross magnification. (HE, 
6X) 
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Figure 3-2. Diencephalon, dog. Predominantly in 
the thalamus, there is perivascular hypercellular- 
ity and hemorrhage, and diffuse gliosis of the in- 
tervening neuroparenchyma. (HE, 140X) 

 
Immunohistochemistry: 

1. Brain: 
a. Canine adenovirus-type 1 (CAV- 

1): There are scattered rare endo- 
thelial cells that have strong intra- 
cytoplasmic and occasional intra- 
nuclear immunoreactivity. 

b. Adenovirus: There are scattered 
rare endothelial cells that have 
strong intracytoplasmic and occa- 
sional intranuclear immunoreac- 
tivity. 

c. Canine distemper virus: There is 
no immunoreactivity. 

2. Liver: 
a. CAV-1: There are occasional Kup- 

ffer cells, hepatocytes, and rare en- 
dothelial cells, with strong intra- 
cytoplasmic and occasional intra- 
nuclear immunoreactivity. 

b. Canine herpesvirus: There is no 
immunoreactivity. 

 
Contributor’s Morphologic Diagnoses: 
1. Brain (cerebrum, thalamus, hippocam- 

pus, brainstem, and cerebellum) - enceph- 
alitis, lymphohistiocytic, multifocal, 
moderate to marked, subacute, with glio- 
sis, glial nodules, perivascular cuffing, 
lymphoplasmacytic vasculitis, endothe- 
lial and glial cell intranuclear basophilic 
inclusion bodies, and mild lympho- 
plasmacytic leptomeningitis 

2. Liver [not provided] - hepatitis, lympho- 
cytic, multifocal and random, mild, sub- 
acute, with individual cell necrosis/apop- 
tosis and intranuclear basophilic inclu- 
sion bodies 

 
Contributor’s Comment: 
Canine adenovirus type-1 (CAV-1) is a non- 
enveloped DNA virus, and is the causative 
agent of infectious canine hepatitis. The virus 
affects various canids, including domestic 
dogs, foxes, coyotes, and wolves, as well as 
skunks and bears.1,3,4,9 Clinical signs are typ- 
ically more severe in younger animals (<1-2 
years of age), ranging from asymptomatic to 
severe, and may include pyrexia, inappe- 
tence, lethargy, vomiting, diarrhea, ab- 
dominal pain, corneal edema, or death often 
without premonitory clinical signs.1,3,4 The 
virus has affinity for endothelial cells, 
hepatocytes, and mesothelium, resulting in 
edema, serosal hemorrhage, and hepatic ne- 
crosis.1-3 The neurological manifestation of 
CAV-1 infection in domestic dogs has rarely 

 
Figure 3-3. Diencephalon, dog. There is mild 
gliosis and ran-domly distributed glial nodules 
(arrow). Blood vessels are surrounded by 
perivascular cuffs of variable thickness, with as 
many as three layers of lymphocytes, fewer 
macrophages,  and  plasma  cells.   Affected 
blood vessels are often lined by re-active/ 
hypertrophic endothelial cells (arrow-head). 
(Image courtesy of: The University of Min- 
nesota, College of Veterinary Medicine, Veteri- 
nary Diagnostic Laboratory. 
https://www.vdl.umn.edu) (HE, 400X) 

470



 

 
Figure 3-4. Diencephalon, dog. Affected 
endothelial cells (as well as rare intravascular 
leukocytes and mono-nuclear cells within glial 
nodules) have large, 4-6 µm in diameter, 
basophilic, intranuclear inclusion bodies that 
often fill the entire nucleus (arrow-heads). 
(Image courtesy of: The University of Min-nesota, 
College of Veterinary Medicine, Veteri-nary 
Diagnostic Laboratory. 
https://www.vdl.umn.edu) (HE, 400X) 

 
been reported, and is most commonly seen in 
non-domestic animal species.6,10 

 
In this case, a diagnosis of CAV-1 infection 
was made based on the characteristic histo- 
logic changes and immunohistochemical re- 
sults involving the liver and brain. In previ- 
ously reported CAV-1 cases in domestic dogs 
involving the brain, characteristic lesions in- 
cluded hemorrhage, vasculitis, and peri- 
vascular accumulation of mononuclear 
cells.2,6,10 The lesions are typically seen in the 
brainstem, thalamus, and caudate nuclei, of- 
ten sparing the cerebral and cerebellar corti- 
ces,8 although in one report, the changes were 
most commonly observed in the corona radi- 
ata, caudate nucleus, thalamus, pons, and lep- 
tomeninges.6 

 
CAV-1-associated encephalitis has been 
more commonly associated with foxes.5,10 

Under experimental conditions, the foxes de- 
veloped hemorrhage predominantly affecting 
the brainstem and spinal cord, and variable 

mononuclear meningoencephalitis with peri- 
vascular cuffing.5 In the present case, the le- 
sions differed slightly from those previously 
reported in dogs and foxes, with evidence of 
encephalitis with gliosis and glial nodules, in 
addition to the previously reported vascular 
changes. In addition, the lesions were more 
widespread, involving the cerebral cortex, 
thalamus, hippocampus, brainstem, and cere- 
bellum. 

 
Neurological signs associated with CAV-1 
have been attributed to vascular damage 
within the central nervous system,3,4,10,11 alt- 
hough other possibilities include hepatic en- 
cephalopathy and/or concurrent infection 
with canine distemper virus (CDV).11 It has 
been suggested that different CAV-1 strains 
may have tropism for the endothelium of the 
central nervous system.2,10 However, to our 
knowledge, sequence analysis has not been 
performed to confirm this hypothesis. In this 
case, the cause of the reported seizures likely 
involved a combination of encephalitis and 
central nervous system vascular involvement. 
Although speculative, it is possible that the 
differences in the lesions and distribution of 

 

 
Figure 3-5. Liver, dog. There is individual 
hepatocyte necrosis, and scattered hepatocytes, 
Kupffer cells, and endothelial cells have intranu- 
clear inclusion bodies similar to those observed in 
the brain (arrowhead). (Image courtesy of: The 
University of Minnesota, College of Veterinary 
Medicine, Veterinary Diagnostic Laboratory. 
https://www.vdl.umn.edu) (HE, 400X) 
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the lesions from the previously reported cases 
may have been due to the characteristics of 
the CAV-1 strain and/or the host immune re- 
sponse. 

 
Susceptible dogs are exposed to CAV-1 via 
oronasal route through contact with infec- 
tious saliva, feces, urine, or respiratory secre- 
tions, or through direct animal-to-animal 
contact.1,4,10,11 The virus initially replicates in 
the tonsillar crypts resulting in tonsillitis, fol- 
lowed by spread to the local lymph nodes and 
systemic circulation.1,3,8 Viremia typically 
lasts 4-8 days and the virus spreads to the 
liver, endothelial cells, and mesothelial 
cells.1,3,10 The virions exit the cells by cell ly- 
sis, resulting in cell death and tissue injury.1,9 

Characteristic histological lesions typically 
involve the liver, and range from randomly 
scattered foci of hepatocellular necrosis to 
widespread centrilobular necrosis.1,3 Intranu- 
clear inclusion bodies are often found in 
hepatocytes, vascular endothelium, and Kup- 
ffer cells.1,3 Other lesions that may be seen 
include corneal edema/iridocyclitis (typically 
between 14 to 21 days post infection), 
gallbladder wall edema, interstitial nephritis, 
hemorrhagic enteritis, laryngitis, tracheitis, 

 

 
Figure 3-6. Brain (cerebral cortex), dog. Canine 
adenovirus type-1 immunohistochemistry. Scat- 
tered endothelial cells have strong intracytoplas- 
mic and rare intranuclear immunoreactivity. (Im- 
age courtesy of: The University of Minnesota, Col- 
lege of Veterinary Medicine, Veterinary Diagnos- 
tic Laboratory. https://www.vdl.umn.edu) (anti- 
CAV-1, 400X) 

pneumonia, and ecchymotic and petechial 
hemorrhages.1-4,6,11 

 
Differential diagnoses for viral encephalitis 
in dogs include CDV, rabies virus, and canine 
herpesvirus. Coinfection is possible, with re- 
ports of CDV and CAV-1 resulting in an in- 
creased mortality rate.6 CDV infection may 
be characterized by both intranuclear and in- 
tracytoplasmic inclusion bodies. CDV infec- 
tion was excluded in this case based on the 
negative immunohistochemistry results. Ra- 
bies was considered unlikely based on nega- 
tive direct fluorescent antibody testing result 
for rabies antigen. Canine herpesvirus 
(CHV)-associated meningoencephalitis has 
been reported in natural and experimental 
conditions.7 In one case series involving nat- 
ural canine herpesvirus encephalitis, lesions 
were characterized by randomly distributed 
glial nodules throughout the white and gray 
matter of the cerebrum, brainstem, and cere- 
bellum, as well as lymphocytic meningitis 
and cerebellar cortical necrosis.7 Although 
CHV immunohistochemistry was not per- 
formed on the brain in this case, the liver was 
immune-negative, and CHV infection was 
considered unlikely. 

 
Contributing Institution: 
The University of Minnesota, College of Vet- 
erinary Medicine, Veterinary Diagnostic La- 
boratory. https://www.vdl.umn.edu 

 
JPC Diagnosis: 
Thalamus and cerebrum: Vasculitis, lympho- 
cytic, multifocal to coalescing, moderate, 
with glial nodules and intraendothelial intra- 
nuclear viral inclusions. 

 
JPC Comment: 
The moderator and conference participants 
discussed the presence of glial nodules, 
which are multifocal proliferation of micro- 
glial cells in reaction to injury in the CNS and 
neuronal necrosis. Canine adenovirus 1 is not 
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apparently associated with the glial nodule 
formation, and glial nodule formation is not 
an expected finding in canine adenovirus-1 
infection. All agreed that the contributor did 
an excellent workup to rule out canine dis- 
tempervirus and canine herpesvirus-1. Both 
viruses can cause neuronal necrosis with glial 
nodule formation and would be top differen- 
tials based on this H&E section. 

 
Two helpful histologic features which indi- 
cate that this animal is juvenile are the diffuse 
high concentration of glial cells and the 
prominence of the undifferentiated glial and 
neuronal precursors (“rests”) in the 
periventrular tissue. Both of these findings 
are normal in puppies. 

 
Most vertebrate species can be infected by vi- 
ruses of the Adenovirus family, but individ- 
ual viruses have narrow host ranges, are per- 
sistent, and generally are subclinical or asso- 
ciated with mild respiratory infections.8 

There are notable exceptions such as CAV-1, 
deer adenovirus, and several avian adenovi- 
ruses, which cause important diseases in their 

 

 
Figure  3-7.  Brain  (cerebral  cortex),   dog. 
Canine adenovirus type-1 immunohisto- 
chemistry. Occasional Kupffer cells, hepatocytes, 
and rare endothelial cells have strong intracyto- 
plasmic and occasional intranuclear immunoreac- 
tivity. (Image courtesy of: The University of Min- 
nesota, College of Veterinary Medicine, Veteri- 
nary Diagnostic Laboratory. 
https://www.vdl.umn.edu) (anti-CAV-1, 400X) 

host species.8 There are five genera in the Ad- 
enoviridae family: Mastadenovirus, Aviade- 
novirus, Atadenovirus, Siadenovirus, and 
Ichtadenovirus. The name adenovirus is de- 
rived from how the virus was initially identi- 
fied: as a cause of cellular degeneration in hu- 
man adenoid cultures.8 

 
Canine adenovirus 1, which affects domestic 
and wild canids, skunks, coatis, and bears, 
was discovered in 1954 as the causative agent 
of fox encephalitis.8,9 The contributor pro- 
vides an excellent overview of CAV-1 infec- 
tion in dogs and non-domestic animals. A re- 
cent report by Pereira et al described natural 
CAV-1 infection and death in captive maned 
wolf puppies.9 On necropsy, findings mir- 
rored those seen in dogs, with nonsuppurative 
meningoencephalitis, necrotizing hepatitis 
and splenitis, and intranuclear inclusion bod- 
ies in hepatocytes (1 of 2 pups) and kidneys 
(2 of 2 pups).9 

 
Canine adenovirus 2, another virus in the 
Mastadenovirus family, is a member of the 
canine respiratory disease complex and infec- 
tion is limited to the respiratory system.9 

 
Significant adenoviruses in avian species fall 
within the Aviadenovirus, Atadenovirus, and 
Siadenovirus genera.9 Fowl adenovirus 1, a 
member of Aviadenovirus genus, causes 
quail bronchitis and is characterized by ne- 
crotizing tracheitis, air sacculitis, conjuncti- 
vitis, and gastrointestinal disease, with a high 
mortality in young quail.9 Another member of 
the Aviadenovirus genus is fowl adenovirus 
4, which causes hydropericardium syndrome 
in chickens, with the most severe disease oc- 
curring around one month of age.9 In addition 
to the pericardial effusion, pulmonary edema 
and enlargement of the kidneys and liver may 
be seen.9 Within the Siadenovirus genus, tur- 
key adenovirus 3 causes hemorrhagic enteri- 
tis in turkeys over a month of age, and two 
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closely related (serologically indistinguisha- 
ble) viruses cause marble spleen disease in 
pheasants and avian adenovirus splenomeg- 
aly in chickens.9 
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CASE IV: 

 
Signalment: 
8-month-old male American mink (Neogale 
vison) (non-Aleutian) 

 
History: 
This mink was a non-inoculated experimental 
control animal. All mink were acclimated to 
the facility after arrival for a period of 3 
weeks prior to initiation of the experiment. 
No clinical signs were observed in this mink. 

 
Gross Pathology: 
Bright red lungs that did not collapse nor- 
mally. 

 
Laboratory Results: 
Other mink from this cohort were PCR posi- 
tive for Aleutian Mink Disease Virus 
(AMDV) in lung and spleen samples. Frozen 
samples from this case were not immediately 
available for molecular testing at the time of 
conference submission. 

 
 
 

Figure 4-1. Lung, mink. Foci of hypercellularity can 
be seen even at subgross magnification. (HE, 6X) 
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Immunohistochemistry for B cell, T cell, and 
macrophage markers. Most perivascular 
mononuclear cells stained with CD3 antibody 
with immunohistochemistry. 

 
Microscopic Description: 
Lung: The alveolar septa are diffusely thick- 
ened due to increased numbers of lympho- 
cytes and enlarged round to cuboidal epithe- 
lium (type II pneumocyte hyperplasia) lining 
the alveoli. There are many lymphocytes with 
fewer plasma cells around pulmonary vascu- 
lature. There are multifocal areas of low num- 
bers of neutrophils within alveoli and alveo- 
lar septa along with numerous alveolar mac- 
rophages. Alveolar macrophages have two 
distinct morphologies. The first type is 20-35 
microns in diameter with a round to reniform 
10-20 microns in diameter; the cytoplasm is 
amphophilic with an eosinophilic perinuclear 
clear zone. The second population of macro- 
phages have prominent 2–3-micron intra- 
cytoplasmic vacuoles. There are occasionally 
multinucleated macrophages. Alveolar lu- 
mens also contain sloughed epithelial cells 
multifocal areas of eosinophilic proteina- 
ceous fluid. Alveolar septa are lined by a 
curved cup-shaped eosinophilic material. Ca- 
pillaries are congested with red blood cells 
and occasionally filled with dense eosino- 
philic material that expands the capillary. 
Near the lung periphery, capillaries are 
largely devoid of red blood cells. 

 
Pneumocytes occasionally have vacuolated 
cytoplasm. Rarely within intra-alveolar cells, 
there are oval to round magenta intranuclear 
inclusion bodies 3-4 µm in diameter with pe- 
ripheralized chromatin. There are multifocal 
areas where alveolar septal walls are absent, 
and alveoli conjoin (microbullae). 

 
Contributor’s Morphologic Diagnoses: 
Interstitial pneumonia, lymphohistiocytic, 
diffuse, moderate, chronic with perivascular 
lymphocytes. 

 

 
Figure 4-2. Lung, mink: Hypercellular foci consist 
of alveoli filled by numerous macrophages with 
basophilic cytoplasm, fewer neutrophils and lym- 
phoplasmacytic infiltrate of peribronchial and 
perivascular connective tissue. There is also Type 
2 pneumocyte hyperplasia contributing to the 
mix. (HE, 200X) 

 
Contributor’s Comment: 
The microscopic findings are consistent with 
Aleutian Mink Disease Virus (AMDV). Pre- 
vious mink from this shipment died acutely 
upon arrival and were positive for AMDV by 
PCR in the spleen and lungs and had concom- 
itant severe hepatic lipidosis. 

 
Aleutian mink disease virus (AMDV) is the 
archetype and prototype member of Amdo- 
parvoviruses that infects domesticated and 
wild mink. Individual cases of infection with 
AMDV in other species is reported, but some 
historic reports did not include evaluation of 
sequence. The viral family within the carni- 
vores has recently grown, with distinct, host- 
specific amdoparvoviruses (APVs) discov- 
ered in fishers, grey foxes, red foxes, raccoon 
dogs, red pandas, and striped skunks.8 In 
AMDV infected mink, the host age and im- 
mune status affects the clinical outcome. In 
mink kits, the disease classically manifests 
with interstitial pneumonia and viral replica- 
tion is predominantly within type II pneumo- 
cytes.3,7 In adult mink, the virus is found in 
macrophages in lymphoid tissue. Plasma 
cells proliferate and infiltrate the liver, 
spleen, kidneys, and lymph nodes. The dis- 
ease has also been called mink plasmacytosis 
because of this. Mink have a hypergammag- 
lobulinemia and develop renal disease char- 
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acterized by glomerulonephritis and intersti- 
tial nephritis. Glomerulonephritis and vascu- 
litis are due to viral-antibody complexes 
(type III hypersensitivity) in affected mink.3,6 

 
Aleutian mink are named for a hair coat color 
dilution due to a genetic mutation. The muta- 
tion, termed Chédiak-Higashi syndrome, re- 
sults in defective lysosomes, melanosomes, 
cytolytic granules, and platelet rich granules.6 

Aleutian mink are more susceptible to 
AMDV and appear to be affected by all iso- 
lates or strains; whereas, non-Aleutian mink, 
may be less susceptible to some virus strains 
resulting in non-progressive persistent infec- 
tions.3 

 
Contributing Institution: 
National Animal Disease Center 
https://www.ars.usda.gov/midwest- 
area/ames/nadc/ 

 
JPC Diagnosis: 
Lung: Pneumonia, interstitial, lymphohistio- 
cytic, diffuse, moderate, with type II pneu- 
mocyte hyperplasia, peribronchial and peri- 
vascular lymphoplasmacytic infiltrates, and 
intranuclear viral inclusion bodies. 

 
JPC Comment: 
As the contributor mentions, a critical com- 
ponent of the pathogenesis of Aleutian mink 
disease is the exuberant production of anti- 
bodies by plasma cells leading to a type III 
hypersensitivity reaction (immune complex 

 

Figure 4-3. Lung, mink: There is diffuse expansion 
of alveolar septa by congestion, edema, macro- 
phages, lymphocytes and scattered hyperplastic 
Type II pneumocytes. (HE, 580X) 

hypersensitivity). These reactions occur 
when immune complexes (typically contain- 
ing IgM and IgG) accumulate in tissues, acti- 
vate complement, and recruit neutrophils, 
leading to local damage.6 Type III hypersen- 
sitivity reactions generally occur when there 
is slightly more antigen than antibody; if an- 
tibody is present in large quantities, the insol- 
uble complex is easily cleared by tissue mac- 
rophages and hypersensitivity does not de- 
velop.5,6 Complexes may deposit in vessels, 
joints, glomeruli, or choroid plexus.4,6 Type 
III hypersensitivity reaction typically occur 
in diseases that are the result of persistent in- 
fection (i.e. Aleutian mink disease), autoim- 
munity (i.e. systemic lupus erythematosus), 
or inhalation of environmental antigens 
(chronic obstructive pulmonary disease).6 

The Arthus reaction is a localized, cutaneous 
version of a type III hypersensitivity reaction 
that can be induced experimentally via intra- 
cutaneous injection of antigen into an animal 
with a preformed antibody; the resulting re- 
action produces fibrinoid necrosis in vessel 
walls and subsequent thrombosis.4 

 
Aleutian mink disease virus is single 
stranded, negative-sense DNA virus of the 
genus Amdoparvovirus.2,5 Dr. Pesavento de- 
scribed that diseases associated with other 
carnivore APVs (Red Panda and Skunk) 
share many of the features of AMDV in 
mink, including tissue distribution, but the 
well described immune complex disease of 
the infected mink is not present with other 
APV infections so far. 

 
The amdoparvovirus isolated from endan- 
gered red pandas (RPAV) is widespread in 
captive populations in the United States, with 
the virus isolated from at least 50% of 104 
animals tested.1 Infection appears to be per- 
sistent, as well: the virus was consistently 
isolated from 6 animals serially sampled for 
up to 6 years.1,2 In the index case, the red 
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panda had virus associated by ISH with sig- 
nificant pyogranulomatous inflammation in 
multiple sites, including the peritoneum, pan- 
creas, and heart.1 It appears that a subset of 
pandas is susceptible to viral associated dis- 
ease, with heavy loads of virus, and lesions 
consistently in kidneys, but also variably in 
other tissues (lung, heart, brain, eggs). In pan- 
das positive for the virus, but dead from other 
causes, virus was identified in normal lym- 
phoid tissues and within normal gastrointes- 
tinal mucosa. The intestinal tract, given the 
consistent shedding and the ISH results, is a 
likely site of persistence in Red Pandas. 

