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Conference 1 – August 16, 2023 

1 4167690 F20-0035032 Horse 
Kidney, 

lymph node 

Purpura hemorrhagica / Strepto-

coccus equi subsp. equi 
8 

2 4182639 122 Sheep Heart 
Myocardial mineralization and 

neocrosis / Nutritional myopathy  
13 

3 4166753 21-619-2 Sheep Brain 
Granulomatous encephalitis / 

Coenurus cerebralis 
17 

4 4153148 F18-122528 Alpaca Brain Teratoma 21 

Conference 2 – August 23, 2023 

1 4179965 1-2002 Dog Brain 
Cerebellar cortical atrophy / 

Neuronal ceroid lipofuscinosis 
27 

2 4183330 90 Cat Brain Dysplastic gangliocytoma 32 

3 4188569 P-1360-22 Dog Brainstem Meningioangiomatosis 37 

4 4196118 F21-114368 Cat 
Spinal cord, 

spinal nerves 
Lymphoma 42 

Conference 3 – August 30, 2023 

1 4153013 1800382c Horse Haired skin Cutaneous mast cell tumor  49 

2 4181131 P21 350 Cat Haired skin Cowpox viral dermatitis 52 

3 4167923 P-1360-22 
Göttingen          

minipig 
Haired skin 

Thrombocytopenia purpura of 

Göttingen minipigs 
61 

4 4117644 18RD161 Dog 
Periorbital 

tissue 
Canine lobular orbital adenoma 66 

Conference 4 – September 13, 2023 

1 4196024 F22-43990 Horse Liver 
Necrosuppurative hepatitis / 

Tyzzer’s disease 
72 

2 4101303 N16-421 Chicken Crop, Liver 
Proliferative ingluvitis/ Capil-

lariasis 
77 

3 4181837 22-006 Cow Heart Cardiac lymphoma 80 

4 4181835 22-0019 Bull Liver 
Granulomatous hepatitis / Myco-

bacterium bovis 
87 

Conference 5 – September 20, 2023 

1 4165964 20V-3048 Cat Lung Idiopathic pulmonary fibrosis 94 

2 4183456 NA Dog Kidney 
Granulomatous interstitial ne-

phritis / Rasamonsia argillacea 
97 

3 4181857 73907 Marmoset Lung 
Metastatic duodenal mucinous 

adenocarcinoma 
101 

4 4183332 H22-1044 Calf Kidney Renal dysplasia 106 

Conference 6 – September 27, 2023 

1 4198440 23-176 Saker Falcon Aorta Atherosclerosis 113 

2 4152935 18101170-4 Dog Jejunum 
Eosinophilic and granulomatous 

enteritis / Pythium insidiosum 
119 

3 4186711 A-73/22X Chicken Trachea 

Fibrinonecrotizing tracheitis / 

Fowl pox virus and Gallid herpes 

virus 1 (Infectious laryngotra-

cheitis) 

125 

4 4198199 23-147 Dog 

Skeletal 

muscle, 

heart, lung 

Rhabdomyosarcoma 130 

Conference 7 – October 4, 2023 

1 4134862 SP19-1418 Dog Haired skin 

Lymphoplasmacytic dermatitis 

and folliculitis / Pelodera stron-

gyloides 

139 
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2 4181696 B22-02929 Dog Haired skin  
Epidermal dysplasia with solar 