 
Classically, parvoviruses are thought to in- 
fect cells only which are actively replicating 
(in S-phase, i.e. crypt enterocytes), since the 
virus requires cellular machinery to replicate, 
as the contributor mentions. Dr. Pesavento 
described, however, that human parvovirus 
B19, the causative agent of fifth disease in 
humans, induces a DNA damage response 
(DDR) that facilitates viral DNA replication. 

 
In addition to AMDV, mink are susceptible 
to another parvovirus, mink enteritis virus, 
which is closely related to feline panleukope- 
nia virus and an important disease of farmed 
mink.5,8 Similar to feline panleukopenia, 
mink enteritis virus targets the enterocytes, 
causing crypt epithelial necrosis; lympho- 
cytes, causing lymphoid necrosis; and bone 
marrow progenitor cells, causing leukope- 
nia.8 Curiously, mink enteritis virus is not as- 
sociated with cerebellar hypoplasia.5 

 
Conference participants discussed euthanasia 
artifact due to barbiturate salt precipitation as 
a possible cause for the thickening and eosin- 
ophilic debris in the pleura. 
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WSC 2022-2023 Self-assessment 
Conference 22 

 

1. Which of the following species are very susceptible to malignant catarrhal fever? 
a. Cattle 
b. White-tailed deer 
c. Bison 
d. Sheep 

 

        2.  In malignant catarrhal fever, the largest pool of proliferating lymphocytes are which of the 
following? 
         a.  CD3+ 
         b.  CD4+ 
         c.  CD8+ 
         d.  CD20+ 
 
 

3.  The strong inflammatory response to embolization of dead heartworms in cats is mediated by? 
a. Pulmonary intravascular macrophages 
b. Interstitial mast cells 
c. Eosinophils 
d. Alveolar macrophages 

 

4. True or false?  The large numbers of mitotic figures seen in nodal plexiform vasculopathy 
hinders its differentiation from metastatic hemangiosarcoma. 

a. True  
b. False 

 
5. Aleutian mink disease is characterized by the accumulation of which of the following in a variety 

of tissues? 
      a. Eosinophils 
      b. Mast cells 
      c.  Hypersegmented neutrophils 
      d.  Plasma cells 

      

Please email your completed assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
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CASE I: 
 

Signalment: 
16-years old, female spayed, French bulldog, 
(Canis lupus familiaris) canine 

 
History: 
The dog was presented to the animal hospital 
for mass of the right eye that had grown from 
two months ago. Marked exophthalmos was 
observed in the right eye and enucleation was 
performed. 

 
Gross Pathology: 
Most of formalin fixed material was neo- 
plastic tissue and normal ocular structures 
were unclear. On cut surface, there was scat- 
tered bleeding and necrosis in the tumor tis- 
sue. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
The nonencapsulated and poorly demarcated 
mass surrounded the optic nerve behind the 
globe. The mass consisted of spindle or epi- 
thelioid polygonal cell arranged in whorls, 
bundles or sheets, and often formed tumor is- 
lands of variable size and lobules separated 
by fibrovascular stroma. These tumor cells 
had various amounts of pale eosinophilic cy- 
toplasm with slightly distinct cell margins. 
The cells had ovoid nuclei with stippled chro- 
matin and occasional clear nucleoli. Anisocy- 
tosis and anysokaryosis was mild. 11 mitotic 
figures were observed under 10 high- 

magnification fields of view. Several large to 
small foci of necrosis and hemorrhage were 
also seen. Although no tumor invasion was 
observed into the eye tissue, the neoplastic 
cells extensively invaded into peripheral adi- 
pose and muscle tissues. Clusters of neo- 
plastic cells were seen in some lymphatic or 
blood vessels. The ocular structures mark- 
edly compressed by the tumor. In other spec- 
imens submitted, the corneal epithelium 
showed hyperplastic thickening with some 
small pustules and ulcer. In the substantia 
propria of cornea, severe fibrosis with mild 
hemorrhage, edema and infiltration of lym- 
phocytes can be seen. The structures of the 
iris and ciliary body were collapsed, the lens 
and retinae were obscure. 

 
Contributor’s Morphologic Diagnosis: 
Eye: Orbital meningioma, right eye, dog 

 

Figure 1-1. Presentation, dog. Marked exophthalmos 
was observed in the right eye (Photo courtesy of: De- 
partment of Veterinary Pathology and Public Health, In- 
stitute of Veterinary Science, Univ Laboratory of Pathol- 
ogy, Faculty of Pharmaceutical Sciences, Setsunan Uni- 
versity, 45-1 Nagaotohge-cho, Hirakata, Osaka 573- 
0101, Japan) 
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Figure 1-2. Orbit, dog. A single section of orbit contain- 
ing a compressed phthitic globe and the optic nerve 
projecting downward (top center). An infiltrative mass 
effaces the orbital skeletal and periorbital fat. (HE 

 
 

Contributor’s Comment: 
Meningioma is a common primary brain tu- 
mor in dogs (up to 45%) and cats (60%), and 
most intracranial meningiomas occur as well‐ 
demarcated solitary masses. However, men- 
ingioma in the retrobulbar site accounts for 
only 2 to 3 % of all meningiomas and devel- 
ops surrounding optic nerve area with inva- 
sion into peripheral tissue.14,15 Meningioma 
is derived from arachnoidal cap lining arach- 
noid villi. In veterinary medicine, orbital 
meningioma is considered a primary lesion 
originating in meninge covering intraorbital 
or intracanalicular optic nerve, while in hu- 
man medicine, some are observed as second- 
ary lesion occurring intracranially and extend 
along the optic nerve.6,7 

Orbital meningioma is characterized by pro- 
liferation in sheets or cluster of various sized 
epithelioid cells with glassy eosinophilic cy- 
toplasm and may form whorls or bundles as 
is the intracranial cases, but psammoma bod- 
ies are rare. While chondro-osseous metapla- 
sia is rare in intracranial meningioma, it is 
frequently observed in orbital meningiomas 
and is useful for diagnosis.13,14,18 In 3 previ- 
ous cases in the Wednesday Slide Confer- 
ence, epithelioid or spindle cells arranged in 
small lobules and whorls in 2 cases (Confer- 
ence 19, 2013, Case 2; Conference 20, 2015; 
Case 4) , epithelioid cells arranged in nests 
and sheets predominated in 1 case (Confer- 
ence 7, 2018, Case 4), and chondro-osseous 
metaplasia was seen in all cases. This case is 

thought to be typical orbital meningioma at 
the point of location and histological mor- 
phology except for the lack of chondro-osse- 
ous metaplasia. 

 
Although immunohistochemistry is not al- 
ways necessary in typical cases, it may be 
useful for excluding other differential diag- 
nosis such as carcinoma. In general, neo- 
plastic cells show positive reaction for vi- 
mentin, S100 and neuron specific enolase in 
varying degree, and negative for pancyt- 
okeratin and glial fibrillary acidic protein, 
however, cytokeratin expression was de- 
tected in few cases on a report .2,11,13,15 

 
Orbital meningioma is slow growing and ma- 
lignant variants are rarely reported. One 
study of 22 canine orbital meningiomas re- 
vealed that 6 of 17 recurred and furthermore 
2 of them presented subsequent central blind- 
ness suggesting intracranial invasion of the 
tumor.10 In addition, two other reports 
showed distant metastasis to lung.12,16 These 
aggressive biologic behaviors of this tumor 
might be associated with stage and progres- 
sion at the time of excision. 

 
Malignancy of human orbital meningiomas 
are assessed by WHO grading system for in- 
tracranial meningioma, which depends on 
histologic subtypes and specific cytological 
features.6,7 In canine intracranial meningi- 
oma, application of the system has been pro- 
posed because they are likely to exhibit bio- 
logical similarities to their human 

 

Figure 1-3. Orbit, dog. The neoplastic cells are arranged 
in long streams, bundles, and frequent whorls. (HE, 
39X) 
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Figure 1-4. Orbit, dog. High magnification of neoplastic 
cells. (HE, 388X) 

counterparts, but it is not yet used for orbital 
lesions. The number of cases of canine orbital 
meningioma is small and correlation be 
tween grading and prognosis with both types 
of meningioma has not been validated, there- 
fore the standardization of grading system in 
canine meningioma needs further studies us- 
ing larger caseloads.1,11 

 
This case might have poor clinical outcome 
such as recurring and/or extension into cra- 
nium because of the histopathological fea- 
tures including prominent local invasion, 
lymphovascular invasion and frequent mi- 
totic figures. It was suggested that loss of the 
eye structure was due to compression by the 
neoplastic tissue and secondary inflamma- 
tory change. 

 
Contributing Institution: 
Laboratory of Pathology, Faculty of Pharma- 
ceutical Sciences, Setsunan University, 
45-1 Nagaotohge-cho, Hirakata, Osaka 573- 
0101, Japan 

 
JPC Diagnosis: 
Globe, right: Orbital meningioma. 

 
JPC Comment: 
Meningioma was last seen in the Wednesday 
Slide Conference in 2021-2022, conference 
7, case 2: this case was an intracranial neo- 
plasm in a cat, and the contributor and con- 
ference comments delineate the pathologic 
and historical aspects of this common neo- 
plasm. 

Non-orbital canine meningiomas are classi- 
fied according to the 2007 WHO human 
grading system. The two most common types 
of meningioma, the meningotheliomatous 
(epithelioid) and transitional (mixed) types, 
are both considered grade I, as are fibrous, 
psammomatous, angiomatous, microcystic, 
and myxoid types.3 Grade II meningiomas in- 
clude choroid and atypical meningiomas, 
which have a higher mitotic rate (> 4 per 10 
high power fields) and hypercellularity.3 

Grade III meningiomas include papillary, 
rhabdoid, and anaplastic forms, which have 
cytologic features of malignancy and greater 
than 20 mitotic figures per 10 high power 
fields.3,17 While orbital meningiomas are not 
graded, this week’s moderator, Dr. Jey Koeh- 
ler from Auburn University, described sev- 
eral concerning features which could poten- 
tially be indicative of a more aggressive be- 
havior (and would be characteristic of malig- 
nancy in a non-orbital meningioma): large ar- 
eas of necrosis and regions with significant 
anisokaryosis and high mitotic rate. 

 
A recent study described four cases of the un- 
common rhabdoid meningioma in dogs.17 In 
all cases, the neoplasms were located in the 
olfactory or frontal lobes and were locally in- 
vasive.17 Rhabdoid cells comprised >70% of 
the tumor population, were arranged in 

 
 

Figure 1-5. Orbit, dog. There are large areas of necrosis 
scattered throughout the neoplasm. (HE, 108X) 
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Figure 1-6. Orbit, dog. The compressed globe is phthitic 
– there is remnant pigment outlining the position of the 
ciliary body, uvea and choroid, but the anterior and pos- 
terior chamber are replaced by mature collagen (HE, 
11X) 

sheets, and had well-delineated cell borders, 
abundant eosinophilic cytoplasm, and hya- 
line to fibrillar inclusions which peripheral- 
ized the nucleus.17 On electron microscopy, 
these inclusions were composed of whirling 
intermediate filaments (consistent with a 
rhabdoid morphology), a network of exten- 
sive cell process interdigitations (consistent 
with a rhabdoid-like morphology), or abun- 
dant mitochondria (consistent with an onco- 
cytic meningioma). 

 
In humans, expression of Ki-67, a marker of 
proliferation, and osteopontin, a cytokine 
with multiple activities important in tumor 
progression, are highly correlated to the his- 
tologic grade and recurrence rate of meningi- 
omas.8 Janssen et al recently evaluated 35 ca- 
nine meningiomas and found that neither Ki- 
67 nor osteopontin were correlated with his- 
tologic grading according to the WHO classi- 
fication system for human meningiomas.8 

 
Meningiomas have a characteristic cytologic 
appearance, and samples may be obtained via 
impression smears or crush preparations of 
biopsy or by fine needle aspirate.4,5 As on his- 
tology, samples from meningiomas may 
demonstrate whirling or acini formation and 
psammoma bodies on cytology. Addition- 
ally, neoplastic cells may have intracytoplas- 
mic nuclear invaginations or an elongate nu- 
cleus with a longitudinal, dark blue linear bar 
imparting a “coffee bean” appearance to the 

nucleus.4,5 These characteristic nuclei can be 
seen on histology throughout the neoplasm in 
this case as well. 

 
Another primary neoplasm of the optic nerve 
described in dogs is an ocular astrocytoma.9 

This may arise in the optic nerve or within the 
retina and can lead to retinal detachment.9 
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CASE II: 
 

Signalment: 
14-year-old neutered male Persian cat (Felis 
catus) 

 
History: 
The cat had an acute onset of difficulty walk- 
ing on the hind limbs, with a progressive 
worsening. The cat urinated and defecated in 
inappropriate places with sagging of the 
limbs during urination / defecation; had diffi- 
culty in jumping and appeared depressed. 
Palpation of the thoraco-lumbar spine caused 
discomfort. The cat underwent hospitaliza- 
tion and a complete diagnostic workflow. 
Due to a severe worsening of the symptoms 
and the health status, the cat was euthanized, 
and a necropsy was performed. 

 
Gross Pathology: 
An intramedullary neoformation was present 
in the thoraco-lumbar spinal cord (approxi- 
mately T7). 

 
Laboratory Results: 
Hematobiochemistry: mild leucopenia; hy- 
perazotemia. 

 
 

Figure 2-1. Spinal cord, cat. Multiple sections of spinal 
court are submitted for examination. At subgross mag- 
nification, an infiltrative neoplasm effaces 50-60% of 
the normal architecture. (HE, 6X) 
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Serology for FIV, FeLV, Toxoplasma gondii: 
negative. 
PCR for Feline coronavirus, Neospora cani- 
num, Feline parvovirus, Toxoplasma gondii 
(liquor): negative. 
Liquor cytology: mixed pleocytosis, mainly 
monocytoid and neutrophilic. 
Liver and spleen cytology: mild hepatocellu- 
lar degeneration; splenic extramedullary he- 
mopoiesis. 

 
Microscopic Description: 
Spinal cord. Focally effacing and replacing 
about 60% of the grey and white matter com- 
pressing the adjacent tissue, there is a nodular 
neoplasm of 4 mm that is moderately cellular, 
multifocally infiltrative, moderately demar- 
cated and unencapsulated. 

 
Neoplastic cells are variably arranged in in- 
terlacing streams, short bundles, and sheets 
with scant amounts of supporting fibrovascu- 
lar stroma. A mixed cell population is pre- 
sent. The predominant neoplastic cells are 
round to angular, 20-50 microns large, with 
low nucleus/cytoplasm ratio, variably distinct 
cell borders and abundant eosinophilic cyto- 
plasm that multifocally forms stout pro- 
cesses. Nuclei are 5-15 microns large, round 
to elongated to pleomorphic, eccentric, with 
open-faced chromatin and mostly single 
prominent nucleolus. Rare binucleated neo- 
plastic cells and multifocal megakaryosis are 
observed. Anisokariosis and anisocytosis are 
severe (gemistocyte-like cells; 60%). The 
predominant population is admixed with 
spindle to stellate cells, 10-15 microns large, 
with high nucleus/cytoplasm ratio, indistinct 
cell borders and scant eosinophilic cyto- 
plasm. Nuclei are oval to elongated, 6-8 mi- 
cros large, central with finely stippled chro- 
matin and rarely evident nucleoli. Anisokari- 
osis and anisocytosis are mild (astrocytes; 
40%). Mitoses are less than 1 in 2.37mm2. 

 

 
Figure 2-2. Spinal cord, cat. Slightly higher magnifica- 
tion of one section of spinal cord demonstrating the ne- 
oplasm (HE, 17X) 

In the surrounding white matter axonal 
sheaths are moderately vacuolized (spongio- 
sis). Vessels are hyperemic. 

 
Immunohistochemistry: neoplastic cells are 
diffusely and strongly GFAP-positive, dif- 
fusely and moderately S100-positive; nega- 
tive to CNPase. 

 
Contributor’s Morphologic Diagnosis: 
Spinal cord. Gemistocytic astrocytoma, 
grade II 

 
Contributor’s Comment: 
Gliomas are primary neoplasms of the central 
nervous system originating from glial cells.18 

Astrocytomas are common in dogs, whereas 
they are rare in cats. In cats, astrocytomas 
represent about 2.8% of intracranial neo- 
plasms and 3.5% of spinal ones; the most 
common tumors of the spinal cord in cats are 
lymphoma and osteosarcoma.1,8,18 The most 
frequent location of astrocytomas in cats, ac- 
cording to the literature, is telencephalon, 
with rarer reports in the brainstem, cerebel- 
lum and spinal cord.8,9,12,18 

 
Astrocytomas have variable macroscopic ap- 
pearance, although their presence might be 
hard to assess grossly. They can be firm, 
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palpable masses, ranging from white to gray, 
with ill-defined borders and possible areas of 
necrosis, especially with larger and more ma- 
lignant tumors.3 

 
Histologically, astrocytomas are neuroepi- 
thelial tumors classified in different histolog- 
ical subtypes which correlate to the grade. 
Based on the 2007 World Health Organiza- 
tion (WHO) classification of tumors of the 
central nervous system, there are: 
• Low-grade astrocytomas (grade I), with the 
variants fibrillary astrocytoma, protoplasmic 
astrocytoma, pilocytic astrocytoma, and sub- 
ependymal giant cell astrocytoma; 
• Medium grade astrocytomas (grade II), with 
the gemistocytic variant; 
• Anaplastic astrocytomas (grade III); 
• High-grade astrocytomas (grade IV) or gli- 
oblastoma.3,6 

 
Low-grade astrocytomas are mostly scarcely 
or moderately cellular, unencapsulated, ex- 
pansile, with round to oval neoplastic cells 
replacing the pre-existing tissue. On the other 
hand, the medium grade astrocytomas usu- 
ally are more densely cellular, showing more 
nuclear atypia. Anaplastic astrocytomas are 
characterized by cells with the greater extent 
of atypia and higher mitotic index. In high- 
grade astrocytomas there are frequent areas 
of haemorrhages and necrosis, around which 
neoplastic cells are pseudopalisading. Prolif- 
eration of the endothelium of blood vessels is 

 

Figure 2-3. Spinal cord, cat. The neoplasm is composed 
of large polygonal gemistocytes which are separated by 
bundles of astrocyte process, numerous microglia, and 
fewer Schwann cells and non-neoplatic astrocytes. (HE, 
337X) 

 

 
Figure 2-4. Spinal cord, cat. The neoplasm (and adja- 
cent compressed grey matter) demonstrates strong im- 
munopositivity for glial fibrillary acidic protein. (HE, 
40X) 

present. In this entity high pleomorphism and 
atypia of the neoplastic cells are expected.3 

 
Alongside the well differentiated astrocyto- 
mas reported in cats, the rarer subtypes eg. 
pilocytic astrocytoma, granular cell astrocy- 
toma, angiocentric astrocytoma and anaplas- 
tic gemistocytic astrocytoma are also de- 
scribed.8,9,15,18 There are few reports of 
gemistocytic astrocytoma in cats. Gemisto- 
cytic astrocytoma is considered a medium- 
grade (grade II) tumor that is histologically 
characterized by the prevalence of large cells 
with abundant eosinophilic cytoplasm and 
eccentric oval nuclei (gemistocytic cells).3 

Nevertheless, in human pathology gemisto- 
cytic astrocytomas are no longer recognized 
as a histological subtype but rather as a pat- 
tern ("gemistocytic tissue pattern"), accord- 
ing to 2021 World Health Organization clas- 
sification of tumors of the central nervous 
system.7 A threshold of 20% gemistocytes in 
the neoplastic population is suggested to 
adopt this definition.7 

 
On immunohistochemistry, neoplastic cells 
in gemistocytic astrocytomas are immunore- 
active for glial fibrillar acidic protein 
(GFAP), S100, vimentin, whereas they do not 
stain for CNPase and epidermal growth fac- 
tor receptor (EGFR), in contrast to 
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oligodendrolioma or glioblastoma, respec- 
tively.1,3 Variable immunoreactivity for p53 
was also described in one study, suggesting a 
possible abnormal biological behavior of this 
protein in the pathogenesis of feline astrocy- 
toma.1 

 
We classified the lesion we submitted as a 
gemistocytic astrocytoma taking into consid- 
eration the prevalence of gemistocytic cells 
observed on histology in association with the 
immunohistochemical positivity for S100 
and GFAP and negativity for CNPase. 

 
Contributing Institution: 
San Marco Veterinary Clinic and Laboratory 
Pathology division 
Viale dell'Industria 3, 35030 
Veggiano (PD), Italy 
https://www.clinicaveterinariasanmarco.it/ 

 
JPC Diagnosis: 
Spinal cord: Gemistocytic astrocytoma. 

 
JPC Comment: 
A recent Vet Pathol review article by Rissi 
details the clinical, pathologic, diagnostic, 
and behavioral features of primary central 
nervous system neoplasms in cats. Most in- 
tracranial neoplasms in cats are primary brain 
tumors, and the most common primary brain 
tumor is the meningioma, representing 60% 

 
Figure 2-5. Spinal cord, cat. Neoplastic cells and their 
processes demonstrated strong immunopositivity for 
glial fibrillary acidic protein. (HE, 40X) 

 

 
Figure 2-6. Spinal cord, cat. Adjacent to the neoplasm, 
there are few markedly dilated myelin sheaths continu- 
ing axonal debris and Gitter cells. (HE, 314X) 

of all intracranial tumors and 85% of all pri- 
mary brain tumors. 12 Gliomas are the second 
most common primary CNS tumor of the cat 
but, in the spinal cord and vertebral column, 
gliomas are slightly more common (8%) than 
meningiomas (7%).12 The most commonly 
reported type of glioma in the cat is the astro- 
cytoma; ependymoma and oligodendrogli- 
oma are reported at lower rates.12 

 
Astrocytomas have variable staining for 
GFAP and OLIG-2, whereas oligodendrogli- 
omas have strong labeling for OLIG-2 and 
variable reactivity for GFAP.13 Round cell 
markers may also be useful to rule out lym- 
phoma in neoplasms that lack OLIG-2 stain- 
ing, as lymphoma is the most common spinal 
cord tumor of cats.13 Recently, Elbert and 
Rissi reported on doublecortin immunolabel- 
ing in 11 feline gliomas. Doublecortin (DCX) 
is a protein of neuronal precursor cells. 13 

DCX expression along the periphery of inva- 
sive human gliomas is suggestive of more in- 
vasive behavior. 13 In this study on feline gli- 
omas, DCX was expressed in all 4 astrocyto- 
mas, with more intense staining along the 
margins of the neoplasms. 13 Neuronal nu- 
clear protein (NeuN), expressed by mature 
neurons, was negative in all four astrocyto- 
mas of this study. 13 

 
Gliosarcoma is a rare subtype of the grade IV 
astrocytoma (glioblastoma), and the first doc- 
umented case in a cat was reported by Alva- 
rez et al in 2019. Gliosarcomas are composed 
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of bimorphic cell populations: a glial compo- 
nent and a sarcomatous component; both 
components are thought to arise from a com- 
mon progenitor cell due to their similar ge- 
netic alterations.2 This case was in a 5-year- 
old cat with 1.5-year history of mild neuro- 
logic signs that acutely progressed, and a 
gliosarcoma was discovered in the septum 
pellucidum. Within the glial component, ne- 
oplastic cells histologically resembled astro- 
cytes and were positive for GFAP and nega- 
tive for OLIG-2.2 This case also contained all 
four types of structures of Scherer, which are 
histologic features of invasiveness in glial tu- 
mors.2 Types of Scherer structures include 
spread within the subpial space, perivascular 
infiltration, and perineuronal and perivascu- 
lar satellitosis.2 

 
The glioma entity was first described over 
200 years ago, and several notable 
pathologists have contributed to our 
knowledge of the entity. Rudolf Virchow 
coined the term glioma and provided the first 
histologic description of the neoplasm,11 and 
Howard Tooth, Percival Bailey, and Harvey 
Cushing later expanded the knowledge of gli- 
oma histology. German pathologist Hans Jo- 
achim Scherer (1906-1945), the namesake 
for Scherer structures, also conducted exten- 
sive landmark research on gliomas.11 One of 
the many observations made by Scherer that 
shape our understanding of gliomas is the 
pseudopalisading of neoplastic cells around 
areas of necrosis in glioblastoma multiforme 
(high grade astrocytoma).17 As a researcher 
in Germany during the first half of the 20th 

century, Scherer’s work was both influenced 
and interrupted by Nazi activities and World 
War II. After being arrested by the Gestapo 
in 1933, Scherer fled to Belgium, where pub- 
lished numerous studies on human gliomas 
while employed at the Institute Bunge in Ant- 
werp.10 In 1941, the German military ordered 
Scherer to return to Germany, and he began 
working   at   the   Neurologic   Institute   in 

Breslau (now Poland).10 There, he conducted 
post-mortem examinations on at least 209 eu- 
thanized children, most with neurologic disa- 
bilities.5 Whether his work in this program 
was voluntary or conducted under coercion is 
still unknown, but his prior arrest, his exodus 
from Germany after Hitler rose to power, and 
personal accounts from his acquaintances 
suggest that he was not sympathetic to the 
Nazi party.16 Scherer died in 1945 in a rail- 
way station attacked during one of the last Al- 
lied bombings.11 

 
Readers are encouraged to review Case 1, 
Conference 7, 2021-2022, a grade IV astro- 
cytoma in the dog. The contributor and con- 
ference comments provide an excellent re- 
view of features of canine astrocytoma, in- 
cluding a recently published grading scheme 
for canine gliomas. 
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CASE III: 

 
Signalment: 
2-year-old, female-neutered domestic short 
hair cat (Felis catus) 

 
History: 
The cat was presented in a veterinary practice 
with acute back pain and mild ataxia after a 
jump from a cupboard. The clinical examina- 
tion revealed no specific findings, and the cat 
was treated with non-steroidal anti-inflam- 
matory drugs (NSAIDs) for a suspected trau- 
matic injury of the vertebral bone and spinal 
cord. After 2 days without clinical improve- 
ment, blood work was performed and dis- 
played mild hypophosphatemia (3.1 mg/dl, 
reference range: 3.4 – 8.5 mg/dl) and mono- 
cytosis (6.6%, reference range: 1 – 3%). The 
radiological examination showed no abnor- 
malities in the skeleton or spinal cord but a 
mildly increased interstitial pattern in the 

 

Figure 3-1. Spinal cord, cat. Cross-section with a lep- 
tomeningeal, circumferential, grey, solid neoplasm 
compressing the spinal cord (dashed line: junction tu- 
mor – spinal cord). Scale bar: 2 mm. (Photo courtesy of: 
Department of Pathology, University of Veterinary 
Medicine, Hannover, Buenteweg 17, 30559 Hannover, 
Germany. http://www.tiho-hannover.de/kliniken-in- 
stitute/institute/institut-fuer-pathologie/) 
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craniodorsal lung. The cat was treated further 
with NSAIDs, antibiotics and vitamin B. 
Four days after initial presentation, the cat 
showed mild apathy and severe ataxia with 
markedly reduced proprioceptive reactions in 
all four limbs and reduced segmental reflexes 
in the thoracic limbs. The suspected neuroan- 
atomical localization was the brain or the spi- 
nal cord cranially to Th2. No cells were found 
in the cerebrospinal fluid (CSF). Infection 
with feline coronavirus, bornavirus, Toxo- 
plasma gondii and Bartonella henselae 
within the CSF was excluded via PCR. Com- 
puted tomography (CT) of the entire body 
was performed but showed no abnormalities 
of the central nervous system. During hospi- 
talization, further progressive clinical decline 
and irresponsiveness to treatment resulted in 
lateral recumbency and spontaneous death 
within 6 days after initial presentation. The 
cat was subsequently submitted for necropsy. 

 
Gross Pathology: 
Leptomeninges were diffusely prominent, 
mostly pronounced within cervical segments 
with rostral extension to the medulla 

 

Figure 3-2. Spinal cord, cat. The neoplasm is highly cel- 
lular and restricted to the subarachnoidal space with 
compression of the adjacent neuroparenchyma (ar- 
rows) and omission of the spinal nerves (asterisks). HE, 
bar: 2 mm. (Photo courtesy of: Department of Pathol- 
ogy, University of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany. 
http://www.tiho-hannover.de/kliniken-institute/insti- 
tute/institut-fuer-pathologie/) 

 

 
Figure 3-3. Spinal cord, cat. The leptomeningeal neo- 
plasm is composed of numerous round cells arranged in 
sheets and containing a large hyperchromatic nucleus. 
HE, bar: 50 µm. (Photo courtesy of: Department of Pa- 
thology, University of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany. 
http://www.tiho-hannover.de/kliniken-institute/insti- 
tute/institut-fuer-pathologie/) 

oblongata. After formalin fixation, cross sec- 
tions revealed a well demarcated, gray-beige, 
soft, subdural thickening within the whole 
circumference of the spinal cord, involving 
primarily the cervical part, and the medulla 
oblongata with partial compression of the 
neuroparenchyma. No intraaxial mass was 
found in coronal sections of the brain and spi- 
nal cord. 

 
Laboratory Results: 
The mass was immunostained using the ABC 
method with commercially available antibod- 
ies. Neoplastic cells showed a diffuse, intra- 
nuclear expression of oligodendrocyte tran- 
scription factor 2 (OLIG2) and doublecortin. 
Moreover, tumor cells exhibited a diffuse cy- 
toplasmic expression of microtubule-associ- 
ated protein 2 (MAP2), CNPase and synapto- 
physin. Some of the neoplastic cells dis- 
played a cytoplasmic vimentin expression. 
Ki-67 as a proliferation marker protein was 
detected in more than 50% of the neoplastic 
cells. Scattered ionized calcium-binding 
adapter molecule 1 (Iba1)-positive cells and 
few scattered glial fibrillary acid protein 
(GFAP)-positive cells were present within 
the neoplasm (interpreted as reactive 
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macrophages/microglia and astrocytes, re- 
spectively). Neoplastic cells lacked immuno- 
reactivity for neurofilament (NF), S100 pro- 
tein, neuron specific enolase (NSE), myelin 
basic protein, p75 neurotrophin receptor, 
neuronal nuclear protein (NeuN), periaxin, 
pan-cytokeratin, CD3, CD20, CD79a, paired 
box 5 transcription factor (PAX5) and multi- 
ple myeloma oncogene 1 (MUM1). 

 
Microscopic Description: 
Spinal cord: Expanding the subarachnoidal 
space, there is a solid, non-encapsulated, cell- 
rich, circumferential accumulation of neo- 
plastic cells extending from the arachnoidea 
to the margins of the spinal cord. The neo- 
plasm is composed of closely packed, round, 
mononuclear cells arranged in sheets, accom- 
panied by low amounts of fine fibrovascular 
stroma. The medium-sized cells possess var- 
iably distinct cell borders and contain low 
amounts of finely granular eosinophilic cyto- 
plasm. Nuclei measure 10–15 µm in diame- 
ter, are centrally to eccentrically located, 
round to oval and frequently hyperchromatic 
with one distinct small nucleolus. Multifo- 
cally, large necrotic areas with complete loss 
of cytological details are present. Tumor cells 
exhibit mild anisocytosis and –karyosis with 
a mitotic count of 10 mitoses per 2.37 mm² 
(with variation throughout the samples). Oc- 
casionally, mild hemorrhages are present. 
The neuroparenchyma adjacent to the tumor 
multifocally shows compression and marked 
degenerative changes including spheroid for- 
mation and vacuolation of the white and gray 
matter. 

 
Contributor’s Morphologic Diagnosis: 
Spinal cord: Leptomeningeal oligodendrogli- 
omatosis, feline. 

 
Contributor’s Comment: 
The presented findings relate to a rare case of 
primary diffuse leptomeningeal oligodendro- 
gliomatosis, which represents an 

oligodendroglioma-like tumor with an unu- 
sual distribution. 

 
In contrast to other glial tumors, which 
mostly arise intracranially within the neuro- 
parenchyma and may secondarily infiltrate 
the leptomeninges, primary diffuse lep- 
tomeningeal gliomatosis (PDLG) is defined 
as a diffuse infiltration of the subarachnoidal 
space by neoplastic glial cells without evi- 
dence of a primary intraaxial tumor.27 Having 
been described in humans and in dogs before, 
this entity has recently been reported in an 
older cat.1,10,21,28 The presented case is the 
second report of feline PDLG.2 

 
Histologically, oligodendroglial tumors are 
typically characterized by uniform, densely 
packed cells with vacuolated or eosinophilic 
cytoplasm, a round hyperchromatic nucleus 
and distinct cell borders with variable pat- 
terns of cell arrangement. Delayed formalin 
fixation often causes a perinuclear halo, re- 
sulting in a “honeycomb pattern” appear- 
ance.25 However, these tumors can vary in 
their appearance and origin, which requires 
distinction from other neoplasms (such as 
lymphomas and neurocytomas) by 

 

Figure 3-4. Spinal cord, cat. There are large necrotic ar- 
eas within the neoplasm. HE; bar: 50 µm. (Photo cour- 
tesy of: Department of Pathology, University of Veteri- 
nary Medicine, Hannover, Buenteweg 17, 30559 Han- 
nover, Germany. http://www.tiho-hannover.de/klin- 
iken-institute/institute/institut-fuer-pathologie/) 
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Figure 3-5. Spinal cord, cat. The tumor shows diffuse im- 
munopositivity for OLIG2 (A), doublecortin (B) and 
MAP2 (C). Most tumor cells were also immunopositive 
for synaptophysin (D). Tumor-associated vasculature 
stained positive for vimentin (E). Positive nuclear stain- 
ing for Ki-67 demonstrates high proliferation activity 
(F). bars: 50 µm. (Photo courtesy of: Department of Pa- 
thology, University of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany. 
http://www.tiho-hannover.de/kliniken-institute/insti- 
tute/institut-fuer-pathologie/) 

immunohistochemistry, as performed in the 
present case. Tumor cells in the present case 
exhibited an expression of oligodendrocyte 
transcription factor 2 (OLIG2), doublecortin, 
microtubule-associated protein 2 (MAP2), 
CNPase and synaptophysin. Some of the ne- 
oplastic cells displayed a cytoplasmic vi- 
mentin expression. 

 
Further differentials in humans and domestic 
animals for leptomeningeal cell infiltrates 
include secondary leptomeningeal gliomato- 
sis, ependymoma, pilocytic astrocytoma, or 
multicentric neoplasia and meningitis of au- 
toimmune or infectious etiology.1,5,11,27 In fe- 
lines, the most frequently reported extrapar- 
enchymatous tumors of the spinal cord are 
lymphomas and osteosarcomas.14 An infec- 
tious disease that needs to be considered in 

cats for this localization is feline infectious 
peritonitis (FIP).7,22 

 
To date, the exact origin of PDLG remains 
unknown. Several authors postulated that 
PDLG arises from so-called heterotopic glial 
cell nests, which represent small aggregates 
of glial cells within the subarachnoid space 
arising from protrusions of mature glia cells 
from the neuraxis, but this hypothesis re- 
mains controversial.4,5,19 Occasional simulta- 
neous immunopositivity for OLIG2 and neu- 
ronal markers like synaptophysin or double- 
cortin, as also observed in the present case, 
suggests a histiogenesis from a common pro- 
genitor cell.15,16,18 

 
In humans, the incidence of diffuse lep- 
tomeningeal oligodendroglioma-like neo- 
plasms is higher in children and young adults 
when compared to other age groups.20 Sev- 
eral genetic abnormalities have been at- 
tributed to oligodendroglial neoplasms in hu- 
mans including a 1p/19q deletion.26 Concern- 
ing domestic animals, brachycephalic dog 
breeds are predisposed to develop oligoden- 
droglioma with a suspected defect on chro- 
mosome 26.23,24 The exclusive representation 
of brachycephalic dogs (4 boxer dogs, 1 Staf- 
fordshire bull terrier, 1 Cane Corso) in pub- 
lished cases of canine diffuse leptomeningeal 
gliomatosis may propose a similar breed dis- 
position to PDLG.1,8,10,12 However, further 
case data need to be obtained to confirm this 
assumption. No specific genetic alterations 
have been determined so far for PDLG in do- 
mestic animals. 

 
Intravital diagnosis of PDLG, which is pre- 
dominantly based on MRI findings and ex- 
clusion of other diseases, is challenging due 
to relatively unspecific clinical and CSF find- 
ings and requires histopathological confirma- 
tion.1,5,6,8,10,12,27,28 In most cases, final diagno- 
sis is made at necropsy due to the rapid pro- 
gression and poor prognosis of the tumor.5 
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Contributing Institution: 
Department of Pathology, 
University of Veterinary Medicine, 
Hannover, 
Buenteweg 17, 
30559 Hannover, Germany. 

 
http://www.tiho-hannover.de/kliniken-insti- 
tute/institute/institut-fuer-pathologie/ 

 
JPC Diagnosis: 
Leptomeninges, spinal cord: Oligodendro- 
gliomatosis. 

 
JPC Comment: 
The moderator and conference participants 
had a spirited discussion over the morpho- 
logic diagnosis in this case. As the contribu- 
tor mentions, it is impossible to determine 
whether the oligodendrogliomatosis is a pri- 
mary lesion, or if it arose secondary to a small 
primary tumor not in section. Due to this un- 
certainty, some participants favored a 
broader diagnosis of oligodendroglioma; 
however, most felt that the term oligodendro- 
gliomatosis would provide valuable infor- 
mation for the clinicians, as a focal oligoden- 
droglioma would not be consistent with the 
neurologic signs, advanced imaging patterns 
(MRI with contrast), and gross lesions pro- 
duced by a diffuse leptomeningeal lesion. 

 
In this section, there is a small focus of fibro- 
sis within the meninges, and some partici- 
pants considered a second morphologic diag- 
nosis of fibroma. The moderator explained 
that focal fibrosis within the meninges and in 
the nerve sheath is a common aging change 
in geriatric animals and is not considered ab- 
normal in this case. 

 
In a 2020 Vet Pathol article, Kauer et al de- 
scribed leptomeningeal olgodendrogliomato- 
sis in a 4.5 year old cow which died after pro- 
gressive neurologic signs, including ataxia, 

 

 
Figure 3-6. Spinal cord, cat. Neoplastic cells stain 
demonstrates strong nuclear immunopositivity for Olig- 
2. (anti-Olig-2, 200X) 

circling, and tremors.9 Grossly, the lep- 
tomeninges spanning the cerebellum, ventral 
occipital lobe, and first cervical spinal cord 
segment were expanded by a gelatinous, tan 
to gray mass that protruded into the third and 
fourth ventricles and extended into the thala- 
mus.9 Histologically, the neoplastic cells 
were uniformly round and hyperchromatic, 
arranged in sheets, nests, and cords, and sur- 
rounded by a myxoid matrix.9 There were 
multifocal microcysts filled with mucin. 
Multifocal areas of necrosis, microvascular 
proliferation, and a high mitotic rate were in- 
dicative of malignancy.9 The vast majority of 
tumor cells had strong nuclear immunoreac- 
tivity for Olig-2.9 These features were con- 
sistent with a diffuse high-grade leptomenin- 
geal oligodendrogliomatosis.9 While this is 
the first documented bovine case of diffuse 
leptomeningeal oligodendrogliomatosis, two 
previously documented cases of oligodendro- 
gliomas in cows also featured this diffuse lep- 
tomeningeal growth without identification of 
a primary neoplasm. The authors suggest that 
these prior cases may also be instances of dif- 
fuse leptomeningeal oligodendrogliomato- 
sis.9 

 
Two other rare proliferative lesions of the 
leptomeninges have recently been reported in 
cats: angiocentric astrocytoma and 
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meningiomatosis.3,17 In a 2019 Vet Pathol ar- 
ticle, Rissi et. al described the first veterinary 
case of angiocentric astrocytoma in a 15 year 
old cat with seizures refractory to medical 
therapy.17 On necropsy examination, the lep- 
tomeninges surrounding the olfactory bulbs 
were swollen and firm with multifocal hem- 
orrhage.17 Histologically, blood vessels 
within the leptomeninges of the olfactory 
bulb and extending caudally to the thalamus 
were surrounded by polygonal to elongate, 
sometimes palisading neoplastic cells.17 No 
primary neoplasm was identified. On IHC, 
these cells had strong reactivity for GFAP, 
S100, and vimentin.17 The histologic mor- 
phology, IHC staining, and ultrastructure fea- 
tures of this case were all consistent with a 
diagnosis of astrocytoma, and this case bears 
many similarities to human angiocentric as- 
trocytoma, a rare entity in children and young 
adults.17 

 
The first documented case of meningioangi- 
omatosis in a cat was recently reported by 
Corbett et al.3 Previously, this rare entity has 
been described in humans and dogs. Cor- 
bett’s report details a 13 year old cat with his- 
tory of acute behavioral changes, open mouth 
breathing, and facial twitching that pro- 
gressed to generalized seizures.3 The animal 
died despite 5 days of hospitalization, and on 
necropsy, a unilateral hemorrhagic plaque 
expanded the meninges over the right pyri- 
form, temporal, and ventral aspect of the oc- 
cipital lobes and extended into the subjacent 
cerebral cortex.3 Histologically, the lep- 
tomeninges were thickened by proliferations 
of vimentin-positive spindle cells streaming 
and whirling around blood vessels.3 The his- 
tomorphology and IHC profile were con- 
sistent with the cases of meningioangiomato- 
sis documented in humans and dogs.3 
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CASE IV: 

 
Signalment: 
1-year and 4-month-old, male entire, Lagotto 
Romagnolo dog (Canis lupus familiaris). 

 
History: 
The dog was presented with a 4-month pro- 
gressive history of intention head tremors, 
head bobbing, hypermetria in all limbs, indi- 
cating a cerebellar disease, which were 
slowly progressing in severity. The clinical 
signs started to be present at 4 months of age. 
Magnetic Resonance Imaging (MRI) was 
performed and revealed a diffuse cerebellar 
cortical atrophy, characterized by a moder- 
ately and diffusely reduced in size cerebel- 
lum, accompanied by prominent cerebellar 
folia and sulci. Based on the clinical sings 
and MRI findings, the main clinical differen- 
tial diagnosis was a neurodegenerative dis- 
ease, such as altered autophagy and cerebel- 
lar storage disease of the Lagotto Romagnolo 

 
 

Figure 4-1. Cerebellum, dog. The cerebellum was dif- 
fusely reduced in size. (Photo courtesy of: Veterinary 
Pathology Service, School of Veterinary Medicine and 
Science, University of Nottingham, College Road, Sut- 
ton Bonington, Loughborough, LE12 5RA, United King- 
dom https://www.nottingham.ac.uk/vet/service-for- 
business/veterinary-pathology-service/index.aspx ) 

due to an unidentified mutation, or another 
form of cerebellar abiotrophy. 