elastosis / actinic dermatosis 
142 

3 4181698 H21-3024 Cat Haired skin 
Thymoma-associated exfoliative 

dermatitis 
147 

4 4198646 22-016721 Dog Claw 
Symmetric lupoid onychodystro-

phy 
152 

Conference 8 – October 11, 2023 

1 4166463 T21-15865 Horse 
Small Intes-

tine 

Lymphoplasmacytic and eosino-

philic enteritis / Eimeria 

leuckarti 

158 

2 4181149 20-12730 Pig Lung 
Interstitial pneumonia / Asccaris 

suum 
163 

3 4198668 21-1210-1-10 Octopus 

Digestive 

gland, 

esophagus 

Chronic cestodiasis 167 

4 4066089 N15-19 Colt Colon 
Granulomatous colitis / cy-

athostomiasis 
171 

Conference 9 – October 18, 2023 

1 4198546 D23-000602 Dog Lung 

Pulmonary veno-occlusive dis-

ease and capillary hemangioma-

tosis 

177 

2 4165963 L20 16795 Dog Lung 

Eosinophilic pneumonia / Eosin-

ophilic pulmonary granulomato-

sis 

182 

3 4121043 V17-19285 Cow Lung 
Atypical interstitial pneumonia / 

2-methylindole toxicity 
188 

4 4184463 N-133-22 Ram Lung 
Bronchopneumonia / Maedi-

visna virus 
192 

Conference 10 – November 15, 2023 

1 4186705 
WSC 22-23 

PRF_1 
Betta Fish Kidney 

Teratoma, egg binding, and gran-

ulomatous and fibrosing gastritis 
199 

2 4182288 21:4131 Red abalone Gut, kidney 
Epithelial necrosis / Withering 

syndrome 
203 

3 4170514 21681 
Harbour por-

poise 
Lung 

Broncho- and interstitial vermi-

nous pneumonia 
207 

4 4198544 D18-031756 Bald eagle Liver 
Granulomatous trematodiasis / 

Erschioviorchis sp. 
211 

Conference 11 – November 29, 2023 

1 4198266 21-26171 Cat Liver 
Hepatocellular necrosis and lip-

idosis 
216 

2 4199340 67262 Turtle Head 

Osteonecrosis and epithelial in-

clusion cysts / Emydomcyes 

testavorans 

221 

3 4198856 15-016B Sheep Liver 
Necrotizing hepatitis/F. tularen-

sis 
225 

4 4181840 21-3928-1-1 Zebrafish 
Ovary and 

coelom 
Egg associated inflammation 230 

Conference 12 – December 6, 2023 

1 4168071 NE19-2218 Cat Eye 
Granulomatous endophthalmitis 

/ Histoplasma capsulatum 
237 

2 4198501 N1022/395030 Bull Eye 
Ocular dysgenesis with retinal 

dysplasia 
241 

3 4166756 20-111408 Cow Eye 
Necrotizing vasculitis / Throm-

botic meningoencephalitis 
248 
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4 4198645 S23-0025.09 Cat Eye 

Pyogranulomatous keratocon-

junctivitis, scleritis, and uveitis / 

Mycobacterium lepraemurium 

252 

Conference 13 – December 13, 2023 

1 4153538 1235813-010 
Cynomolgus 

macaque 
Nasal cavity Malignant neoplasm 258 

2 4201814 MK1805004 
Rhesus ma-

caque 

Liver, 

gallbladder, 

common bile 

duct 

Necrotizing choledochitis and 

lymphocytic and eosinophilic 

cholangiohepatitis and cholecys-

titis/ Cytomegalovirus and Cryp-

tosporidium sp. 

261 

3 4199849 75340-21 Rat Heart, lung 

Suppurative endocarditis, myo-

carditis, and valvulitis / Group B 

Streptococci 

267 

4 4117301 16-47 Rat Kidney 
Suppurative pyelonephritis / 

Proteus mirabilis 
272 

Conference 14 – January 3, 2024 

1 4181848 E9514/18B2 Horse Haired skin 
Granulomatous dermatitis / Cu-

taneous leishmaniasis 
278 

2 4136176 N18-166 Horse Nasal cavity 
Granulomatous rhinitis / Phaeo-

hyphomycosis 
283 

3 4134351 36715.18 Horse Larynx 
Proliferative laryngitis / Rhino-

sporidium seeberi 
288 

4 4198552 S2303061 Horse Kidney 
Suppurative embolic nephritis / 

Actinobacillus equuli 
293 

Conference 15 – January 10, 2024 

1 4117908 Case 1 Goat Jaw Giant cell tumor of bone 299 

2 4175180 UMVP 775-20 Chicken Vertebra 
Necrotizing spondylitis / Kinky 

back 
304 

3 4200200 23-024517 Dog Long bone Metastatic pilomatricoma 308 

4 4182283 N20-1511 Parakeet Femur Metastatic Sertoli cell tumor 312 

Conference 16 – January 17, 2024 

1 4199659 N23-20/B Rabbit 

Liver, 

spleen, ce-

cum 

Necrotizing typhlitis and spleni-

tis / Yersinia pseudotuberculosis 
317 

2 4168203 1650/20 Parakeet Liver Necrotizing hepatitis 323 

3 4065132 P15-818 Horse Liver 
Massive hepatocellular necrosis / 

Theiler’s disease 
327 

4 4167959 21H8353B1 Cat Liver 
Hepatic amyloidosis and portal 

vein hypoplasia 
330 

Conference 17 – January 24, 2024 

1 4181062 P22-05552-5 Dog 
Mediastinal 

mass 
Ganglioneuroblastoma 337 

2 4117531 69236 
Rhesus ma-

caque 
Cerebrum Pituitary adenoma 343 

3 4198553 
NC-23-

0000344 
Dog Cerebrum 

Eosinophilic meningoencephali-

tis 
350 

4 4182282 N22-623 Dog Spinal cord 
Perivascular histiocytosis / Glo-

boid cell leukodystrophy 
355 

Conference 18 – February 1, 2024 

1 4174101 20N16744 Bison Lung 

Fibrinosuppurative and necrotiz-

ing bronchopneumonia /Myco-

plasma bovis 

360 
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2 4201808 X-1571-23 Skunk 
Pancreas, 