 
The dog was humanely euthanized and sub- 
mitted for a post-mortem examination 
(PME). 

 
Gross Pathology: 
At PME, macroscopic lesions were restricted 
to the cerebellum, which was diffusely and 
moderately reduced in size. Upon sectioning 
of the formalin-fixed cerebellum, the cortical 
cerebellar folia appeared markedly thinned. 

 
Laboratory Results: 
The genetic test LSD for the ATG4D gene 
mutation, as a specific DNA test for cerebel- 
lar storage disease in Lagotto Romagnolo, 
was negative. 

 
Microscopic Description: 
Cerebellum: Diffusely, the cerebellar folia 
are markedly flattened and there is diffuse, 
marked thinning and hypocellularity of the 
granular cell layer with marked loss of gran- 
ular cells, leading to almost complete absence 
of this layer accompanied by moderate to 
marked vacuolation of the neuropil (spongio- 
sis). Rarely, remaining granular cells are ei- 
ther swollen with a vacuolated cytoplasm 
(degeneration), or shrunken with pyknotic 
nucleus (necrosis). Glial and microglial cells 
are diffusely observed replacing the granular 
layer. 

 
The Purkinje cell layer appears rarely af- 
fected with occasional loss of Purkinje cells 
which are often replaced by large, irregularly 
round, clear areas (empty baskets). Multifo- 
cally, scattered Purkinje cells are either 
shrunken with angular cellular profile, have a 
hypereosinophilic cytoplasm and pyknotic 
nucleus (necrosis) or are rarely swollen with 
central chromatolysis (degeneration). Rarely, 
swollen, pale eosinophilic proximal Purkinje 
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cell axons (torpedoes) are observed extend- 
ing into the granular cell layer. 

 
Diffusely, the molecular layer appears re- 
duced in thickness, but is otherwise unre- 
markable. 

 
Contributor’s Morphologic Diagnosis: 
Cerebellum: Diffuse, severe, granular cell 
degeneration and loss, with spongiosis, and 
mild, multifocal Purkinje cell loss 

 
Contributor’s Comment: 
Detailed macroscopic examination in a 1- 
year and 4-month-old Lagotto Romagnolo 
dog revealed a severe, diffuse, and symmetric 
cerebellar atrophy, histologically character- 
ized by a diffuse depletion of the cerebellar 
granular cell layer neurons, with relative 
sparing of the Purkinje cell layer, compatible 
with a cerebellar granuloprival degeneration 
(CGD). CGD is a type of cerebellar cortical 
degeneration, also termed cerebellar atrophy 
or abiotrophy. 

 
Cerebellar cortical abiotrophies (CCAs) are a 
group of rare diseases characterized by prem- 
ature or accelerated and progressive degener- 
ation and loss of fully developed neurons, 
secondary to a presumed intrinsic metabolic 
defect.2 CCA has been described as a heredi- 
tary defect in various species, such as various 
dog breeds7,-9,12,18, Arabian horses14,17, rab- 
bits16, goats10, and rarely in cats2,18. 

 
Animals with CCA are usually neurologi- 
cally normal at birth and then start to develop 
progressive signs of cerebellar disease in 
weeks, months or less commonly years after 
birth. Histologically, there is a characteristic 
degeneration and loss of Purkinje cells, 
which could be accompanied by secondary 
loss of granule cell neurons, as a retrograde 
degeneration.4,6 

 

 
Figure 4-2. Cerebellum, dog. The cortical cerebellar folia 
appeared markedly thinned (Photo courtesy of: Veter- 
inary Pathology Service, School of Veterinary Medicine 
and Science, University of Nottingham, College Road, 
Sutton Bonington, Loughborough, LE12 5RA, United 
Kingdom https://www.nottingham.ac.uk/vet/service- 
for-business/veterinary-pathology-service/index.aspx 

The case presented herein, represents an un- 
usual presentation of cerebellar cortical de- 
generation/abiotrophy in a Lagotto Ro- 
magnolo dog, characterized by marked de- 
generation and loss of granular cell neurons 
with relative sparing of Purkinje cells. Based 
on these histopathological features, this con- 
dition has been named cerebellar granulo- 
prival degeneration (CGD). 

 
The main differential diagnosis based on the 
breed, clinical signs, and MRI findings was 
altered autophagy and cerebellar storage dis- 
ease of the Lagotto Romagnolo. This disease 
is characterized by progressive cerebellar 
ataxia and cerebellar atrophy as the main 
MRI finding, as observed in this case. How- 
ever, the characteristic histopathological 
changes of the cerebellar storage disease of 
the Lagotto Romagnolo, consisting of wide- 
spread neuronal cytoplasmic vacuolization 
within both the central and peripheral nerv- 
ous system, marked progressive Purkinje cell 
loss accompanied by reduction of granular 
cell neurons, as well as spheroid formation 
and cytoplasmic vacuolation in extra-neural 
tissues (e.g., pancreatic acinar cells, prostate, 
mammary gland)11, were not observed in the 
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reported case, excluding this disease as a de- 
finitive diagnosis. 

 
CGD has been occasionally reported in vari- 
ous dog breeds, including an Australian kel- 
pie and a Labrador retriever, an Italian hound, 
a Chihuahua, and Border collies, Bavarian 
mountain and Lagotto Romagnolo dogs.3,7- 
9,12,15 

 
 

The etiology and pathogenetic mechanisms 
leading to CGD are still not completely un- 
derstood, and, although the development of 
CCA in some dog breed has been attributed 
to a genetic abnormality, no specific genetic 
mutation has been yet identified for canine 
CGD. Inflammatory and infectious diseases 
have been considered as differential causes 
for CGD. In Coton de Tulear dogs, two forms 
have been recognized: the neonatal cerebellar 
ataxia (aka Bandera’s neonatal ataxia) caused 
by a mutation of the GRM1 gene [4], and a 
suggested immune-mediated form where the 
destruction of granular cell neurons results 
from an immune system defect.19 

 
In the presented case, the pathogenetic mech- 
anism leading to CGD was unclear although 
the histopathological features were not con- 
sistent with an inflammatory/infectious etiol- 
ogy. Therefore, a genetic origin was consid- 
ered more likely. Further studies are needed 

 

Figure 4-3. Cerebellum, dog. Cerebellar folia are mark- 
edly thinned and hypocellular. (HE, 5X) 

to elucidate the pathogenesis of this condition 
in dog breeds. 

 
Contributing Institution: 
https://www.nottingham.ac.uk/vet/ser- 
vice-for-business/veterinary-pathology- 
service/index.aspx 

 
JPC Diagnosis: 
Cerebellum: Granule neuron degeneration 
and loss, diffuse, severe, with mild multifocal 
Purkinje cell loss. 

 
JPC Comment: 
The contributor provides an interesting and 
uncommon presentation for cerebellar degen- 
eration which was last seen in case 1, confer- 
ence 12, 2016, in a Coton de Tulear dog. 

 
The moderator explained that granule cells 
receive most of their stimulation from 
Purkinje cells, thus are quite susceptible to 
transsynaptic degeneration during Purkinje 
cell injury. In the case of granule cell injury, 
however, Purkinje cells continue to receive 
stimulation from other neurons (such as the 
climbing fibers from the olive nucleus), mak- 
ing them more resistant to transsynaptic de- 
generation. This explains why the secondary 
Purkinje cell loss was less severe than the pri- 
mary granule cell loss in this case. 

 
Certain viruses can infect and destroy neuro- 
blast precursors of granule cells in the cere- 
bellum, so an important differential for cere- 
bellar degeneration in young animal to con- 
sider is in utero viral infection.20 In addition 
to granule cell loss, immature Purkinje cells 
may be fewer in number or malpositioned in 
the molecular layer, as granule cells to form 
the scaffolding for migration.13,20 Viruses as- 
sociated with cerebellar dysplasia include fe- 
line and rat parvoviruses; porcine and bovine 
pestiviruses (classical swine fever virus and 
bovine viral diarrhea virus), and certain bun- 
yaviruses (Akabane virus, Cache valley 
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virus, and Ainovirus).1,20 Kilham’s rat parvo- 
virus and minute virus of mice (mouse parvo- 
virus) cause cerebellar hypoplasia in rats and 
mice, respectively, and both of these rodent 
parvoviruses can also cause cerebellar hypo- 
plasia in experimentally infected Syrian ham- 
sters.1 In pigs, cerebellar hypoplasia can also 
be induced in utero when sows are treated 
with certain organophosphates late in gesta- 
tion.20 

 
Purkinje cells are named after their discov- 
erer, 19th century Czech physiologist Jan 
Evangelista Purkinje (1787-1869).5 Purkinje 
conducted extensive research and contributed 
to the advancement of multiple disciplines, 
including histology, embryology, and anat- 
omy. The abundance of his research is evi- 
denced in the variety of histoanatomic struc- 
tures and physiologic phenomena that bear 
his name. In ocular physiology, Purkinje de- 
scribed dark adaptation, now known as the 
Purkinje phenomenon, where the perceived 
intensity of the color red decreases faster than 
green and blue as light intensity increases. He 
also described how a bright light in dim sur- 
roundings produces four images (Purkinje- 
Sanson images). These images are generated 
by the planes of transition as light passes 
through the eye: the anterior corneal surface, 
posterior corneal surface, anterior lens sur- 
face, and posterior lens surface. With the ben- 
efit of improved microscope technology, 
Purkinje also provide the first description of 
cells in the cerebellum. Camillo Golgi (with 
his newly developed silver stain) and 

 

 
Figure 4-4. Cerebellum, dog. There is almost total de- 
pletion of the granular cell layer. (HE, 180X) 

 

 
Figure 4-5. Cerebellum, dog. There is multifocal loss of 
Purkinje cells with proliferation of Begmann’s asto- 
cytes. (HE, 370X) 

Santiago Ramon y Cajal later described 
structure and processes of these cells, and Ca- 
jal recommended the cells be dubbed 
Purkinje cells. Purkinje’s pursuit of 
knowledge did not stop with the external 
world; he also conducted pharmacologic ex- 
periments on himself, investigating the ef- 
fects of agents such as digitalis extract, bella- 
donna, camphor, and turpentine. There is 
some irony in the long list of discoveries 
which bear Purkinje’s name, as Purkinje him- 
self stated, “Science is not about names but 
discoveries.”5 
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WSC 2022-2023 Self-assessment 
Conference 23 

 

1. Which of the following is very characteristic of orbital meningiomas in the dog? 
a. Sparing of the orbital muscles 
b. Chondro-osseus metaplasia 
c. Their location behind the optic chiasm 
d. Psammoma body formation 

 

        2.  Which of the following is the most common location for astrocytoma in cats? 
         a.  Brainstem 
         b. Thalamus 
         c.  Telencephalon 
         d.  Cerebellum 
 
 

3.  In addition to humans and cats, primary leptomeningeal oligodendrogliomatosis has been 
reported in which species? 

a. Baboons 
b. Horses 
c. Dogs 
d. Cattle 

 

4. True or false?  Animals with cerebellar cortical abiotrophy are typically clinically normal at birth. 
a. True  
b. False 

 
5. True of false.  Cerebellar granulomprival degeneration demonstrates relative sparing of 

neurons.? 
      a. True 
      b.  False 

      

Please email your completed Asessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 

501



Joint Pathology Center 
Veterinary Pathology Services 

 
WEDNESDAY SLIDE 
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CASE I: 
 

Signalment: 
13-day old male Holstein calf (Bos taurus). 

 
History: 
This male Holstein calf was unable to stand 
since birth. There were increased lung sounds 
and bilateral nasal discharge. There was 
asymmetry in the right tuber coxae. Radio- 
graphic changes suggested congenital unilat- 
eral hip dysplasia. 

 
Gross Pathology: 
The calf was in good body condition with 
symmetrical muscle mass but was smaller 
than normal. The umbilical stump is dry. 

 
The joint capsule of the right coxofemoral 
joint is thickened up to 2 cm by tough white 
fibrous tissue and gelatinous or clear to yel- 
low fluid. Within the joint capsule are thick 
mats of yellow-tan friable material resem- 
bling fibrin. The synovial fluid is yellow and 
less viscous than normal. The cartilage of the 
femoral head is dull and irregular with a 
punctate to moth-eaten appearance. There is 
gelatinous thin strands of fibrin with focal 
hemorrhage within the left stifle and right tar- 
sal joint. The rest of the body was normal. 

 
Laboratory Results: 
No aerobic or anaerobic bacteria were iso- 
lated from the hip joint. The joint capsule was 
positive for Ureaplasma sp by PCR 

 
Microscopic Description: 
The tissue on this slide includes joint capsule 
with synovial membrane, femoral head with 
articular epiphyseal cartilage complex, 
epiphysis, physeal cartilage and metaphysis. 
Within the wall of the joint capsule are aggre- 
gates of neutrophils and macrophages with 
high-protein fluid including fibrin. There is 
fibrous tissue surrounding these areas. The 
synovial membrane has villus formation and 
synoviocytes are hypertrophied and up to 3 
cells thick. 

 
There is fibrin with neutrophils beneath the 
synovial membrane at the transition zone, the 
junction between joint capsule and perios- 

 

Figure 1-1. Joint, calf. The joint capsule of the right 
coxofemoral joint is thickened and fibrotic up to 2 cm. 
and contains thick mats of fibrin. The synovial fluid is 
yellow and less viscous than normal. The cartilage of 
the femoral head is dull and irregular with a punctate 
to moth-eaten appearance. (Photo courtesy of: Depart- 
ment of Pathobiology, Ontario Veteirnary College, Uni- 
versity of Guelph, Guelph, Ontario, Canada; 
https://ovc.uoguelph.ca/pathobiology). 
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Figure 1-2. Joint, calf. One section of markedly thick- 
ened joint capsule (left) and the femoral head are sub- 
mitted (right). (HE, 5X) 

 

teum. The articular epiphyseal cartilage com- 
plex is mostly normal however within the 
epiphysis is a region of fibrosis and connec- 
tive tissue replacement of hematopoietic mar- 
row of the intertrabecular spaces. Some of 
this fibrous tissue has mature collagen. 

 
Contributor’s Morphologic Diagnoses: 
Osteomyelitis of femoral head, neutrophilic 
and histiocytic fibrosing joint capsulitis/peri- 
arthritis and synovial hyperplasia. 

 
Contributor’s Comment: 
The history, diagnostic imaging findings, 
gross pathology findings and histopathology 

indicates this is a congenital infectious arthri- 
tis and osteomyelitis. The identification of 
Ureaplasma confirms this as fetal infection 
and arthritis with Ureaplasma diversum. This 
is an uncommon manifestation of 
Ureaplasma infection, which is better known 
for inducing amnionitis and fetal pneumonia 
with large lymphoid follicles around bronchi. 
The location of the reaction in the coxofemo- 
ral joint is typical of this entity. 

 
Contributing Institution: 
Department of Pathobiology, Ontario Veteri- 
nary College, University of Guelph, 
Guelph, Ontario, Canada 
https://ovc.uoguelph.ca/pathobiology/ 

 
JPC Diagnosis: 
Coxofemoral joint: Arthritis, pyogranuloma- 
tous and proliferative, diffuse, severe, with 
osteomyelitis and articular cartilage necrosis 
and erosion. 

 
JPC Comment: 
In large animals, neonatal polyarthritis is 
commonly the result of systemic infection 
secondary to omphalophlebitis and/or failure 

 

 
Figure 1-3. Joint capsule, calf. There are prominent synovial villi (left) and the joint capsule is expanded by marked inflam- 
mation and fibrosis (right). (HE, 25X) 
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Figure 1-4. Joint capsule, calf. Areas of necrosis within the joint capsule are infiltrated by large number of viable and necrotic 
neutrophils, macrophages, and rare multinucleated giant cell macrophages. (HE, 272X) 

of passive transfer with subsequent immuno- 
deficiency. In calves, the most common or- 
ganisms associated with neonatal polyarthri- 
tis are coliforms and streptococcus. Both 
agents result in systemic lesions, including fi- 
brinosuppurative meningitis and polyarthri- 
tis. Streptococcus septicemia also character- 
istically causes embolic iridocyclitis with hy- 
popyon and corneal clouding.3 

 
Another important differential for polyarthri- 
tis in calves is Mycoplasma bovis¸ which be- 
longs to the same order as Ureaplasma.3 M. 
bovis causes a variety of diseases in cattle in- 
cluding pneumonia, mastitis, otitis media in 
calves, and polyarthritis.3 Calves are infected 
by consuming the bacterium in the milk of in- 
fected cows and often develop concurrent 
pneumonia. Histologically, affected joints 
have fibrinosuppurative and erosive arthritis 
with synovial hyperplasia.3 

 
Ureaplasma diversum differs from these ne- 
onatal infections as infection in calves begins 
in utero. U. diversum is a common commen- 
sal organism found in the nasal passage and 

male and female reproductive tracts of cat- 
tle.6 The bacteria is transmitted by coitus and 
as a major cause of reproductive loss in cat- 
tle.5 It causes urogenital infections such as 
vaginitis and endometritis in cows and semi- 
nal vesiculitis in bulls.6 Pregnant cows in- 
fected with virulent strains may have third tri- 
mester abortions or give birth to weak or still- 
born calves.5 The bacterium causes necrotiz- 
ing placentitis and mild arteritis which affect 
the amnion more severely than the chori- 
oallantois.5 Aborted calves are well pre- 
served and fetal membranes may be retained. 
Calves may have erosive conjunctivitis and 

 

Figure 1-5. Femoral head, calf. There is a focal area of 
medullary fibrosis within the femoral epiphysis. (HE, 
72X) 
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Figure 1-6. Femoral head, calf. There is osteoclastic re- 
modeling of boney trabeculae at the edge of the area 
of epiphyseal fibrosis. (HE, 72X) 

nonsuppurative alveolilis.5 Interstitial pneu- 
monia in a calf due to U. diversum was re- 
cently seen in WSC, year 2021-2022, Confer- 
ence 24, Case 2; readers are encouraged to re- 
view that case for a full histologic picture of 
the infection in calves. 

 
This case illustrates another sequela to U. di- 
versum infection in utero: severe erosive pol- 
yarthritis3,4. The infection may affect one or 
multiple joints and tends to target the 
coxofemoral joint, shoulders, elbows, stifle, 
and carpal and tarsal joints.3,4 In affected 
joints, articular surfaces are deformed, with 
irregularly thinned cartilage and extensive 
granulation tissue that extends into the sub- 
chondral bone.3,4 

 
One last differential to consider for severe 
polyarthritis in calves is Chlamydia pecorum. 
Infection may occur due to ingestion of the 
bacteria or in-utero infection.3 Virulent 
strains of this obligate intracellular bacteria 
spread from the intestine via portal circula- 
tion to the liver and then systemically were it 
ultimately finds the joints.3 Affected animals 
are febrile, depressed, and reluctant to move.3 

In addition to severe polyserositis and menin- 
goencephalitis, there is severe serofibrinous 
arthritis with edema and petechiation in the 
adjacent soft tissue.1,3 

 
Conference participants discussed the quality 
of the primary and secondary spongiosa in 
this section. The thin, delicate spicules that 

with retained cartilage cores led some confer- 
ence participants to consider osteogenesis 
imperfecta as a secondary process. Accord- 
ing to the history provided by the contributor, 
this animal was never able stand, so partici- 
pants also considered disuse osteopenia as a 
potential cause for these findings. 
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CASE II: 
 

Signalment: 
12-year-old, male, mixed breed, dog (Canis 
familiaris) 
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History: 
Left shoulder pain for 1 year. Radiographs 
show marked proliferation of bone around 
the shoulder joint involving, among other, the 
glenoid cavity, the head of the humerus and 
the greater tubercle. The limb was amputated. 

 
Gross Pathology: 
The specimen received was approximately 
15cm in diameter. It was rigid and consisted 
of bone covered with muscle, tendons and 
connective tissue. Normal anatomic land- 
marks, including the joint, were not identi- 
fied. The specimen was sliced transversely 
and sampled in several areas. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Near the outer surface of the bone there is an 
elongate cystic structure in the wall of which 
there are several variably sized nodules of 
low cellularity composed of spindle and stel- 
late cells with small hyperchromatic nuclei 
and thin and long cytoplasmic processes 
floating in optically empty spaces. The nod- 
ules are surrounded by fibrous tissue and/or 
more densely packed neoplastic tissue. In 

 

 
Figure 2-1. Scapulohumeral joint, dog. Pre-amputation 
radiographs demonstrate marked proliferation of bone 
around the shoulder joint involving, among other, the 
glenoid cavity, the head of the humerus and the greater 
tubercle. (Photo courtesy of: The Weizmann Institute of 
Science; http://www.weizmann.ac.il/) 

 

 
Figure 2-2. Scapulohumeral joint, dog. One section of 
the scapulohumeral joint with the joint capsule and hu- 
meral head is submitted for examination. (HE, 6X) 

 

The nodules form an aggregate near the outer 
surface of the bone. Mitotic figures are rare. 
In both slides, the undulant contour of adja- 
cent bone suggests compression by the pro- 
liferative tissue and there is probable osteo- 
phyte formation (bone islands away from the 
bulk of the bone). Polygonal cells of uncer- 
tain identity are attached to the inner aspect 
of the pseudocyst. 

 
Contributor’s Morphologic Diagnoses: 
Synovial myxoma 

 
Contributor’s Comment: 
Synovial myxoma is the most common be- 
nign neoplasm in the joints of dogs.3 Its mi- 
croscopic appearance is characteristic but be- 
cause it is an uncommon tumor 86% of cases 
in one report were initially diagnosed as ma- 
lignant.1 The tumor typically consists of var- 
iably sized nodules composed of a low num- 
ber of stellates to spindle cells surrounded by 
abundant hypovascular myxoid matrix.1,3 

 
The findings in a series of 39 cases indicate 
that large breed, middle-aged dogs, espe- 
cially Doberman Pinschers and Labrador re- 
trievers were commonly affected, and the sti- 
fle and digits were the most common sites. 
Survival times were long (average >2.5 
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Figure 2-3. Scapulohumeral joint,dog. The joint space 
and is expanded by a multilobular mass with abundant 
clear myxomatous stroma. (HE, 6X) 

 

years) even with incomplete excision. Three 
of 39 cases had local recurrence, but none 
metastasized or directly resulted in death.1 

Whilst some cases are confined to the joint 
capsule, others are infiltrative and grow along 
fascial planes. This appears to be the case in 
the submitted slides in which the tumor is lo- 
cated near bone and not within the joint. In 
the series of 39 cases, bone invasion was seen 
in 8 dogs. The authors concede that bone in- 
vasion is not typical of benign tumors, but 
their rationale to use the same diagnosis for 
all cases was the similarity of the histologic 
features of the tumors, irrespective of the 
presence of bone invasion.1 Cases without 

bone lysis or expansion outside the joint cap- 
sule can be treated with synovectomy. Of 
cases confined to the joint capsule and treated 
with synovectomy, 10% recur.3 Cases with 
bone lysis cause significant pain and usually 
require amputation.3 

 
The viscous fluid produced by these tumors 
suggests that they originate from type B (fi- 
broblast-like) synoviocytes which produce 
synovial fluid,1 but this remains unproven as 
there are no reliable markers for this cell2 and 
the IHC results in the case series cited above 
showed significant positive staining for 
CD18, which is a marker for type A synovio- 
cytes.1 

 
Previous designations of this entity include 
myxoma of the synovium – the term used for 
this entity when it was first described by RR 
Pool in 1990 (in the 3rd edition of Meuten’s 
Tumors in Domestic Animals), myxosarcoma 
and nodular synovial hyperplasia.3 

 
The submitted case is unusual in involving 
the shoulder, which was not affected in any 
case of the large case series. 

 
 

 
Figure 2-4. Scapulohumeral joint, dog. There is a large lobule of the neoplasm, a smaller developing nodule, and more 
diffuse infiltration of the joint capsule (right). (HE, 17X) 
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The three most common tumors of the canine 
synovium are histiocytic sarcoma, synovial 
cell sarcoma, and synovial myxoma, with 
widely divergent prognosis. Because bone in- 
vasion may be present in synovial myxoma, 
the 3 tumors cannot be differentiated radio- 
graphically. Synovial myxoma can be identi- 
fied by its characteristic histologic appear- 
ance. Immunohistochemistry can be used to 
differentiate synovial histiocytic sarcoma 
(cytokeratin negative, CD18 positive) – the 
most common malignant tumor from the syn- 
ovial cell sarcoma (cytokeratin positive, 
CD18 negative), which is a controversial en- 
tity in animals.1,2 

 
Contributing Institution: 
The Weizmann Institute of Science 
http://www.weizmann.ac.il/ 

 
JPC Diagnosis: 
Joint capsule: Synovial myxoma. 

 
JPC Comment: 
A few reports of synovial myxomas with 
atypical presentations in dogs have been re- 
ported. Izawa et al describe a synovial myx- 
oma with intramuscular infiltration as an in- 
cidental finding in a 16-year-old dog that was 
euthanized due to progressive renal failure. 
The dog had no clinical signs of lameness, 
and the tumor was only described when a 
jelly-like substance was discovered between 
skeletal muscles of the hind limb on nec- 

 
 

Figure 2-5. Scapulohumeral joint, dog. Neoplastic cells 
are spindled with long processes and pink vacuolated 
cytoplasm. (HE, 710X) 

 

 
Figure 2-6. Scapulohumeral joint, dog. There is scallop- 
ing of the humeral cortex in apposition to the neoplasm 
as a result of remodeling due to pressure. (HE, 103X) 

 

ropsy.4 There were also multiple small trans- 
lucent nodules in the stifle. Histologically, 
the nodules had the classic appearance of a 
synovial sarcoma, with few spindle to stellate 
cells embedded in abundant myxoid matrix, 
and similar nodules were identified in the 
jelly-like areas between muscles.4 

 
Neary et al described a synovial myxoma as- 
sociated with the cervical articular facet in a 
12-year-old mixed breed dog. The animal 
presented with a two-week history of pro- 
gressive neurologic deficits and tetraparesis, 
and the dog was successfully treated with a 
dorsal hemilaminectomy and facetectomy.6 

 
Synovial myxomas were recently described 
in cats as well. In a 2020 Vet Pathol article, 
Craig et al described synovial cystic and 
myxomatous lesions in 16 cats. Most (12) of 
the masses were located in the elbow, and in 
all cases, the masses were unilateral. Three 
cats had masses composed of cysts; two cats 
had masses composed of spindle cells on 
myxomatous matrix (myxoma); and 11 cats 
had a combination of cysts and myxoma. 
While most of the lesions increased with 
time, the lesion was not the cause of natural 
death or euthanasia in any of the cats. Since 
the majority of the cats in this study also had 
bilateral degenerative joint disease, the au- 
thors hypothesized that synovial cysts ini- 
tially form due to increased articular pressure 
and herniation of synovium; myxomas then 
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form when there is subsequent neoplastic 
transformation.2 

 
A single report of a synovial myxoma has 
been published in a 5-year-old rabbit. The af- 
fected hind limb was amputated, and grossly, 
the neoplasm partially effaced the femur and 
stifle joint, elevating the patella and extend- 
ing into the fascia between muscles. Histo- 
logically, the neoplasm had the classic fea- 
tures of myxoma and was frequently sur- 
rounded by reactive bone, fibrosis, or carti- 
lage. The authors recommended using the 
term “infiltrative” as part of the diagnosis for 
such invasive tumors to provide a better de- 
scription of the biologic behavior.5 
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CASE III: 
 

Signalment: 
2 years and 6 months old female Holstein 
Friesian Cow (Bos taurus). 

 
History: 
The cow was euthanized due to a large 
(41.5cm circumference), round, firm, ulcer- 
ated mass with embedded incisors at the ros- 
tral aspect of the mandible. Whilst the cow 
was unable to hold saliva, she was still able 
to eat and drink with some adaptation. 

 
Gross Pathology: 
A very large (160x140x160 mm), expansile, 
broad based, firm, pink to red mass extends 
from the dorsolingual aspect of the rostral 
mandible,  displacing  teeth  301,  302,  401, 
402, 403 and 404 laterally. Approximately 
70% of the surface of the mass is ulcerated. 
On cut surface, the mass exhibits a central 
60x24x16 mm cavity which contains approx- 
imately 15 ml of clear, yellow tinged, watery 
fluid surrounded by cream to yellow to pale 
pink, variably soft to very firm, gelatinous to 
fleshy tissue. Where the mass merges with 

 

Figure 3-1. Mandible, ox. A 1.6 cm expansile, broad 
based neoplasm extends from the dorsolingual aspect 
of the rostral mandible, displacing teeth 301, 302, 401, 
402, 403 and 404 laterally. (Photo courtesy of: Division 
of Pathology, Public Health and Disease Investigation 
Veterinary Diagnostic Services, School of Veterinary 
Medicine, College of Medical, Veterinary and Life Sci- 
ences, University of Glasgow (Garscube Campus) 464 
Bearsden Road, Glasgow G61 1QH, Scotland, 
https://www.gla.ac.uk/schools/vet/cad/ ) 
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regular mandible, the mandible is thickened 
to a maximum thickness of 69 mm. 

 
The forage in the forestomaches, particularly 
the rumen, is excessively long. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Mandibular mass: The section contains parts 
of a large and moderately cellular mass which 
comprises loosely to moderately densely and 
haphazardly arranged, very vague bundles 
and streams of neoplastic cells, situated in 
and supported by a moderate to large 
amounts of multifocally mildly oedematous, 
fine collagenous stroma, interspersed with 
numerous elongated, partially anastomosing 
bony spicules and trabeculae arranged in par- 
allel to one another and perpendicular to the 
superficial surface. The bone trabecules are 
lined by a largely one cell (ranging up to three 
cells) thick layer of polygonal to elongate 
cells with eosinophilic/mildly basophilic cy- 
toplasm and round to oval nuclei with finely 
stippled to clumped and marginated chroma- 
tin (osteoblasts). The neoplastic cells are 

 

Figure 3-2. Mandible, ox. Dissected specimen of this 
mandibular neoplasm (Photo courtesy of: Division of 
Pathology, Public Health and Disease Investigation Vet- 
erinary Diagnostic Services, School of Veterinary Medi- 
cine, 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/ ) 

 

 
Figure 3-3. Mandible, ox. One section of undecalcified 
maxilla is submitted for examination. The mass is com- 
posed of spindle cells and fibrous matrix separated by 
parallel trabeculae of unmineralized mature woven 
bone. (HE, 6X) 

spindle-shaped to stellate-shaped with mod- 
erately defined cell boundaries and small 
amounts of eosinophilic cytoplasm. Their nu- 
clei are irregularly oval with finely stippled 
to mildly clumped, commonly also mar- 
ginated chromatin and one or two, small ba- 
sophilic nucleoli. Anisocytosis and anisokar- 
yosis are mild, very small numbers of binu- 
cleated cells are present and less than one mi- 
totic figure is seen in 10 high power fields. 
Mitotic figures, however, are more evident in 
those regions close to bone formation and at 
the interface between bone and collagenous 
tissue, where also a substantial increase in 
cellularity is evident. 

 
The mucosa is diffusely ulcerated, and cov- 
ered by fibrin, eosinophilic and basophilic 
cellular debris and large numbers of viable 
and degenerate neutrophils, in deeper levels 
admixed with small numbers of macro- 
phages, lymphocytes and plasma cells which 
in turn are situated amongst plump fibro- 
blasts vaguely orientated parallel to the sur- 
face and small vessels lined by hypertrophied 
endothelial cells orientated perpendicular to 
the superficial surface (granulation tissue for- 
mation). 

 
Very small numbers of lymphocytes, plasma 
cells and macrophages are diffusely distrib- 
uted throughout the neoplastic population 
and commonly also seen forming very small 
aggregates in perivascular location. 
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Contributor’s Morphologic Diagnoses: 
Mandible, rostral aspect: Ossifying fibroma, 
bovine, Bos taurus. 

 
Contributor’s Comment: 
Ossifying fibromas (OF) are benign, prolifer- 
ative, intraosseous lesions with a rapid 
growth  rate   and   strong predilection for 
the mandible.3,17 OF are most frequently rec- 
ognized in human beings and young horses 
(<1 year old)8, but have also been described 
in dogs2,3,6,7, cats3, sheep3, and rarely cat- 
tle.13,19 Additionally, individual cases of OF 
are published in a range of other species in- 
cluding a canary14, a rabbit19, a llama5, roe 
deer21 and a cynomolgus monkey15. 

 
In humans OF are most commonly found in 
the posterior mandible, although maxillary 
and zygomatic lesions are also recognized.4 

The rostral mandible represents a clear predi- 
lection site in young horses (where the condi- 
tion also is known as equine juvenile mandib- 
ular ossifying fibroma)8, and also in rumi- 
nants and domestic carnivores3,13,14. Addi- 
tional reported sites include long bones3,14, 
equine paranasal sinuses12, the equine proxi- 
mal phalanx1, the canine os penis7 and the ca- 
nine zygomatic arch.2 Reported cases in cat- 
tle are restricted to the mandible (although 
paucity of cases may underlie a lack of recog- 
nition of atypical locations).13,14 

 
In humans, a predilection for ossifying fibro- 
mas has been established in females in their 

 

Figure 3-4. Mandible, ox. Higher magnification of tra- 
beculae of mature woven bone lined by a single layer of 
quiescent osteoblasts. (HE, 117X) 

 

 
Figure 3-5. Mandible, ox. The leading edge of the mass 
is densely cellular. (HE, 57X) 

30s or 40s.4 In contrast to this, equines exhibit 
such lesions most commonly in young ani- 
mals (<12 months)8, whilst no clear age-re- 
lated predilection is reported for other species 
at present (possibly again due to paucity of 
cases). No sex predisposition is currently re- 
ported in animals. 

 
Human OF are reported to be non-painful. 
Their most significant effects are of maloc- 
clusion and cosmetic impairment.4 Similarly, 
the primary effects of OF in domestic animals 
are impaired occlusion and/or prehension as 
well as a predisposition to pathologic frac- 
tures.3,8,13,14 The further effects of OF in atyp- 
ical locations are largely due to their space- 
occupying behavior and specific effects de- 
pendent on the location in question, for ex- 
ample urethral obstruction in the case of an 
OF in the os penis.1,2,7,12 

 
Histologically ossifying fibromas are charac- 
terized by spindle shaped fibroblasts inter- 
spersed with trabeculae of woven bone which 
are surrounded by a rim of osteoblasts.17 His- 
torical miscategorisation and underreporting 
of OF in the literature is suspected, owing to 
the similarity between osteoma and OF and 
the disagreement about the existence of a dis- 
ease continuum between fibrous dysplasia 
(FD) and OF.17,18 Currently, histological dif- 
ferentiation of OF from FD is largely based 
on the presence of a rim of osteoblasts sur- 
rounding foci of woven bone.7,8,10,18,19,20 Os- 
teomas can be distinguished from OF by their 
grossly sessile or pedunculated appearance 
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arising from the surface of the bone, their 
containment within the periosteal membrane, 
relative hypocellularity and the presence of 
lamellar bone with bone marrow, whilst oste- 
osarcomas can be differentiated from OF by 
the pleomorphism and a considerably higher 
mitotic rate of the neoplastic population with 
osteoblasts typically also filling the intertra- 
becular spaces rather than only lining the 
bony trabecules.7,8,12,18,19,20 

 
Contributing Institution: 
Division of Pathology, Public Health and 
Disease Investigation 
Veterinary Diagnostic Services 
School of Veterinary Medicine 
College of Medical, Veterinary and Life Sci- 
ences 
University of Glasgow (Garscube Campus) 
464 Bearsden Road 
Glasgow G61 1QH, Scotland 
https://www.gla.ac.uk/schools/vet/cad/ 

 
JPC Diagnosis: 
Bone, mandible: Ossifying fibroma. 

 
JPC Comment: 
As the contributor describes, ossifying fibro- 
mas are rare in cattle, and since this case was 
submitted to WSC, another report of three 
cases of mandibular ossifying fibromas in 
cattle was published in Journal of Compara- 
tive Pathology. All cases were characterized 
as well demarcated and projected from the 
rostral mandible, where they replaced or dis- 
placed multiple incisors. Histologically, the 
neoplasms had the characteristic features of 
ossifying fibroma: trabeculae of bone lined 
by osteoblasts surrounded by haphazardly ar- 
ranged neoplastic spindle cells with invasion, 
degeneration, and necrosis of adjacent 
bone.11 In one case, the neoplastic spindle 
cells were confluent with the periodontal lig- 
ament, and some have speculated that ossify- 
ing fibroma of the mandible may originate 

 

 
Figure 3-6. Mandible, ox. A Masson’s trichrome high- 
lights the collagen in the intertrabecular spaces. (Mas- 
son’s trichrome, 400X) 

 

from pluripotent stem cells of the periodontal 
ligament.11 

 
Ossifying fibroma is also rarely reported in 
marine (striped mullet) and freshwater fish 
(sauger and walleye). The freshwater fish 
cases were linked to pollution from a mining 
operation. A single case of cutaneous osseous 
fibroma was more recently reported in the 
caudal peduncle of a tetra.10 The neoplasm 
contained dysplastic ctenoid scales, and the 
authors theorize that the neoplasm may have 
originated from the bone in these scales, a 
theory which is in line with central ossifying 
fibromas in humans, which also originate 
from bone.10 

 
Historically the presence or absence of a rim 
of osteoblasts around trabeculae of woven 
bone was used to differentiate ossifying fi- 
broma (OF) from fibrous dysplasia (FD). Re- 
cent work, however, has demonstrated that 
both OF and FD can have osteoblasts around 
trabeculae. Alternatively, both OF and FD 
may lack an osteoblastic rim around trabecu- 
lae. For these reasons, the presence or ab- 
sence of an osteoblastic rim is no longer con- 
sidered diagnostically useful. The degree of 
bone differentiation histologically, and the 
sharpness of demarcation radiographically 
are generally considered the most useful fea- 
tures in distinguishing OF and FD. OF has 
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well differentiated woven bone histologi- 
cally, and sharply defined margins radio- 
graphically. FD may have poorly differenti- 
ated bone that is difficult to recognize as bone 
(ie “proto-bone”) histologically, and is 
poorly delineated with ill-defined margins ra- 
diographically. Both OF and FD arise from 
the intra-osseous region and can have multi- 
nucleated giant cells (osteoclasts). As these 
represent a spectrum of benign, fibro-osseous 
lesions, it may be challenging to impossible 
to definitively differentiate OF from FD 
without the use of radiographs.8,16 
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CASE IV: 

 
Signalment: 
19 months old, female, mixed-breed (Sus 
scrofa domesticus) domestic pig. 

 
History: 
The pig was from a small farm housing pigs 
and other animals, including one boar and 
four sows that farrowed 23 piglets. After 
birth, the piglets were divided into four pens 
containing piglets of the same size from dif- 
ferent sows. The number of piglets in each 
pen were as follows: pen 1, 8 piglets; pen 2, 
4 piglets; pen 3, 9 piglets; and pen 4, 2 pig- 
lets. All pigs were fed a diet of boiled corn 
bran and millet; however, only the piglets in 
pen 3 became ill. At 10 months old, the first 
clinical signs appeared in the piglets, and 
their condition progressively worsened. Ini- 
tially, the piglets presented with respiratory 
distress and underdevelopment. Later, they 
developed bilateral swollen face, mainly in 

 

 
Figure 4-1. Maxilla, pig. There is marked bilaterally 
symmetrical expansion of the maxilla. (Photo courtesy 
of: Laboratório de Patologia Veterinária, Faculdade de 
Medicina Veterinária, Universidade Federal de Mato 
Grosso, Brazil) 

the maxilla, partial mouth opening and pro- 
truding tongue, difficulty in food retention 
and mastication, loss of general body condi- 
tion, and dyspnea. Subsequently, all pigs in 
pen 3 died under these conditions. 

 
Gross Pathology: 
One piglet was euthanized and underwent 
necropsy. Marked bilateral enlargement of 
the facial bones, predominantly in the max- 
illa, was observed. These were easily sliced 
using a knife and the section surfaces were 
observed to be pale. The nasal cavity lumen 
decreased due to thickening of the maxillary 
bones. The teeth were loose, and the molars 
were lingually tipped. In addition, the ribs 
were soft and broke effortlessly under pres- 
sure. Most of the long bones showed epiphys- 
eal plate thickening, and the trabecular struc- 
ture was poorly visible. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Histopathological examination of the mandi- 
ble and maxilla revealed accentuated 
diffuse proliferation of soft and irregular fi- 
brous conjunctive tissue, which was evalu- 
ated by Masson’s trichrome staining around 
the osteoid trabeculae, many of which were 
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partially or completely demineralized, as ob- 
served on von Kossa staining. Osteoclasts 
forming multinucleated cells were observed 
in the surface grooves (Howship’s lacunae) 
in the mineralized trabeculae or clustered 
within the connective tissue. Histological 
changes were not observed in the renal paren- 
chyma or parathyroid gland. 

 
Contributor’s Morphologic Diagnoses: 
Face bones, maxilla: osteolysis, diffuse, se- 
vere fibroplasia (fibrous osteodystrophy), do- 
mestic pig (Sus scrofa domesticus) 

 
Contributor’s Comment: 
Bone growth and maturation are complex 
processes involving an interaction between 
genetic factors, local and systemic hormones, 
dietary nutrients, and mechanical forces. Any 
factors interfering with the synthesis of pro- 
teoglycans or collagen by chondroblasts or 
osteoblasts, differentiation of precursor cells, 
or resorption of bone by osteoclasts can result 
in skeletal abnormalities. The expression of 
an abnormality depends on many factors, in- 
cluding the phase of skeletal development 
that is altered, severity of the defect, age of 
the animal at the time of insult, and persis- 
tence of the influencing factor. Thus, the 
range of possible skeletal defects is large and 
a single cause can develop several different 
manifestations5. 