cerebrum 

Necrotizing meningoencephalitis 

and pancreatitis / Influenza A vi-

rus 

364 

3 4182581 S2010162M1 Rabbit Liver 
Necrotizing hepatitis / Rabbit 

Hemorrhagic Disease Virus 2 
369 

4 4066665 X-15818-14 Deer Lung 
Granulomatous pneumonia / 

Cryptococcus gattii 
374 

Conference 19 – February 7, 2024 

1 4198263 AP21-3301 Cornsnake 
Stomach, il-

eum, colon 
Necrotizing gastroenterocolitis 381 

2 4199030 Case 2 Opossum Lung 

Neutrophilic and histiocytic in-

terstitial pneumonia / Didelpho-

strongylus hayesi 

386 

3 4179970 S-21-645 Porcupine Liver 
Necrotizing hepatitis / Toxom-

plasma gondii 
390 

4 4199658 22-2188-7 
Visayan horn-

bill 
Ventriculus 

Fibrinoid and heterophilic vascu-

litis with koilin erosion 
395 

Conference 20 – February 14, 2024 

1 4117871 BC 2018 Dog Colon 
Necrotizing colitis / Neospora 

caninum 
402 

2 4182588 21H13412 Horse 
Colon, 

lymph node 

Pyogranulomatous and necrotiz-

ing colitis and lymphadenitis / 

Rhodococcus equi 

407 

3 4199186 S 220/23 Cow 
Small intes-

tine 

Segmental mural hemorrhage / 

Hemorrhagic Bowel Syndrome 
411 

4 4181693 S21-1623 Pig 
Small intes-

tine 

Lymphoplasmacytic enteritis / 

Porcine adenovirus 
415 

Conference 21 – April 3, 2024 

1 4200196 50812 Dog Thymus Thymoma, type A 421 

2 4200383 21-952-1 Dog Oral mucosa Osteogenic melanoma 431 

3 4141990 17 C 1597 Dog Eye Lymphoma  437 

4 4198261 AP22-4407-4 Dog Pancreas 
Hyalinizing exocrine pancreatic 

adenocarcinoma 
441 

Conference 22 – April 10, 2024 

1 4184462 M22-06546 Cow 
Lymph node, 

liver 

Bridging fibrosis and biliary hy-

perplasia / Fasciola hepatica 
447 

2 4180147 3191106034 Horse 

Mammary 

gland, lymph 

node 

Granulomatous and eosinophilic 

mastitis / Halicephalobus gingi-

valis 

452 

3 4198864 T23-17829 Dog 
Skeletal 

muscle 
Osteosarcoma 457 

4 4166550 O347/20 Dog 
Urinary 

bladder 
Urothelial cell carcinoma 459 

Conference 23 – April 17, 2024 

1 4205634 21 1232-73 B3 Cat Vertebra Vertebral angiomatosis 468 

2 4183637 21-43601 Sandhill crane 
Tibiotarsal 

joint 
Chondromatosis 474 

3 4186710 X-2070-21 Hedgehog 
Lymph node, 

jaw 

Pyogranulomatous osteomyelitis 

and lymphadenitis /Neisseria an-

imaloris 

480 

4 4199017 P23-1279 Rat Tail Vertebral malformation 485 

Conference 24 – April 24, 2024 

1 4200376 21-1552-8 Flamingo Kidney Amyloidosis and urate tophi 492 
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2 4199016 A22-520 Tortoise Skin 
Necrotizing dermatitis / 

Austwickia chelonae 
500 

3 4199510 14123 A1 Crocodile Skin 
Necrotizing and proliferative 

dermatitis / Crocodilepox virus 
505 

4 4159327 Case 2 Koala Lung 
Pyogranulomatous broncho-

pneumonia / Actinomyces sp. 
508 

Conference 25 – May 1, 2024 

1 4199774 23020713-2 Goat Placenta 
Lymphohistiocytic placentitis / 

Coxiella burnetii 
515 

2 4201723 N-588/22 Goat 
Mammary 

gland 

Necrotizing and lymphohistio-

cytic mastitis / Mycoplasma aga-

lactiae 

520 

3 4201720 V23-002999 Rabbit Uterus 

Uterine adenocarcinoma, endo-

metrial venous aneurysm, and 

cystic endometrial hyperplasia 

525 

4 4182638 119 Ram Penis Ulcerative balanitis 530 
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Joint Pathology Center 

Veterinary Pathology Services 

 

WEDNESDAY SLIDE  

CONFERENCE 2023-2024  
 

Conference #1                                           16 August 2023 

 
CASE I:   

 

Signalment:  

6-year-old, warmblood mare, equine (Equus 

caballus)  

 

History:  

The animal presented for treatment following 

a 24-hour history of lethargy and inappe-

tence. The mare was diagnosed with Stran-

gles three weeks prior and was being medi-

cally managed with flunixin meglumine. At 

presentation, serum creatinine was 4.0 

mg/dL, then rose to 10.2 mg/dL despite ag-

gressive diuresis. The animal became anuric 

and was euthanized due to poor prognosis.  

 

 
Figure 1-1. Kidney, horse.  Dark red to black 
areas of hemorrhage extend from the cortex 
into the medulla. (Photo courtesy of: Colo-
rado State University Veterinary Diagnostic 
Laboratory, http://csu-cvmbs.colos-
tate.edu/vdl/Pa-ges/default.aspx) 

 
Figure 1-2. Intestine, horse.  There are conflu-
ent areas of hemorrhage on the intestinal se-
rosa and mesentery. (Photo courtesy of: Col-
orado State University Veterinary Diagnostic 
Laboratory, http://csu-cvmbs.colos-
tate.edu/-vdl/Pages/default.aspx) 

 

Gross Pathology:  

The kidneys were mottled dark red and tan 

throughout, with dark red to black streaks ex-

tending from the cortex into the medulla. 

Multiple abdominal serosal surfaces con-

tained petechiae and ecchymoses. There was 

serosanguinous thoracic and pericardial effu-

sion, and generalized intramuscular and ven-

tral subcutaneous edema. The mandibular 

and retropharyngeal lymph nodes were swol-

len, edematous and reddened, and at least one 

lymph node exuded purulent material when 

incised. One guttural pouch contained a hard 

nodule of inspissated purulent material ad-

hered to the ventral mucosal surface.   
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Figure 1-3. Kidney and lymph nodes, horse.  
There are multifocal to coalescing areas of 
necrosis within the renal cortex which extend 
into the medulla. Lymph nodes are separated 
and surrounded by fibrosis. (HE, 7X) 

 

Laboratory Results: 

Aerobic culture from a retropharyngeal 

lymph node swab yielded moderate mixed 

growth including Streptococcus equi subsp. 

equi, Streptococcus equi subsp. zooepidemi-

cus, Sphingobacterium spp. and Pseudomo-

nas spp. 

 

Microscopic Description:  

Kidney: Multiple irregular regions of the cor-

tex are composed of coagulative necrosis 

characterized by partial loss of nuclear and 

cellular detail, hypereosinophilia, and kar-

yorrhectic debris with maintenance of tissue 

architecture. Random scattered small to me-

dium caliber blood vessels have segmental to 

circumferential transmural smudged eosino-

philic walls infiltrated by intact and degener-

ate neutrophils, with some infrequent frag-

mentation of the tunica intima and media. 

Diffusely glomeruli in intact regions are seg-

mentally to globally expanded by smudged 

homogenous eosinophilic matrix, intact and 

karyorrhectic neutrophils with fewer other 

mixed leukocytes (fibrinocellular crescents). 

Bowman’s space is frequently filled with 

erythrocytes. Tubular epithelial cells are mul-

tifocally pyknotic and sloughed into the lu-

men. The interstitium is multifocally ex-

panded by small aggregates of neutrophils. 

Tubules are multifocally filled with brightly 

eosinophilic proteinaceous fluid. Adipose tis-

sue on the capsular surface is infiltrated by 

lymphocytes, plasma cells, and neutrophils 

within a thin layer of well-vascularized fi-

brous tissue. 

 

Lymph node: The architecture of the node is 

nearly effaced by extensive fibrosis admixed 

with aggregates of neutrophils which are oc-

casionally ringed by epithelioid macro-

phages. Occasionally small clusters of baso-

philic 1-3 micron cocci are present within in-

flammatory foci. Lymphoid follicles are mul-

tifocally distributed through the tissue. Occa-

sionally, small caliber blood vessels along the 

periphery are surrounded or obscured by 

moderate numbers of lymphocytes, plasma 

cells, neutrophils, and macrophages. 

 

Contributor’s Morphologic Diagnoses:  

Kidney: Glomerulonephritis, severe, multifo-

cal, segmental to global, with fibrinocellular 

crescents.  

 

Kidney: Fibrinonecrotizing and suppurative 

vasculitis, severe, multifocal subacute-active, 

with coagulative necrosis (infarction), hem-

orrhage and edema.  