 

Figure 4-2. Maxilla, pig. There is marked bilaterally 
symmetrical expansion of the maxilla. (Photo courtesy 
of: Laboratório de Patologia Veterinária, Faculdade de 
Medicina Veterinária, Universidade Federal de Mato 
Grosso, Brazil) 

 

 
Figure 4-3. Maxilla, pig. The maxilla cut easily with a 
knife. There is marked bilaterally symmetrical expan- 
sion of the maxilla with encroachment on the nasal cav- 
ity. (Photo courtesy of: Laboratório de Patologia Veter- 
inária, Faculdade de Medicina Veterinária, Univer- 
sidade Federal de Mato Grosso, Brazil) 

 
Understanding the regulation of phosphorus 
and calcium levels in the animal body is nec- 
essary to comprehend the pathogenesis of 
bone lesions. Most mediators involved in cal- 
cium phosphorus homeostasis have evolved 
in fish, although their roles are repurposed 
during adaptation to land environments. 
Thus, while susceptibility to vitamin D defi- 
ciency in vertebrates can be traced back to 
fish, the specifics of its manifestation as a dis- 
ease show both similarities and differences to 
what is observed in humans. Calcium and 
phosphorus are strictly regulated in all ani- 
mals because of their vital roles in numerous 
cellular functions. During the colonization of 
land, vertebrates transitioned from a sea en- 
vironment that was comparatively richer in 
calcium than phosphorus to a land environ- 
ment, with a six- fold higher gravity force, 
that was poor in calcium and relatively richer 
in phosphorus. This led to the evolutionary 
changes involving major adaptations in bone 
structure and calcium/phosphorus regulation. 
These adaptations included a highly efficient 
system for intestinal calcium absorption and 
flexible bone remodeling, which allowed the 
use of bones as an internal reservoir of cal- 
cium to compensate for variations in dietary 
intake14. 
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Figure 4-4. Maxilla, pig. A single section of the mass is 
submitted for examination. There is marked resorption 
of the cortex of the bone. (HE, 6X) 

 
 

Deficiencies in calcium, phosphorus, and vit- 
amin D disrupt bone conditions, resulting in 
a group of diseases known as osteodystro- 
phies or metabolic bone disease. In the field 
of veterinary medicine, this is a broad term 
denoting pathological conditions affecting 
multiple bones. Osteodystrophies are most 
frequently caused by genetic, nutritional, 
and/or hormonal abnormalities that affect 
bone growth, modeling, or remodeling, typi- 
cally through disruptions in calcium/phos- 
phorus metabolism. Calcium and phosphorus 
are required for a variety of essential bodily 
functions in addition to those involved in 
skeletal development. The skeleton is com- 
posed of approximately 99% of calcium and 
85% of phosphorus in the body. There are 
three distinct forms of calcium and phospho- 
rus in the body: ionized, protein-bound, and 
complex atoms in extracellular fluids (includ- 
ing plasma). The ionized fractions of these 
minerals (Ca2+ and HPO42-) are physiologi- 
cally active and are strictly regulated by the 
parathyroid hormone (PTH), 1,25- dihy- 
droxyvitamin D (1,25[OH]2D3), calcitonin, 
and phosphatonin system5,6,9,14. 

 
PTHs are secreted by the parathyroid gland 
when calcium-sensing receptors on chief 
cells detect low serum ionized calcium con- 
centrations. The net effect of PTH increases 
plasma ionized calcium levels and reduces 

plasma phosphate concentrations. The PTH 
induces the renal tubules to open the calcium 
channel, allowing increased resorption of cal- 
cium from the renal filtrate and increased 
breakdown of phosphate channels. Conse- 
quently, the resorption of phosphorus from 
the renal filtrate decreases. In the bone, high 
PTH concentration results in the recruitment 
and activation of osteoclasts, leading to in- 
creased osteoclastic bone resorption and re- 
lease of calcium and phosphorus in the circu- 
lation5. 

 
Vitamin D exists in two forms: vitamin D2 
(ergocalciferol), obtained from yeasts and 
plants and vitamin D3 (cholecalciferol), ob- 
tained from the diet or as an end product of 
the skin photochemical reaction of 7-dehy- 
drocholesterol, which explains why sun ex- 
posure increases vitamin D levels in most 
species. Latitude, time of day, season, and 
level of skin pigmentation can affect the vit- 
amin D3 production in the skin. At lower an- 
gles, the sun does not have the requisite in- 
tensity to produce vitamin D in the skin. Fur- 
thermore, high levels of melanin in the skin 
absorb ultraviolet photons, making it unavail- 
able for vitamin D synthesis. A dense 
hair/wool coat also reduces cutaneous vita- 
min D3 synthesis. Dogs and cats are an ex- 
ception in mammals in that they do not pro- 
duce vitamin D in the skin, owing to the pres- 
ence of an enzyme that breaks down 7-dehy- 
drocholesterol, making it unavailable for 
conversion to vitamin D. Therefore, cats and 
dogs are reliant on dietary vitamin D. 

 
Vitamin D2 from the diet and vitamin D3 
from the skin/diet are transported to the liver, 
where they form 25-hydroxyvitamin D 
(25OHD), the major form of vitamin D in the 
circulation. Therefore, serum 25OHD con- 
centration reflects the level of cutaneous vit- 
amin D3 formation and/or dietary levels of 
vitamin D. Serum 25OHD levels are meas- 
ured to determine whether an individual has 
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adequate or deficient vitamin D status. The 
most active form of vitamin D is 1,25-dihy- 
droxyvitamin D, which is formed in the renal 
proximal tubular epithelial cells. This step is 
closely regulated and 1,25(OH)2D3 produc- 
tion is directly stimulated by high PTH and 
low phosphorus levels, and indirectly by low 
ionized calcium, which acts via PTH. When 
plasma phosphorus and ionized calcium con- 
centrations are adequate and PTH levels are 
low, 25OHD is converted to inert metabolites 
during the initial step of the degradation path- 
ways. Active vitamin D binds to the nucleus 
of the renal tubular and intestinal epithelial 
cells, resulting in increased absorption of cal- 
cium and phosphorus from the kidneys and 
intestine, inhibition of PTH production in the 
parathyroid gland, and negative feedback to 
decrease its own production5,6,14. 

 
Calcitonin is secreted by thyroidal C cells in 
response to increased serum ionized calcium 
concentrations. It inhibits osteoclast action 
leading to decreased osteoclastic bone re- 
sorption, and subsequent decrease in the re- 
lease of calcium and phosphorus into the 
blood, allowing normalization of serum ion- 
ized calcium levels5. 

 
Recently, many phosphatonins have been 
found to be involved in phosphorus metabo- 
lism, the most important of which is the fi- 
broblast growth factor 23 (FGF23). FGF23 is 
produced by osteocytes in the bone and its 
production is increased by either hyperphos- 
phatemia or increased 1,25(OH)2D3. The 
kidney is the main target organ of FGF23; to- 
gether with its cofactor klotho, FGF23 down- 
regulates phosphorus channels in the kidney, 
resulting in decreased resorption of phospho- 
rus from the renal tubules. FGF23 also de- 
creases the production of 1,25(OH)2D3 by 
inhibiting the enzyme that acts in its for- 
mation and activates the enzyme that catabo- 
lizes 1,25(OH)2D3. in the parathyroid gland, 
FGF23 decreases secretion of PTH. FGF23 

activity results in decreased plasma phospho- 
rus concentration5. 

 
Metabolic bone diseases can occur when 
these regulatory mechanisms do not work in 
harmony. Metabolic bone diseases include 
rickets, osteomalacia, fibrous osteodystro- 
phy, or osteoporosis; these distinct morpho- 
logical entities have characteristic pathogen- 
esis and lesions. Nonetheless, specific diag- 
nosis is difficult in many cases, as multiple 
conditions may be present, especially in those 
induced by nutritional deficiencies. This 
means that cases reported in the literature 
should be scrutinized, and only those con- 
firmed by histopathology should be consid- 
ered definitive5,6,14. 

 
Fibrous osteodystrophy (osteodystrophia fi- 
brosa, osteitis fibrosa cystica) is a relatively 
common metabolic bone disease character- 
ized by extensive osteolysis, accompanied by 
proliferation of fibrous tissue and poor min- 
eralization of the immature bone. The patho- 
genesis involves primary or secondary hy- 
perparathyroidism with persistently elevated 

 

Figure 4-5. Maxilla, pig. Higher magnification of the re- 
sorbed cortex. (HE, 110X) 
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plasma PTH levels causing bone resorption, 
resulting in skeletal alterations. The suscepti- 
bility of different animal species to fibrous 
osteodystrophy varies, as does the distribu- 
tion of lesions. Horses, pigs, dogs, cats, fer- 
rets, dromedary camels, guinea pigs, reptiles, 
New World nonhuman primates, and goats 
are commonly affected, but the disease is rare 
in sheep and cattle1,4,5,6,9,12,13. 

 
Primary hyperparathyroidism, typically 
caused by functional parathyroid gland ade- 
noma, leads to an increase in PTH levels. Par- 
athyroid gland adenocarcinoma and hyper- 
plasia, although reported, are rare3,5. Gener- 
alized bone resorption can also occur because 
of paraneoplastic syndrome (pseudohy- 
perparathyroidism or hypercalcemia of ma- 
lignancy) when tumors produce calcitropic 
hormones that act similarly to parathyroid 
hormones2. 

 
Secondary hyperparathyroidism is a much 
more frequent cause of fibrous osteodystro- 
phy in animals than primary hyperparathy- 
roidism and may stem from either chronic re- 
nal disease, or a dietary imbalance of calcium 
and phosphorus. PTH secretion is stimulated 
by a reduction in plasma ionized calcium, 
whatever the cause, and if the stimulus per- 
sists, generalized bone resorption results5. 

 
Renal hyperparathyroidism occurs predomi- 
nantly in small animals as a complication of 
chronic renal failure, most often in dogs and 
occasionally in cats. This alteration often re- 
ferred as renal osteodystrophy, has recently 
been renamed “chronic renal failure–mineral 
and bone disorder” (CKD-MBD) in humans 
and veterinary medicine. Renal osteodystro- 
phy may occur in dogs with CKD; however, 
the manifestations of uremia are usually more 
severe than those of skeletal lesions. Im- 
paired glomerular filtration in renal failure 
leads to progressive hyperphosphatemia 

 

 
Figure 4-6. Maxilla, pig. Within the fibrous matrix re- 
placing the bone, there are irregular trabeculae of wo- 
ven bone lined by a single layer of vacuolated osteo- 
blasts. (HE, 400X) 

caused by reduced renal clearance of phos- 
phate, causing hypocalcemia because of the 
inverse relationship between plasma ionized 
phosphate and calcium concentrations. Hy- 
perphosphatemia also triggers the production 
of FGF23 by osteocytes, exacerbating hy- 
pocalcemia, as FGF23 functions to decrease 
the production of 1,25(OH)2D3 due to inhi- 
bition of the enzyme that acts in the formation 
and activates the enzyme that catabolizes 
1,25(OH)2D3. Persistent hypocalcemia stim- 
ulates PTH release, resulting in osteoclastic 
bone resorption4,5,7. 

 
Nutritional hyperparathyroidism while fre- 
quently noted in horses, is reported sporadi- 
cally in other species, mainly in young, rap- 
idly growing animals. This condition is gen- 
erally caused by diet containing low calcium 
and a relatively high concentration of phos- 
phorus, or in association with vitamin D de- 
ficiency. Vitamin D deficiency alone can 
cause rickets or osteomalacia, but reduced 
calcium absorption from the intestine in ani- 
mals combined with vitamin D deficiency of- 
ten results in concurrent fibrous osteodystro- 
phy. Excess dietary phosphorus may cause fi- 
brous osteodystrophy even in animals receiv- 
ing adequate dietary calcium. Increased 
plasma phosphate concentrations, resulting 
from increased intestinal absorption of phos- 
phorus, depresses plasma ionized calcium 
and indirectly stimulates the release of PTH. 
In all species, several factors influence the 
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development and severity of lesions in sec- 
ondary hyperparathyroidism. These include 
the degree to which dietary calcium is defi- 
cient and, perhaps more importantly, the de- 
gree to which dietary phosphorus is in excess. 
This condition usually occurs after ingesting 
unsupplemented diets consisting largely of 
grain, corn, and grain byproducts, such as 
bran, for some months, hence the term bran- 
disease1,5,8,9. In dogs and cats, nutritional hy- 
perparathyroidism is often caused by diets 
that consist largely or entirely of meat or of- 
fal, as the calcium content of such diets is 
low, and the calcium to phosphorus ratio is 
very high. Additionally, in horses, fibrous os- 
teodystrophy occurs in animals grazing on 
tropical grasses high in oxalate; even though 
dietary calcium and phosphorus are normal, 
oxalate binds calcium making it unavailable 
for absorption. Several grasses, including 
Setaria sphacelata, Cenchrus ciliaris, Bra- 
chiaria   mutica, B.  humidicola, Digitaria 
decumbens, Pennisetum clandestinum, P. 
purpureum, and Panicum spp., contain suffi- 
cient oxalate to produce clinical disease5,14. 

The clinical signs and gross lesions of fibrous 
osteodystrophy generally develop more rap- 
idly in young, growing animals because of 
their increased rates of bone synthesis and re- 
modeling. Early signs include minor changes 

 

Figure 4-7. Maxilla, pig. A Masson’s trichrome demon- 
strates the loosely arranged collagen in the intertrabec- 
ular spaces, and the collagen within trabeculae of wo- 
ven bone. (HE, 100X) 

in gait, stiffness, transient and shifting lame- 
ness, and lassitude. Loss of appetite with pro- 
gressive cachexia and decreased growth de- 
velops later. Affected animals frequently 
show bilateral enlargement of the bones of 
the skull, affecting both the maxillae and 
mandibles, hence the term big-head. Bony 
enlargement begins along the alveolar mar- 
gins of the mandible, producing cylindrical 
thickening and reducing the intermandibular 
space. The molar margins of the maxillae 
subsequently begin to enlarge, and the en- 
largement spreads to involve the palate, re- 
mainder of the maxillae, and lacrimal and zy- 
gomatic bones. Initially, the enlargements 
were soft and could be cut using a knife. In- 
volvement of the palate reduces the nasal pas- 
sage and may cause dyspnea. Palatine and 
mandibular thickening causes a reduction in 
the buccal cavity, impairing mastication. This 
causes teeth to loosen and get partially buried 
or exfoliate, and the softened bone causes 
pressure, further impairing prehension and 
mastication1,5,9. 

 
The microscopic features of fibrous osteo- 
dystrophy are similar in all domestic animal 
species, and characterized by increased oste- 
oclastic bone resorption, marked fibroplasia, 
and increased osteoblastic activity with the 
formation of immature woven bone. In early 
lesions, the increase in bone resorption is re- 
flected by an increased number of active os- 
teoclasts, often within Howship’s lacunae 
along the surface of the trabeculae. Osteo- 
blastic activity is also prominent, and it is not 
unusual to observe bone trabeculae resorp- 
tion on one side, while new bone is being 
added to the other. Under physiological con- 
ditions, once osteoclasts have completed 
their required phase of resorption, they un- 
dergo apoptosis and disappear from the re- 
sorption sites. However, in fibrous osteo- 
dystrophy, groups of osteoclasts are fre- 
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quently found mixed with fibroblastic ele- 
ments as PTH enhances osteoclast sur- 
vival1,5,9. 

 
Contributing Institution: 
Laboratório de Patologia Veterinária, Fac- 
uldade de Medicina Veterinária, Univer- 
sidade Federal de Mato Grosso, Brazil. 

 
JPC Diagnosis: 
Jaw bone: Osteopenia, diffuse, severe, with 
marked fibroplasia (fibrous osteodystrophy). 

 
JPC Comment: 
The contributor provides an excellent review 
of the physiologic regulation of calcium and 
phosphorous and the pathologic manifesta- 
tions of dysregulation of these minerals. Our 
scientific understanding of calcium and phos- 
phorous metabolism began just over a cen- 
tury ago, but the descriptions of rickets date 
back millenia, with Roman physicians in the 
first and second century C.E. describing 
bowed legs and curved spines.11 Beginning in 
the 17th century, there was a steady increase 
in the number of children afflicted by rickets 
(or English disease, as it was known at the 
time). In 1634, rickets was listed as the cause 
of death in 14 of 10,900 deaths in London, 
and extensive texts describing the clinical 
and gross features of rickets were published 
around 1650.10,11 The association with lack of 
sunlight was first suspected by Polish physi- 
cian Sniadecki in 1822, and in 1889, a map of 
cases in England revealed its association with 
industrialized cities, whose tall buildings and 
narrow streets blocked sunlight, and the sea- 
sonality of the affliction.8,10 In the 20th cen- 
tury, it was estimated that up to 90% of the 
urban-dwelling children in Boston and Lei- 
den suffered from rickets.10,11 

 
In the early 20th century, our understanding 
of calcium and phosphorous metabolism be- 
gan to grow. The first histopathologic de- 
scription of rachitic bones was published by 

 

 
Figure 4-8. Maxilla, pig. Aggregates of osteoclasts are 
present in areas of previous mineralized bone resorp- 
tion. (HE, 400X) 

 

German physician and pathologist Christian 
Georg Schmorl in 1909, and in 1918, British 
biochemist Edward Mellanby successfully 
induced rickets in beagle puppies by feeding 
an oatmeal diet.8,10 He further went on to cure 
the affliction by administering cod liver oil, a 
remedy used to prevent rickets in fishing vil- 
lages.8,10 Many suspected that the curative 
agent within cod liver oil was the fat soluble 
vitamin A. Elmer McCollum, who discov- 
ered vitamin B, hypothesized that a novel vit- 
amin in cod liver oil possessed antirachitic 
properties; he proved this theory by demon- 
strating that cod liver oil still cured rickets 
even after aeration and heat destroyed the no- 
toriously labile vitamin A.8,10,11 Around the 
same time, it was demonstrated that UV light 
exposure prevented and treated rickets; and 
exposure of certain foods to the same UV ra- 
diation endowed that food with antirichitic 
properties.8,10 Vitamin D2 and D3 were syn- 
thesized in the 1930s, and soon after, vitamin 
D supplementation of commercial foods and 
public awareness campaigns to increase sun- 
light exposure virtually eliminated rickets in 
industrialized nations.8,10 It was not until 
2004 that FGF23 was discovered, which 
filled in many of the gaps in our knowledge 
of phosphorous metabolism.8 
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WSC 2022-2023 Self-assessment 
Conference 24 

 

1. Which of the following organs is most commonly affected in fetuses infected with 
Ureaplasma sp? 

a. Lung 
b. Liver 
c. Kidney 
d. Brain 

 

        2.  Which of the following is the most common location for synovial myxoma in dog? 
         a. Scapulohumeral joint 
         b. Tibiotarsal joint 
         c.  Femorotibial joint 
         d.  Humeroradial joint 
 

3. True or false? PTH increased the presence of ionized calcium in the blood and decreases serum 
phosphorus 

a. True 
b. False 

 
4. True or false?  Dogs and cats are unable to convert vitamin D in their skin. 

a. True  
b. False 

 
5. Which of the following bones is a predilection site for the development of ossifying fibroma in 

young horses? 
      a.  Radius 
      b.  Metacarpal 
      c.  Mandible 
      d. Basisphenoid 

      

Please email your completed Assessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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CASE I: 
 

Signalment: 
A 2-year-old, male, mixed breed dog (Canis 
familiaris) 

 
History: 
This dog was presented to the clinic with one- 
week history of firm and multicentric swell- 
ing of the face and muzzle, acute vision loss, 
generalized lymphadenomegaly, fever, and 
asymmetric testicular swelling. The dog was 
neutered, and the testicles were submitted for 
histopathology with a presumptive diagnosis 
of neoplasia. After neutering, the dog was 
treated with steroids and doxycycline, facial 
swelling and lymphadenomegaly decreased 
after treatment. Once therapy was discontin- 
ued, facial swelling and lymphadenomegaly 
waxed and waned for approximately two 
months. Three months after neutering, the 
dog developed multiple nodules over the 
thigh region and stertorous respiration was 
noticed on physical exam. Skin nodules were 
submitted for histopathology (slides not in- 
cluded in this WSC submission). 

 
Gross Pathology: 
Both testicles (3.5 and 4.5 cm in greatest di- 
mension) were received in 10% buffered for- 
malin for histopathology. Diffusely and bi- 
laterally, the epididymis was markedly en- 
larged by multiple, expansile, pale tan, firm 
masses. Similar masses expanded the testicu- 
lar parenchyma, and elevated and effaced the 
visceral vaginal tunic. White bar = 1 cm. 

Laboratory Results: 
 

Clinical Pathology 
Thrombocytopenia and leukopenia were doc- 
umented. Cytologic examination of FNA 
material from the submandibular lymph 
nodes and swollen skin of the muzzle re- 
vealed histiocytic inflammation. 

 
Serology 
Serum samples were submitted to different 
laboratories to test for Rocky Mountain spot- 
ted fever, ehrlichiosis, brucellosis, Lyme dis- 
ease, bartonellosis, and leishmaniasis. All se- 
rologic tests came back negative. 

 
Microbiology 
Fungal and aerobic bacterial cultures of fresh 
samples of skin (nodules from thigh region) 
and popliteal lymph node failed to detect mi- 
croorganisms. 

 
Microscopic Description: 
Testicle: Broad, coalescing, areas of angio- 
centric and interstitial inflammation oblite- 
rate the testicular parenchyma and visceral 
vaginal tunica, and obscure and efface ap- 
proximately 40% of the epididymal ducts. 
Inflammatory cells are composed of numer- 
ous epithelioid macrophages and lesser num- 
bers of degenerate neutrophils, plasma cells, 
and lymphocytes. Macrophages are often ar- 
ranged in concentric collections (granulo- 
mas) that, in some areas, encompass aggre- 
gates of degenerate neutrophils admixed with 
necrotic cellular debris (pyogranulomas). In 
addition, multiple macrophages contain a 
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Figure 1-1. Testes, dog. The epididymis and to a lesser 
extent, the testis is expanded by numerous yellow-tan 
nodules. (Photo courtesy of: Wyoming State Diagnostic 
Laboratory www.uwyo.edu/wyovet/) 

large, 4 to 7 μm, cytoplasmic, clear vacuole. 
Macrophages often display mitotic figures 
and cytological atypia, including pleo- 
morphic nucleus and anisokaryosis. There 
are low numbers of binucleate and multinu- 
cleate cells among inflammatory leukocytes. 
A few areas of lytic necrosis are scattered 
among inflammatory foci. The lumen of sem- 
iniferous tubules and epididymal ducts lacks 
spermatids and spermatozoa. 

 
The following special stains (not submitted) 
failed to highlight microorganisms in repli- 
cate and appropriately controlled sections: 
GMS, PAS, Brown & Hopps, Giemsa, Stei- 
ner’s, acid fast, and Gimenez. 

 
Haired skin (thigh nodules) and popliteal 
lymph node (not submitted): The dermis, 
subcutaneous tissue, and lymph node paren- 
chyma were effaced by coalescing areas of 
inflammation with similar microscopic fea- 
tures as those described above in the testicles. 
Immunohistochemical staining for CD1a, 
CD4, and CD11c of frozen skin sections 
(thigh nodules) was performed. Dermal in- 
filtrates of round cells were positive for 
CD11c and CD4. The immunoreactivity for 
CD1a was reported as ambiguous. 

Contributor’s Morphologic Diagnoses: 
Testicle: Epididymitis and orchitis, angiocen- 
tric and interstitial, granulomatous, pyogran- 
ulomatous, and lymphoplasmacytic, severe, 
multifocal with histiocytic atypia and testicu- 
lar atrophy 

 
Haired skin (thigh nodule, not submitted): 
Dermatitis and panniculitis, angiocentric to 
interstitial, granulomatous, pyogranuloma- 
tous, and lymphoplasmacytic, moderate to 
severe, diffuse with histiocytic atypia 

 
Popliteal lymph node (not submitted): Lym- 
phadenitis, pyogranulomatous, severe, dif- 
fuse with histiocytic atypia 

 
Contributor’s Comment: 
The dog in the present case had granuloma- 
tous and pyogranulomatous inflammation 
with histiocytic atypia in the skin, draining 
lymph nodes, and testes. Based on the im- 
munohistochemical results from skin nodules 
and negative results from ancillary tests, the 
final diagnosis was systemic reactive histio- 
cytosis. The initial presentation of this case 
was strongly suggestive of infectious disease 
and infection by either Leishmania sp or Bru- 
cella sp was suspected. Multiple infectious 
diseases were ruled out with a combination of 

 

 
Figure 1-2. Epididymis, dog. There are nodular infil- 
trates effacing approximately 50% of epididymal tu- 
bules. (HE, 7X) 
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Figure 1-3. Epididymis, dog. The cellular infiltrate is composed of large numbers of macrophages with fewer lymphocytes and 
neutrophils. (HE, 450X) 

special stains, bacteriology, and serology. 
No immunohistochemistry for dendritic cell 
markers was done on sections of testis (i.e., 
they were received in formalin), but immuno- 
histochemistry of frozen haired skin samples 
was considered sufficient for the diagnosis of 
systemic reactive histiocytosis. 

 
Reactive histiocytosis is a proliferative disor- 
der of interstitial dendritic cells that has been 
well characterized in dogs,3 and is uncom- 
monly reported in other veterinary species.1 

In dogs, reactive histiocytosis has two clini- 
cal manifestations: cutaneous and systemic. 
While cutaneous reactive histiocytosis is con- 
fined to skin and draining lymph nodes, sys- 
temic reactive histiocytosis involves extracu- 
taneous sites such as nasal and ocular mu- 
cosa, and internal organs. Involvement of the 
testicles, however, is less common than other 
extracutaneous sites. In the present case, in- 
traocular and pulmonary involvement was 
suspected due to acute vision loss and sterto- 
rous respiration.4 Systemic reactive histio- 
cytosis was first described in the Bernese 
Mountain dog but has now been reported in 

multiple dog breeds. The diagnosis of reac- 
tive histiocytosis is based on immunohisto- 
chemistry for dendritic cell markers. Histio- 
cytes in both cutaneous and systemic reactive 
histiocytoses express markers of dendritic 
cells (CD1a, CD11c/CD18, CD90, and MHC 
class II) and a marker of dendritic cell activa- 
tion (CD4).3 In addition, macrophages lack 
expression of E-cadherin. It is important to 
bear in mind that most of these markers are 
assessable in frozen tissue sections only 
(CD90, MHC class II, and E-cadherin are the 
exceptions). 

 
After the diagnosis of systemic reactive histi- 
ocytosis was made, the dog of the present 
case has been on an anti-inflammatory dose 
of steroids and, according to the practitioner, 
the dog has shown great improvement. 

 
Contributing Institution: 
Wyoming State Diagnostic Laboratory 
www.uwyo.edu/wyovet/ 

525

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


 

 
Figure 1-4. Epididymis, dog. The macrophages within the 
infiltrate stain strongly positive for IBA-1 (as you know, 
macrophages do.) (anti IBA-1, 400X) 

 

JPC Diagnosis: 
Epididymis: Epididymitis, lymphohistio- 
cytic, chronic, multifocal to coalescing, mod- 
erate. 

 
JPC Comment: 
This case illustrates the challenge of diagnos- 
ing proliferative histiocytic diseases in dogs, 
which often require immunohistochemical 
staining for a definitive diagnosis. 

 
Proliferative histiocytic diseases in dogs are 
typically of dendritic cell origin.5 Dendritic 
cells arise from CD34+ precursors in the 
bone marrow and differentiate into intersti- 
tial dendritic cells or epidermal dendritic 
cells (Langerhans cells). Proliferative dis- 
eases of interstitial dendritic cells include cu- 
taneous and systemic reactive histiocytoses 
and histiocytic sarcoma. The main prolifera- 
tive diseases of canine Langerhans cells are 
cutaneous histiocytoma and cutaneous Lang- 
erhans cell histiocytosis. 

 
Since these diseases all originate from den- 
dritic cells (excepting the hemophagocytic 
form of histiocytic sarcoma), they express 
common dendritic cell markers: CD1a, 
CD11c, CD18, and MHCII.3,5 Dendritic cells, 

which are professional antigen presenting 
cells, use CD1a and MHCII for antigen 
presentation for T cells. CD11c and CD18 are 
components of the beta-2 integrin heterodi- 
mer CD11c/18, one of the adhesion mole- 
cules expressed by leukocytes.3 

 
A few additional immunohistochemical 
stains can assist in differentiating the diseases 
under the dendritic cell umbrella. Langerhans 
cells express E-cadherin, which they use to 
bind homotypically to the epithelium, so ca- 
nine cutaneous histiocytoma and Langerhans 
cell histiocytosis are both expected to have E- 
cadherin immunoreactivity. Canine cutane- 
ous and systemic reactive histiocytosis are 
diseases of activated interstitial dendritic 
cells and thus express CD4, a marker for ac- 
tivation. They also express CD90 (Thy-1), 
which is not expressed by Langerhans cells.3 

 
In this section, the main histologic differen- 
tials are histiocytic sarcoma, histiocytic in- 
flammation (i.e from dimorphic fungus), and 
systemic reactive histiocytosis. The relatively 
bland cellular population lacks atypia and bi- 
zarre nuclei, making histiocytic sarcoma less 
likely. Differentiating between primary in- 
flammation and reactive histiocytosis is not 
possible based solely on this H&E section, so 
conference  participants  decided   to  morph 

 

Figure 1-5. Epididymis, dog. Lymphocytes within the in- 
filtrate stain strongly positive for CD3 within the (anti- 
CD3, 400X) 
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lymphohistiocytic epididymitis. The clinical 
history, CD4 immunoreactivity of cutaneous 
lesions noted by the contributor, and lack of 
infectious agents on special stains, microbio- 
logic, and serologic testing, however, are 
consistent with the diagnosis of systemic re- 
active histiocytosis. 

 
In the multifocal cutaneous lesions of reac- 
tive histiocytosis, another differential to con- 
sider is canine cutaneous Langerhans cell his- 
tiocytosis, which is histologically similar to a 
histiocytoma but multifocal in distribution. 
These can generally be differentiated on 
H&E sections by their growth patterns: they 
are “top heavy” lesions, with the base of the 
tumor smaller than the top and tend to track 
adnexal structures.2 Reactive histiocytosis le- 
sions are generally bottom-heavy, extend into 
the subcutis, and are oriented along vascula- 
tures.2 

 
This week’s moderator, Dr. Rachel Neto 
from Auburn University, explained that even 
though Langerhans cells live within the epi- 
thelium, they are thought to arise from pre- 
cursors within the dermis, and cellular prolif- 
erations in Langerhans cell histiocytosis and 
cutaneous histiocytoma occur in the superfi- 
cial dermis. She also explained that Langer- 
hans cells are dependent on epidermal growth 
factors, and the closer they are to the epider- 
mis, the stronger their expression of E-cad- 
herin. 
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CASE II: 

 
Signalment: 
12-year-old neutered male European Short- 
hair cat (Felis catus) 

 
History: 
The cat had a clinical history of respiratory 
dyspnea and cough. 

 
Gross Pathology: 
The entire pulmonary lobe was submitted for 
histopathology. 

 
Laboratory Results: 
No laboratory findings reported. 

 
Microscopic Description: 
Lung. About 70% of the parenchyma is ef- 
faced by a multifocal to coalescing, severe 
proliferative process. Alveolar spaces are 
filled with numerous round cells of 25 mi- 
crometer in diameter, with distinct cell bor- 
ders, high nuclear-to-cytoplasmic ratio, and 
small to moderate amounts of finely granular 
eosinophilic cytoplasm. Nuclei are round, 
central, with finely stippled chromatin and 
one or more visible nucleoli. Anisocytosis 
and anisokaryosis are mild and occasional 
mitoses with atypical features are present. 
Admixed to these cells, there are multifocal 
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aggregates of large alveolar macrophages 
with foamy cytoplasm, or scant cell debris 
and hypersegmented neutrophils. In about 
the 20% of the section and mainly the periph- 
ery of the lesions, the alveolar spaces are 
multifocally dilated and merged, with dis- 
rupted and blunted septae (emphysema). Lin- 
ing the alveoli there are plump and cuboidal 
pneumocytes (type II pneumocyte hyper- 
plasia). Smooth muscle fibers of terminal 
bronchioles are diffusely increased in size 
(hypertrophy). The interstitium is multifo- 
cally and markedly expanded by haphazardly 
arranged eosinophilic collagen fibers embed- 
ding fibrocytes (fibrosis), small caliber capil- 
laries and rare macrophages containing 
coarsely granular brown-black pigment (an- 
thracosis), and numerous lymphocytes; bron- 
chial glands are increased in number (hyper- 
plasia) and bronchial walls are collapsed 
multifocally. Blood vessels are multifocally 
engorged with erythrocytes (hyperemia) and 
the tunica media of medium and small arter- 
ies is moderately thickened by several layers 
of smooth muscle cells (arteriolar hypertro- 
phy). 

 
Immunohistochemistry (slides not submitted, 
pictures submitted as supporting material on 
DVD): vimentin+, Iba+, e-cadherin+, CK-. 

 
Contributor’s Morphologic Diagnosis: 
Lung. Multifocal to coalescing, alveolar his- 
tiocytosis with emphysema and smooth mus- 
cle hyperplasia, with fibrosis and arteriolar 
hypertrophy. 

 
ND. Feline Pulmonary Langerhans cell His- 
tiocytosis 

 
Contributor’s Comment: 
Feline pulmonary Langerhans cell histiocyto- 
sis (FPLCH) is a rare disease of older cats 
(>10 years) that causes progressive respira- 
tory insufficiency that leads to death second- 
ary to pulmonary parenchymal infiltration 

with Langerhans cells (LCs).1,7,9,13 Clinical 
signs vary from acute respiratory distress, in- 
cluding tachypnea, labored breathing, and 
open mouth-breathing, to prolonged chronic 
pulmonary disease.7,9,13 FPLCH is thought to 
represent a neoplastic process because of cel- 
lular morphological characteristics and extra- 
pulmonary invasion, reported in pancreas and 
kidney2,6, and the pulmonary one is the only 
form of Langerhans cells proliferation de- 
scribed in this species, with no cutaneous 
manifestation reported.1 

 
Similar to the pulmonary lesions in canine 
LCH, histiocytic proliferations affect first the 
peribronchial parenchyma, causing mul- 
tinodular-to- diffuse proliferations that vary 
from 2-5 mm in diameter and affect all lung 
lobes.1 As the disease progresses, nodules co- 
alesce, and lesions extend to the pleural sur- 
face. In advanced cases, the whole lungs tend 
to be affected, and all lobes appear diffusely 
firm.13 However, there is a higher degree of 
cellular and nuclear pleomorphism. Aggre- 
gates of histiocytes are usually cohesive, and 
proliferating cells extend from the peribron- 
chial parenchyma into the surrounding alve- 
olar septa and alveoli, eventually effacing the 
pulmonary parenchyma. 

 
 

Figure 2-1. Lung, cat. A single section of consolidated 
lung is submitted. There are areas of emphysema and 
dilated airways. (HE, 7X) 
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Figure 2-2. Lung, cat. Alveoli are filled with numerous histiocytes with prominent nuclei and nucleoli. There is marked smooth 
muscle hyperplasia. (HE, 381X) 

Ultrastructurally, Birbeck granules, which 
represent the internalized cell surface recep- 
tor langerin (CD207) cross-linked by an anti- 
body, have been reported in the cytoplasm of 
proliferating histiocytic cells, confirming a 
Langerhans cell origin. This is in contrast to 
canine Langerhans cells, which do not have 
Birbeck granules.7,13 

 
Immunohistochemically, histiocytic cells of 
feline LCH are positive for CD18 and E-cad- 
herin and negative for CD204 in formalin- 
fixed tissues.9 In the current case, FPLCH 
was diagnosed on the basis of E-cadherin 
positive neoplastic cell, with variable pattern 
and intensity of immunolabeling among pul- 
monary lobes (see attached figures: 1, e-cad- 
herin, 2 Iba1). 

 
In a recent work by Hirabayashi et al., that 
accurately characterized histiocytic cell types 
of cats by immunohistochemistry and immu- 
nofluorescence, non-neoplastic histiocytes 
were mostly positive for Iba-1 and HLA-DR, 
while the immunoreactivity of other antibod- 
ies varied among histiocytes that resided in 
different organs. Dermal interstitial Dendritic 

Cells (iDCs) and macrophages were positive 
for CD204 and negative for E-cadherin. Epi- 
dermal LCs were negative for CD204 and 
positive for E-cadherin. However, antibodies 
for CD1a, langerin/CD207, and S100, which 
are regarded as specific markers of human 
LCs, were not available for detecting LCs on 
formalin-fixed, paraffin- 
embedded tissue sections of the cat, as well 
as those of the dog.9,12 Double-labeling im- 
munohistochemistry of the lymph nodes re- 
vealed E-cadherin-positive CD204-negative 
histiocytes and E-cadherin and CD204-dou- 
ble positive histiocytes in the sinus, which 
may be veiled cells and LC-like cells, respec- 
tively.6 Neoplastic histiocytic cells were im- 
munohistochemically positive for Iba-1 and 
HLA-DR in all cases of Feline Progressive 
Histiocytosis (FPH) and Histiocytic Sarcoma 
(HS). Immunoreactivity for CD204, CD163, 
and E- cadherin varied among cases. Of the 
HS cases, the neoplastic cells of more than 
half of cases presented with the iDC/macro- 
phage immunophenotype (CD204+/E-cad- 
herin-), while a minor number presented with 
the LC immunophenotype (CD204-/E-cad- 
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herin+), and with the LC-like cell immuno- 
phenotype (CD204+/E-cadherin+). Feline 
HS with the LC immunophenotype may cor- 
respond to Langerhans cells histiocytosis 
(LCH) or LC sarcoma (LCS) in humans.1 

Among FPH cases of the study, the neo- 
plastic cells of the majority of cases presented 
with the iDC/macrophage immunophenotype 
(CD204+/E-cadherin-) and a minor part with 
the LC immunophenotype (CD204-/E-cad- 
herin+). Moreover, the epitheliotropism of 
neoplastic cells was reported in some E-cad- 
herin-positive cases. In a previously reported 
case of FPLCH, E-cadherin expression by ne 
oplastic cells was decreased in extrapulmo- 
nary metastatic lesions, while in one of the 
HS cases in the Hirabayashi study, the E-cad- 
herin immunoreactivity of neoplastic cells 
varied in different organs.2,6 These results 
suggest that the expression of E-cadherin by 
feline neoplastic histiocytes could be altered 
by their microenvironments. 

 
PLCH in humans has been associated with to- 
bacco smoke, especially in young adults.1,3 

Tobacco smoke supposedly causes damage to 
the bronchial epithelium, which prompts the 
release of peptides that stimulate alveolar 
macrophages to secrete cytokines that acti- 
vate resident antigen-presenting LCs.3 Ge- 

 

Figure 2-3. Lung, cat. Cells within alveoli demonstrate 
strong immunopositivity for IBA-1. (anti-IBA-1, 400X) 

netic and other factors, such as prior treat- 
ment with chemo-therapeutic agents, may 
also be involved in the pathogenesis of 
PLCH.1 

 
Contributing Institution: 
San Marco Veterinary Clinic and Laboratory 
Pathology division 
Viale dell'Industria 3, 35030 
Veggiano (PD), Italy 
https://www.clinicaveterinariasanmarco.it/ 

 
JPC Diagnosis: 
Lung: Histiocytosis, alveolar, chronic, dif- 
fuse, severe, with fibrosis, type II pneumo- 
cyte hyperplasia, and smooth muscle hyper- 
plasia. 

 
JPC Comment: 
This case of feline pulmonary Langerhans 
cell histiocytosis provided participants with 
an opportunity to review proliferative histio- 
cytic disease in cats and complements the 
first case in this week’s conference, a case of 
canine systemic reactive histiocytosis. 

 
As in dogs, proliferative histiocytic disease of 
cats generally arises from dendritic cells – ei- 
ther interstitial dendritic cells or epidermal 
dendritic cells (Langerhans cells). Feline pul- 
monary Langerhans cell histiocytosis is the 
only proliferative disease of Langerhans cells 
in cats, as a feline equivalent canine cutane- 
ous histiocytoma has not been documented. 
Proliferative diseases of interstitial dendritic 
cells include feline progressive histiocytosis 
and histiocytic sarcoma (except the hemoph- 
agocytic form, which likely arises from mac- 
rophages). 

 
Feline progressive histiocytosis and histio- 
cytic sarcoma can both affect the lung and are 
histologic differentials for this section. FPH 
occurs in older cats and starts as single to 
multiple raised, alopecic, nonpainful and 
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Figure 2-4. Lung, cat. There is marked airway smooth 
muscle hyperplasia. (HE, 460X) 

nonpruritic nodules in the skin. The lesions 
do not regress, but wax and wane, and in ad- 
vanced cases, can spread to internal organs, 
such as the lungs, liver, and spleen.4,8,9 Histi- 
ocytic sarcoma can occur as a primary (local- 
ized) or metastatic (disseminated) neoplasm 
in the lung of cats, though it is less common 
in cats than in dogs.9 Histiocytes of both 
FPH and histiocytic sarcoma are expected to 
be negative for E-cadherin, which is normally 
expressed by Langerhans cells, and allows 
these differentials to be ruled out in this 
case.8,9 

 
Langerhans cells were first discovered by 
German physician Paul Langerhans (1847- 
1888) while working in Rudolf Virchow’s la- 
boratory at the Berlin Pathologic Institute. 
Langerhans was also the first to describe the 
pancreatic islets, now known as the islets of 
Langerhans, which he discovered nestled 
among pancreatic acini in the rabbit pancreas. 
Langerhans did not discover the function of 
these cells which bear his name; his academic 
career ended early after a pulmonary infec- 
tion drove him to relocate to Portugal and re- 
turn to medical practice. In this coastal loca- 
tion, he also developed a keen interest in ma- 
rine biology, and several species of marine 
worms bear his name. Langerhans died when 
he was only 41 due to a severe kidney infec- 
tion.11 
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CASE III: 

 
Signalment: 
11-month-old female spayed Golden Re- 
triever (Canis lupus familiaris) 

 
History: 
Female, spayed, Golden Retriever presented 
with chronic anterior uveitis, possible vitritis, 
possible iris mass, and secondary glaucoma 
in the right eye. The right eye is blind; thus, 
removal with histopathology of the right eye 
was elected. 

 
Gross Pathology: 
Uveitis with secondary glaucoma 

 
Laboratory Results: 
No laboratory findings reported. 