 

 
Figure 1-4. Kidney, horse.  There is infarction 
and loss of glomerular and tubular detail 
within the renal cortex. (HE, 55X) 
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Lymph node: Pyogranulomatous lymphade-

nitis, severe, multifocal to coalescing, 

chronic, with fibrosis and rare cocci. 

 

 

Contributor’s Comment:  

Streptococcus equi equi-associated purpura 

hemorrhagica (PH) is a well-characterized, 

though uncommon immune complex-driven 

vasculitis following prolonged infection with 

S. equi equi, otherwise known as Strangles. 

In the case of S. equi equi-associated PH, 

complexes are formed between Streptococcal 

M protein (SeM) and IgA which deposit in 

vessel walls.4 Immune complex formation 

and deposition in tissue depends on the 

amount of antigen, antigen:antibody ratio, 

and size of the complexes. Type III hypersen-

sitivity reactions occur when there is slightly 

more antigen than antibody in circulation, 

forming complexes small enough to remain 

soluble but large enough to accumulate 

within tissue and initiate the complement cas-

cade, resulting in the classic leukoclastic vas-

culitis.7,9 Other individual immunologic fac-

tors may also play a role in defective clear-

ance of immunocomplexes. Free SeM can 

also activate the NLRP3 inflammasome, in-

ducing IL-1β production, promoting pyropto-

sis in macrophages, and worsening systemic 

inflammation.8  

 

 
Figure 1-5. Kidney, horse.  There is vasculitis 

and thrombosis of renal vessels and the adja-

cent glomeruli.  There is coagulative necrosis 

of tubules in this area as well. (HE, 257X) 

 
Figure 1-6. Kidney, horse.  A PTAH stain 

demonstrates the presence of polymerized 

fibrin within glomeruli.  Fibrin is a dark navy 

blue.  (PTAH, 400X) 

Immune complexes can be detected in the cir-

culation of affected horses.4 Horses with 

prior exposure or who are vaccinated are at a 

slightly higher risk of developing PH with 

subsequent S. equi equi infection, presuma-

bly due to preexisting antibody titers priming 

formation of immunocomplexes.1 The per-

cent of horses with Strangles that develop PH 

varies, with two studies of outbreaks report-

ing 6.5% and 5.4% respectively.2 Other bac-

teria, including Corynebacterium pseudotu-

berculosis, and some viruses induce PH, also 

through a type III hypersensitivity mecha-

nism.9 The typical clinical presentation of PH 

is variable but often includes well-demar-

cated, gravity-dependent edema with pete-

chiae and/or ecchymoses on the mucous 

membranes and skin.1,10 This case is unusual 

in that the primary clinical presentation was 

acute anuric renal failure, presumably sec-

ondary to the numerous and extensive renal 

infarctions. Infarctive PH resulting from ves-

sel occlusion secondary to vasculitis is de-

scribed most commonly with infarction of 

skeletal muscle, leading to stiffness and pain, 

or in the gastrointestinal tract, leading to 

colic. While the infarctions were responsible 

for acute severe renal failure, the non-in-

farcted glomerular tufts contained abundant 

inflammation, regions of necrosis, and fibrin 

thrombi (fibrinocellular crescents).  
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Figure 1-7. Lymph nodes, horse.  Lymph 
nodes are separated and surrounded by fi-
brosis. (HE, 33X) 

 

Glomeruli are a well-known target for immu-

nocomplex (IC) deposition in a variety of 

type III diseases such as systemic lupus ery-

thematosus. Demonstration of glomerular IC 

deposition has not been confirmed in horses 

with S. equi equi associated PH, however glo-

merulonephritis with basement membrane IC 

deposition is reported as part of post-strepto-

coccal infection in humans.6 Henoch-Schon-

lein syndrome is a human form of IgA IC dis-

ease that causes purpura, arthritis, gastroin-

testinal symptoms, and glomerulonephritis 

and is thought to be caused by infections in-

cluding streptococcal organisms, viruses, 

medication, insect bites and other causes.5 It 

is suspected that the glomerulonephritis ob-

served in this case may have been due to local 

IC deposition; however, the extensive tissue 

damage and inflammation precludes more 

careful evaluation of glomerular architecture 

and basement membrane thickness via elec-

tron microscopy. Special stains, including 

PTAH and PAS, confirmed fibrin deposition 

in glomeruli, though the mesangial basement 

membrane was predominantly obscured.    

 

Contributing Institution:  

Colorado State University  

Veterinary Diagnostic Laboratory 

https://vetmedbiosci.colostate.edu/vdl 

 

 

 

 

 

JPC Diagnosis: 

Kidney, vessels and glomeruli: Vasculitis, 

necrotizing, multifocal to   coalescing, severe 

with thrombosis and extensive cortical and 

medullary infarction. 