 
 

Microscopic Description: 
Right eye: Within the cornea, there is a small 
number of small-caliber vessels originating 
from the limbus and coursing through the pe- 
ripheral stroma (neovascularization). The an- 
terior chamber contains a large amount of 
hemorrhage (hyphema) admixed with eosin- 
ophilic homogeneous to polymerized mate- 
rial (proteinaceous fluid) and small numbers 
of polymorphonuclear cells. The iris, iridio- 
corneal angle, and ciliary body are markedly 
expanded and almost completely effaced by 
an unencapsulated, poorly demarcated, infil- 
trative, densely cellular mass. The mass is 
composed of pleomorphic neoplastic spindle 
to oval cells arranged in extensive sheets sup- 
ported by a moderate amount of fibrous to 
collagenous matrix. Multifocally, the neo- 
plastic cells are separated and lined upon, 
small, thin trabecula composed of deeply eo- 
sinophilic granular to glassy extracellular 
material (osteoid) that is variably mineral- 
ized. Multifocally, neoplastic cells are pre- 
sent in lacuna and are embedded within a ba- 
sophilic matrix (cartilage matrix). Neoplastic 
cells have a moderate amount of cytoplasm, 
variably discernible cell boundaries, a large 
oval nucleus with stippled chromatin, and 1- 
4    prominent    nucleoli.    Neoplastic   cells 

 

Figure 3-1. Globe, dog. A neoplasm infiltrates and ex- 
pands the iris, ciliary body, anterior uvea, sclera, and bi- 
laterally effaces the filtration angle. There is hemorrhage 
within the anterior segment. (HE, 6X) 
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Figure 3-2. Globe, dog. The neoplasm is composed of 
short, haphazardly arranged bundles of plump spindle 
cells. The cornea is at top. There is hemorrhage between 
the cornea and the neoplasm. (HE, 37X) 

 
demonstrate marked anisocytosis, anisokary- 
osis, and have a high mitotic index (20 per ten 
0.237mm2 fields). 50-60% of the mass is lack 
differential staining (coagulative necrosis) or 
a complete loss of cellular architecture with 
replacement by eosinophilic karyorrhectic 
and cytolytic cellular debris (lytic necrosis). 
The iris is multifocally adhered to the anterior 
lens capsule (posterior synechia). The irido- 
corneal angle is collapsed and effaced by ne- 
oplastic cells. The ciliary body is mostly ef- 
faced by neoplastic cells and neoplastic cells 
are observed extending up the zonules of 
Zinn to the lens capsule. There is a distinct 
layer of fibrous connective tissue extending 
from the surface of the ciliary body over the 
posterior lens capsule (cyclitic membrane). 
The non-tapetal retina is diffusely thin with 
marked hypocellularity of all layers, espe- 
cially the ganglion and inner nuclear layers 
(retinal degeneration). The tapetal retina is 
somewhat spared, but there is hypocellularity 
of the ganglion and inner nuclear layer (gan- 
glion cell layer degeneration). There are ag- 
gregates or emboli of neoplastic cells and ne- 
crotic cell debris within the scleral veins (vas- 
cular invasion). 
 
Contributor’s Morphologic Diagnosis: 
Right eye: Osteoblastic osteosarcoma, ante- 
rior uvea, with neovascularization, hyphema, 
cyclitic membrane, secondary glaucoma, and 

retinal degeneration, Golden Retriever, Canis 
lupus familiaris, canine 

 
Contributor’s Comment: 
Osteosarcoma is the most common tumor of 
the appendicular skeleton in dogs and cats.10 

They are locally invasive and readily metas- 
tasize to the regional nodes and elsewhere, 
especially lungs. Extraskeletal osteosarco- 
mas are less common and occur in soft tissue 
and visceral organs, without any primary 
bone involvement.9 Organs commonly af- 
fected are the adrenal gland, kidney, mesen- 
tery, ileum, liver, spleen, reproductive or- 
gans, and the eye.8 Osteosarcoma in the eye, 
as a primary process, occurs with even more 
rarity in dogs and cats.1,5 This ocular tumor 
has been reported most in large breed dogs 
between the age of 9 – 11.5 years.5 Common 
clinical signs include exophthalmos5, hy- 
phema, and blepharospasm.11 

 
Histologically, extraskeletal osteosarcomas 
appear similar to other skeletal osteosar- 
coma.7 Within the eye, the tumors are ob- 
served in the iris and ciliary body. Tumors are 
composed of pleomorphic spindle cells or 
stellate cells, with occasional multinucleated 
cells resembling osteoclasts, in an abundant 
extracellular collagenous matrix (osteoid).5,11 

Anaplastic osteoblasts are characteristic of 
osteoblastic osteosarcoma2, such as in this 
case. Other nuclear characteristics include 
hyperchromic, often eccentric nuclei with 
varying amounts of basophilic cytoplasm.3 

 

Figure 3-3. Globe, dog. Neoplastic cells are separated and 
surrounded by pink osteoid matrix. (HE, 318X) 
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Osteoblastic osteosarcomas are further char- 
acterized into 'productive' or 'non-productive' 
osteosarcoma to indicate the amount of bone 
production: minimal, lacy strands, irregular 
islands, and larger accumulation.3 In dogs, 
the most common subcategory of skeletal os- 
teosarcoma is moderately productive osteo- 
blastic osteosarcoma.3 Only one small scale 
study noted osteoblastic osteosarcoma as be- 
ing the most frequent type of extraskeletal os- 
teosarcoma in the dog, but was not further 
subcategorized.8 

 
Similar to humans, extraskeletal osteosarco- 
mas are highly malignant, and metastasis is 
common. However, this occurs less often to 
the lungs when compared to skeletal osteo- 
sarcomas.9 Decreased survival times result 
from late detection of tumors and restricted 
surgical resection of tumors from some sites.9 

 
In comparison, ocular osteosarcomas in cats 
can arise after trauma to the eye.12 Feline 
post-traumatic osteosarcoma can occur sev- 
eral months to several years after penetrating 
injury to the eye. The tumor starts at the lens 
and progresses towards lining the interior of 
the eye. It then extends to the scleral venous 
plexus or optic nerve10, to diffusely affect the 
globe.4,11 The lining of the eye by the tumor 
is a key feature in differentiating metastatic 
osteosarcoma vs. primary ocular osteosarco- 
mas. Metastatic rates in these feline cases 
have occasionally been documented to be 
60% with metastasis reaching the brain even 
post enucleation.12 

 
Contributing Institution: 
Department of Veterinary Pathology 
College of Veterinary Medicine 
Iowa State University 
Ames, Iowa 50010-1250 
https://vetmed.iastate.edu/vpath 

 
JPC Diagnosis: 
Eye, anterior uvea and sclera: Osteosarcoma. 

 

 
Figure 3-4. Globe, dog. In some areas of the neoplasm, 
neoplastic cells are entrapped by cartilaginous matrix 
(HE, 256X) 

 

JPC Comment: 
As the contributor mentions, primary intraoc- 
ular osteosarcoma is rare in veterinary spe- 
cies and has been reported in dogs, cats, a 
cockatoo, and most recently, a rabbit. 
Makishima et al. described a primary intraoc- 
ular osteosarcoma in an 8-year-old lop-eared 
rabbit. The animal had a history of cataracts, 
glaucoma, and posterior lens luxation in the 
left globe several years prior to the develop- 
ment of osteosarcoma. The neoplasm created 
significant exophthlamos and effaced almost 
the entire globe, extended beyond the sclera 
in the retrobulbar space, but did not invade 
the optic nerve or surrounding tissues. There 
was no evidence of metastasis, and the ani- 
mal died due to respiratory failure caused by 
pulmonary neuroendocrine tumors.8 

 
Primary appendicular osteosarcoma can be 
difficult to differentiate histologically from 
other primary bone tumors, including chon- 
drosarcoma and fibrosarcoma. One key his- 
tologic feature considered diagnostic for os- 
teosarcoma is the presence of osteoblasts pro- 
ducing osteoid. In equivocal cases, immuno- 
histochemistry may be required to differenti- 
ate these bone tumors, and a recent study 
evaluated several markers with varying his- 
torical utility in osteosarcoma: alkaline phos- 
phatase (ALP), runx2, osteonectin (ON), and 
osteopontin (OP). All four markers were 
found to be very sensitive for osteosarcoma, 
but specificity varied. The study authors 
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Figure 3-5. Globe, dog. Neoplastic cells, embedded in 
matrix, demonstrate immunopositivity for SABT2 (anti- 
SATB2, 400X) 

found that ALP, which has the highest sensi- 
tivity but low specificity, is best used as an 
initial screening test, and runx2, an osteoblast 
transcription factor with highest specificity of 
the four markers, should be run on ALP-pos- 
itive sections. Combining these two tests in 
parallel provided 87% sensitivity and 85% 
specificity in canine appendicular osteosar- 
comas.2 

 
The moderator discussed how the presence of 
neoplastic cells within the scleral vessels ad- 
jacent to the trabecular meshwork is likely 
due to passive drainage and not necessarily 
indicative of primary vascular invasion. Ad- 
ditionally, differentiation between primary 
and metastatic neoplasia in this case cannot 
be done histologically and requires correla- 
tion with clinical findings. Historically, the 
lung has been the most common site for oste- 
osarcoma metastasis, but the moderator also 
discussed that, anecdotally, oncologists are 
seeing an increased number of osteosarcoma 
metastasis to atypical sites. This may be due 
to prolonged survival times with advances in 
tumor treatment. 
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CASE IV: 

 
Signalment: 
4.8-years-old, female, Limousin, (Bos tau- 
rus) bovine. 

 
History: 
Presented to the Institute of Veterinary Pa- 
thology with a history of thickened skin, hy- 
potrichia, alopecia and signs of lameness. 

 
Gross Pathology: 
The skin displayed generalized thickening 
with folding and wrinkling. The peripheral 
lymph nodes were enlarged. Multiple white 
miliary foci were disseminated in the respir- 
atory and vaginal mucosa, fasciae and scleral 
conjunctivae. The claws revealed rotation of 
the distal phalanges. 

 
Laboratory Results: 
No laboratory findings reported. 

Microscopic Description: 
Eye (anterior part): Multifocal expansion and 
bulging of the conjunctiva, iris and sclera by 
many interstitial mature protozoal cysts. The 
multi-layered protozoal tissue cysts are 150- 
350 µm in diameter with an outermost 15-30 
µm pale eosinophilic, hyaline capsule. Next 
is a greenish intermediate layer (5 µm, not in 

all cysts), followed by a 5-15 µm rim of host 
cell cytoplasm containing 2-5 giant but flat- 
tened nuclei. The majority of the cyst is com- 
posed of the central parasitophorous vacuole 
containing numerous, tightly packed, cres- 
cent-shaped, 2x7 µm bradyzoites. Occasion- 
ally, a thin concentric layer of spindle-shaped 
cells with flattened nuclei (fibrocytes) and 
eosinophilic fibers (mature 
collagen) surrounds cysts. Some cysts are 
concentrically surrounded by small to moder- 
ate numbers of macrophages, multi-nucleated 
giant cells, lymphocytes and fewer plasma 
cells and eosinophils. Occasionally, cysts are 
directly beneath and bulging iridal anterior 
and posterior pigment layers and corneal en- 
dothelium (not on all slides). 

 
Contributor’s Morphologic Diagnosis: 
Eye: Conjunctivitis and iritis, multifocal, 
granulomatous, mild, chronic with intrale- 
sional protozoal cysts. 

 
Cause: Besnoitia besnoiti 

 
Etiologic diagnosis: Protozoal conjunctivitis 

 
Contributor’s Comment: 
Bovine besnoitiosis is a chronic debilitating 
disease of cattle, caused by the cyst-forming 

 

Figure 4-1. Globe, ox. Numerous Besnoitia cysts ae pre- 
sent within the sclera of the globe. (Photo courtesy of: 
Institute of Veterinary Pathology, Faculty of Veterinary 
Medicine, LMU Munich, Veterinaerstr. 13, 80539 
Muenchen, http://www.patho.vetmed.uni- 
muenchen.de/index.html) 
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Figure 4-2. Globe, ox. Multiple sections of the anterior 
segment of the globe are submitted for examination. 
(HE, 3X) 

apicomplexan parasite Besnoitia besnoiti. 
The disease is re-emerging in Europe and 
showed rapid spread to Germany, Italy, Swit- 
zerland, Hungary, Belgium, and Ireland 
within eight years.11 The genus Besnoitia has 
10 species (Table 4.1).6 B. besnoiti, the type 
species mainly affects cattle, and wild ungu- 
lates may represent a natural reservoir of in- 
fection.10 The life cycle of bovine besnoi- 
tiosis is incompletely understood. Cattle rep- 
resent intermediate hosts, where cyst-for- 
mation takes place but the definitive hosts, 
where intestinal sexual reproduction is 
thought to occur are unknown. In analogy to 
the four species with complete knowledge of 
life cycle (B. darling, B. neotomofelis, B. 
oryctofelisi, B. wallacei) a heteroxenous life 
cycle is assumed. 

 
In cattle, acute besnoi- 
tiosis is characterized by 
fast proliferation of 
tachyzoites in endothe- 
lial cells and cells of 
macrophage lineage. 
Clinical signs include 
pyrexia, anorexia, nasal 
and ocular discharge, pe- 
ripheral lymphadenopa- 
thy, lameness and subcu- 
taneous edema. Histo- 
logical alterations in this 
stage consist of microcir- 
culatory and vascular le- 
sions like vasculitis, 
thrombosis, hemorrhage, 

and edema. Tachyzoites are few in naturally 
acquired bovine besnoitiosis and are difficult 
to identify in FFPE-tissues.1,10 

 
In the chronic stage, pathognomonic parasitic 
cysts develop in various tissues. Preferen- 
tially affected are non-intestinal mucosa, 
scleral conjunctiva, skin and fasciae. For un- 
known reasons and in contrast to peripheral 
tissues, visceral organs harbor markedly re- 
duced parasite load. Severe chronic bovine 
besnoitiosis leads to thickening and wrin- 
kling of the skin, sole ulcers and – in bulls – 
orchitis and sterility.3,6,13,14 Cysts consist of a 
central, cytoplasmic, single-membraned par- 
asitophorous vacuole harboring numerous 
slow-replicating bradyzoites. The host cell 
cytoplasm surrounding the parasitophorous 
vacuole is usually thin and contains several 
enlarged, but flattened hots cell nuclei. The 
next layer (intermediate layer, inner cyst 
wall) is not present in every mature cyst but 
is readily visible in developing cysts. The 
outermost layer of the cyst is a pale-eosino 
philic, hyaline layer, consisting of interwo- 
ven collagen fibrils.13 The host cell of B. 
besnoiti is immunohistochemically positive 
for vimentin and smooth muscle actin sug- 
gesting myofibroblast origin.5 Usually, at 

Table 4.1 
Species Target organs Intermediate host Definitive 

host 
B. akodoni Internal organs Grass mouse Unknown 
B. bennetti Non-intestinal mucosa, 

skin, SC 
Donkey, burro, 
horse, mule 

Unknown 

B. besnoitii Non-intestinal mucosa, 
skin, SC 

Cattle, wild ungu- 
lates, antelopes 

Unknown 

B. caprae Non-intestinal mucosa, 
skin, SC 

Goat, sheep Unknown 

B. darlingi Ear, internal organs, SC Virginia opossum, 
(lizard) 

Cat, bobcat 

B. jellisoni Internal organs Deer mouse Unknown 
B. neotomofelis Internal organs Woodrat Cat 
B. oryctofelisi Internal organs, muscle Rabbit Cat 
B. tarandi Non-intestinal mucosa, 

skin, SC 
Caribou, reindeer, 
mule deer, muskox 

Unknown 

B. wallacei Internal organs Rat Cat 
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Figure 4-3. Sclera, ox. Cysts of Besnoitia benoitii are pre- 
sent within the sclera. (HE, 47X) 

least some cysts are surrounded by pericystic 
inflammation, which mainly consists of T- 
cells, macrophages, multinucleated giant 
cells and eosinophils. Destruction of cysts is 
evident in subacute and chronic cases.14 

 
In animals with obvious lesions, the diagno- 
sis is made via clinical findings and histol- 
ogy. Because most of the chronic cases are 
mildly clinical or subclinical, diagnosis of 
bovine besnoitiosis on the herd level requires 
serology and/or PCR.7,18,19 Epidemiology of 
bovine besnoitiosis is incompletely under- 
stood. Animals are infected via direct con- 
tact, biting arthropods or mechanical vectors. 
Transmission occurs mainly in the summer 
months when insect activity is high. In en- 
demically infected herds, there is variable 
seasonal serological and clinical incidence 
and prevalence.9,10 

 
Contributing Institution: 
Institute of Veterinary Pathology 
Faculty of Veterinary Medicine 
LMU Munich 
Veterinaerstr. 13 
80539 Muenchen 
http://www.patho.vetmed.uni- 
muenchen.de/index.html 

 
JPC Diagnosis: 
Eye, conjunctiva, sclera, and iris: Multiple 
apicomplexan cysts. 

 

JPC Comment: 
This represents a classic case of ocular 
Besnoitia in a cow, and this protozoan pro- 
duces characteristic cysts which can reach up 
to 5 mm in diameter and are visible on gross 
examination. Protozoal cysts appear as small 
white nodules on the haired skin of the face, 
ears, scrotum, and conjunctiva, where they 
are called scleral pearls.2 Other classic signs 
of chronic B. besnoitii infection include alo- 
pecia, thickening, and wrinkling of the peri- 
ocular skin, the scrotum, and other areas of 
the body due to scleroderma.17 Gross differ- 
entials for the skin lesions include dermato- 
phytosis and photosensitization, both of 
which can cause blepharitis, and Moraxella 
bovis and Listeria monocytogenes, both of 
which are important causes of conjunctivitis 
in cattle. None of these differentials would 
have pearlescent nodules.3 

 
The acute phase of Besnoitia infection has 
less specific clinical signs (i.e. fever), lasts 
less than a month, and often goes undetected. 
The underlying lesion is vasculitis and 
thrombosis of small caliber vessels, which 
some authors have speculated is due to repli- 
cation of tachyzoites within endothelial 
cells.17 The acute phase may result in death 
due to nephrotic syndrome or respiratory dis- 
tress.17 A recent review article found that 
bulls are likely more susceptible than females 
to infection, and in the acute phase they can 
develop significant orchitis and infertility.17 

 
This review article also found that infection 
of animals less than 6 months of age is rare, 

 

Figure 4-4. Iris, ox. Cysts of Besnoitia benoitii are present 
within the iris. (HE, 59X) 
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Figure 4-5. Iris, ox. High magnification of Besnoitia cysts 
demonstrating the thick hyaline wall and numerous en- 
closed bradyzoites. (HE, 562X) 

 
and that the incidence of infection increased 
with advancing age.17 

 
Besnoitia is an economically important dis- 
ease in many areas of the world. Most cases 
are subclinical or have scleral cysts as the 
only clinical sign. When infection is intro- 
duced into a naïve herd, it is expected that 
10% to 50% of animals will develop clinical 
signs and lose economic value within the next 
three years.17 In endemically infected herds, 
the proportion of animals showing clinical 
signs is expected to increase with time.17 A 
recently developed modified live vaccine 
controls clinical signs but does not appear to 
be effective in preventing subclinical infec- 
tion.17 

 
Some of the conference participants de- 
scribed the vacuolation of the corneal endo- 
thelium in this section as a pathologic 
change; the moderator, who has a special in- 
terest in ocular pathology, explained that this 
is a normal and expected finding. Unless cou- 
pled with attenuation or other corroborating 
evidence, it should not be considered abnor- 
mal. 

 
The moderator discussed other protozoa 
which can be found in the eye, including 
Trypanosoma, Toxoplasma, Leishmania 
(25% of systemic cases involve the eye), and 
Neospora caninum; Encephalitozoon cunic- 
uli can also cause phaecoclastic uveitis in 
rabbits. 
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WSC 2022-2023 Self-assessment 
Conference 25 

 

1. Systemic histiocytosis was first identified in which of the following breeds? 
a. German Shorthaired pointer 
b. Bernese Mountain dog 
c. Jack Russell terrier 
d. Pomeranian 

 

        2.  True or false.  Langerin is found in canine Birbeck granules? 
         a. True 
         b.  False 
 

3. True or false? Pulmonary Langerhans cell in humans is associated with alcohol dependency. 
a. True 
b. False 

 
4. True or false?  Extraskeletal osteosarcomas have a higher rate of pulmonary metastasis than 

skeletal osteosarcomas. 
a. True  
b. False 

 
5. The host cell of the Besnoitia cysts in chronic infection is most likely? 

      a.  Myofibroblast 
      b.  Endotheliuml 
      c.  Macrophage 
      d. Sensory neuron 

      

Please email your completed Asessment for grading to Dr. Bruce Williams at 
bruce.h.williams12.civ@mail.mil. Passing score is 80%. This program (RACE program 33611) is approved 
by the AAVSB RACE to offer a total of 0.5 CE Credits, with a maximum of 12.5 CE Credits being available 
to any individual Veterinary Medical Professionals for the 2019-2020 Wednesday Slide Conference. This 
RACE approval is for the subject matter categories of: SCIENTIFIC using the delivery method of 
NONINTERACTIVE DISTANCE. This approval is valid in jurisdictions which recognize AAVSB RACE. 
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