 

Lymph node: Lymphadenitis, suppurative, 

focally extensive, moderate, with reactive hy-

perplasia. 

 

JPC Comment:   

Purpura hemorrhagica is a prototypical Type 

III hypersensitivity-mediated disease. As the 

contributor notes, the classic histologic lesion 

is leukoclastic vasculitis, with an inflamma-

tory infiltrate composed of neutrophils in 

which nuclei have disintegrated into frag-

ments termed “nuclear dust” or, less poeti-

cally, “leukocytoclasia.”3 The contributor 

provides a nice discussion of the factors that 

lead to immune complex deposition within 

vascular walls and trigger the Type III hyper-

sensitivity reaction. 

 

Type III hypersensitivity reactions can be 

thought of as “innocent bystander” reactions 

because the injured tissue is not a direct target 

of the immune response; rather, once depos-

ited within tissues, the immune complexes 

themselves activate multiple cellular pro-

cesses and cascades that result in inflamma-

tion and tissue damage. 7 Most critically, im-

mune complexes lead to complement activa-

tion when IgG and/or IgM are cross-linked 

with C1, leading to the formation of the C3 

and C5 convertases of the classical comple-

ment pathway. Cleavage products of classical 

pathway, C3a and C5a, cause increased vas-

cular permeability and vasodilation. C5a is 

also chemotactic for neutrophils and macro-

phages, luring them to sites of immune com-

plex deposition where their released and 

elaborated proteolytic enzymes and free rad-

icals damage surrounding tissues. Vascular 

damage can compromise the intima, leading 

to exposure  
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Figure 1-8. Lymph nodes, horse. Inflamed fi-

brous connective tissue surrounds and infil-

trates a lymph node.  Germinal centers are 

hypocellular due to lymphocyte loss. 

of subintimal collagen, coagulation cascade 

and platelet activation, and the production of 

microthombi with subsequent infarction.  

 

This sequence of Type III hypersensitivity-

mediated injury is not unique to Strangles-as-

sociated purpura hemorrhagica, but is part of 

a stereotyped pattern of injury in several im-

mune-mediated diseases of veterinary im-

portance.  The contributor mentions systemic 

lupus erythematosus, where DNA and nu-

celoproteins serve as antigenic niduses for 

immune complex formation. Others include 

equine infectious anemia, equine recurrent 

infectious uveitis, “blue eye” secondary to 

canine adenovirus 1 infection, hypersensitiv-

ity pneumonitis, rheumatoid arthritis, and 

acute glomerulonephritis, among others.7 

 

The conference moderator, COL Jeremy 

Bearss, outgoing JPC director, stressed the 

importance of examining vessels in all tis-

sues. Though easily overlooked among more 

eye-catching histologic features, the vessels 

often contain a wealth of diagnostic infor-

mation as in this case, where the leukoclastic 

vasculitis is a key histologic feature. 

 

Careful consideration was given to the con-

tributor’s description of fibrinocellular cres-

cents; however, no fibrinocellular crescents 

were noted in the histologic sections exam-

ined during the conference. 
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CASE II:  
 

Signalment:  

1-month-old, male, Rasa Aragonesa sheep 

(Ovis aries) 

 

History:  

This animal was one of 400 lambs on a single 

farm. 250 lambs became lethargic and apa-

thetic and 10 lambs died suddenly. 

 

Gross Pathology:  

Approximately 40% of the endocardium and 

myocardium of both ventricles had well-de-

marcated, multifocal foci of white, hard, 

crunchy tissue admixed with areas of mild 

hemorrhage. 

 

 
Figure 2-1. Heart, sheep.  40% of the ventric-
ular myocardium, especially in subendocar-
dial regions have foci of fibrosis, mineraliza-
tion, and hemorrhage.  (Photo courtesy of: 
Universidad de Zaragoza. Departamento de 
Patología Animal, https://patologiaan-
imal.unizar.es) 

 
Figure 2-2. Heart, sheep.  One section from 
the ventricular wall and septum is submitted 
for examination.  There is well-demarcated 
dark discoloration of the subendocardial my-
ocardium.   (HE, 6X) 

 

Microscopic Description: 

Heart: Diffusely up to 40% of the tissue is af-

fected by a degenerative and necrotizing pro-

cess.  On a focally extensive area of the my-

ocardium close to endocardium, some cardi-

omyocytes are swollen with moderate 

amounts of vacuolation and pale eosinophilic 

cytoplasm (degeneration), others are 

shrunken and hypereosinophilic, with loss of 

cross striations and fragmentation of myofi-

brils, and occasional contraction bands, with 

pyknosis and karyorrhexis (necrosis). Many 

degenerate and necrotic myocytes contain 

abundant amounts of basophilic granular ma-

terial (mineral). Multifocally, scattered 

among the tissue are few neutrophils and 

lymphocytes admixed with moderate edema 

and mild hemorrhage. Few satellite nuclei 

surrounding affected fibers are hyperplastic. 

 

Contributor’s Morphologic Diagnosis:  

Cardiac muscle: Focally extensive necrosis 

and degeneration with mineralization, poly-

phasic, subacute, moderate. 

 

Contributor’s Comment:  

The most common nutritional deficiency 

leading to nutritional myopathy is selenium 

deficiency. Nutritional myopathy resulting 

from vitamin E deficiency in the absence of 
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selenium deficiency is uncommon in mam-

mals but may be more common in birds and 

reptiles.2 Selenium is primarily considered a 

powerful antioxidant because of its role in the 

glutathione peroxidase system.4 Antioxidant 

systems are believed to have evolved as a 

means of surviving in an oxygenated atmos-

phere by dealing with free radicals and the 

toxic products of their metabolism. Animal 

antioxidant defense mechanisms are based on 

the synthesis of numerous biological antioxi-

dants that include the antioxidant enzymes 

glutathione, thioredoxin, and coenzyme Q. 

There is also a range of dietary antioxidants 

which can be provided in feed, which include 

vitamin E, carotenoids, polyphenolics, and 

selenium (as a precursor to selenoproteins). 

Under stress conditions, the internal antioxi-

dant system network alone cannot deal 

properly with excess reactive oxygen species 

formation and requires additional help from 

dietary antioxidant sources provided via 

feed/water. Vitamin E and selenium are ma-

jor feed-derived antioxidants.8 

 

Nutritional myopathy in sheep is probably 

more prevalent in more areas of the world 

than the disease in cattle. The names white 

muscle disease, rigid lamb disease, and stiff 

lamb disease were coined to describe the 

most frequently encountered clinical patterns 

in 2-4 week-old lambs, which very often are 

spring lambs, recently turned out onto the 

first green pasture.2 Congenital nutritional 

myopathy does occur in lambs, but not often. 

The typical disease may occur as an outbreak 

among lambs from 1 day to 2 months of age 

or beyond. Mortality at this stage may be very 

low or may reach 50%. The next peak of in-

cidence occurs at 4-8 months of age as 

weaned lambs are put onto lush pastures fol-

lowing mowing or into feedlots. Mortality is 

not usually very high, but the incidence of 

minimal clinical disease may be moderately 

high and that of subclinical disease may be 

higher still.2  

Lesions and their corresponding clinical 

signs are as varied as the circumstances under 

which myopathy occurs. The lesions may be 

detectable in lamb fetuses at least 2 weeks be-

fore parturition. In the congenital disease, 

tongue and neck muscles used in suckling 

movements often contain the most severe le-

sions. When the lesions occur in lambs a few 

days older, they are likely to be much more 

extensive and involve primarily the major 

muscles of the shoulder and thigh but also 

back, neck, and respiratory (diaphragm and 

intercostal) muscles.2 Severe, often fatal my-

ocardial necrosis is typically part of the im-

portant vitamin E and selenium-responsive 

syndromes of nutritional myopathy of lambs, 

calves, swine, and horses, and in mulberry 

heart disease of swine. It may also be seen as 

part of equine rhabdomyolysis and of capture 

myopathy and other exertional syndromes 

where vitamin E and selenium depletion pro-

duce cardiomyocyte alterations characterized 

by contraction band necrosis and myofibrillar 

lysis.4,7 

 

Given the potential for a common mechanism 

of cell injury in both selenium deficiency and 

selenium toxicity, it is not surprising that the 

primary lesion in these two diseases is myo-

cardial necrosis. Therefore, in cases of acute 

myocardial necrosis, it is imperative that tis-

sue selenium levels are quantified before a di-

agnosis of selenium deficiency is rendered.1 

Polyunsaturated fatty acid levels must also be 

examined as supplementation with polyun-

saturated fatty acids can greatly increase the 

severity of these changes.4 

 

Several mineral deficiencies might be present 

at the same time in a sheep herd. Cases of 

poor growth performance in lambs should be 

investigated taking several mineral deficien-

cies, particularly cobalt, copper, and sele-

nium into account. Clinical examination can 

often give only suspected diagnoses, so to ac-

cess possible mineral deficiencies, a  
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nutritional assessment should be performed 

sampling not only blood, but also liver tissue 

via biopsy or post-mortem samples.3  

 

Contributing Institution:  

University of Zaragoza 

Departamento de Patología Animal (Área 

histología) 

University of Zaragoza 

Zaragoza, Spain 

   

JPC Diagnosis: 

Heart, myocardium: Mineralization and ne-

crosis, subendocardial, diffuse, severe, with 

fibrosis. 

 

JPC Comment:   

The striking myocardial mineralization ob-

served grossly and histologically in this case 

is an excellent example of pathologic calcifi-

cation. Pathologic calcification is the abnor-

mal deposition of calcium salts, along with 

smaller amounts of iron, magnesium, and 

other mineral salts, within soft tissues.6 Path-

ologic calcification comes in two forms: dys-

trophic calcification and metastatic calcifica-

tion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Metastatic calcification occurs primarily in 

normal tissues due to a calcium-phosphate 

imbalance (“metastatic is metabolic”) and is 

more likely to occur when the serum product 

of the calcium-phosphorus concentration ex-

ceeds 70 mg/dL. Causes for calcium-phos-

phate imbalance are many and include 

chronic kidney disease, vitamin D toxicosis, 

inappropriately elevated parathyroid hor-

mone, or humoral hypercalcemia of malig-

nancy. Metastatic calcification tends to occur 

in tissues that exist in alkaline environments, 

primarily the stomach, kidneys, and lungs.  

Dystrophic calcification, by contrast, occurs 

in areas of tissue necrosis (“dystrophic is 

dead”) and typically occurs in patients with 

normal serum calcium levels. Intracellular 

calcium overload is an expected consequence 

of cell death as ischemia leads to the opening 

of membrane calcium channels and the flood-

ing of the cytosol with calcium normally se-

questered in the sarco- or endoplasmic retic-

ulum and mitochondria.5 Neccrotic myofi-

bers are particularly prone to dystrophic cal-

cification due to the high levels of calcium 

ions stored in the sarcoplasmic reticulum; 

thus, selenium or vitamin E deficiency-

Figure 2-3. Heart, sheep.  Higher magnification of an area of myofiber degeneration and necrosis 

with mineralization of deeper myofibers. (HE, 270X)   
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driven necrosis may quickly lead to whole 

myocyte calcification and to the white, gritty 

lesion for which white muscle disease gets its 

common name.5  

 

Nutritional myopathy, the preferred term for 

white muscle disease, may present differently 

in different species. The contributor provides 

a good summary of the typical disease 

presentation in young, suckling animals. In 

affected adult horses, the temporal and mas-

seter muscles are often preferentially affected 

with swelling and stiffness leading to im-

paired mastication.9 The disease in cattle, 

sheep, goats, and camelids more typically af-

fects the postural muscles and the muscles of 

locomotion without the profound involve-

ment of the temporalis and masseter muscles 

seen in horses.9 Severe disease in all species 

can lead to necrosis and dystrophic calcifica-

tion of the myocardium or endocardium, as 

illustrated in this case. 

 

Lesions may also differ based on chronicity. 

In animals with severe, acute myopathy lead-

ing to death (typically young animals) lesions 

are characterized by widespread muscle ne-

crosis and dystrophic mineralization with 

minimal inflammation. In subacute or 

chronic disease, lesions are polyphasic with 

active necrosis, macrophage infiltration, and 

regeneration all present simultaneously.9 

 

There was dispirited discussion among con-

ference participants about the phasic nature 

of the myocardial lesions in this case. Lesions 

resulting from nutritional myopathy, a 

chronic process, would be expected to be pol-

yphasic; however, the slides reviewed in con-

ference appeared to the moderator and con-

ference participants to be largely monophasic 

and characterized solely by necrosis and min-

eralization. Participants discussed whether 

the young age of the animal at death pre-

cluded full lesion development or if the ex-

amined histologic section was 

unrepresentative. No satisfactory resolution 

was reached during conference discussion 

and the final JPC morphologic diagnosis 

slyly skirts the issue by omitting any refer-

ence to phase.  
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CASE III:  

 

Signalment:  

4-year-old, female, Southern Pre-alps sheep 

(Ovis aries). 

 

History:  

Several animals of a herd showed neurologic 

symptoms including amaurosis for several 

weeks. Some animals progressed to death, 

others were euthanized and submitted for 

necropsy. This case was referred (alive) to the 

veterinary hospital for pedagogic purposes. 

The animal presented depressed, with a left 

head tilt, circling to the left, and a hypermet-

ric forelimb gait. MRI showed a 4 cm liquid 

mass in the left cerebral hemisphere com-

pressing the lateral ventricle. The mass was 

surgically removed; 2 days later the animal 

was euthanized because of status epilepticus. 

 

Microscopic Description:  

Cerebrum: The cerebral parenchyma is char-

acterized by a compressive cystic nodular le-

sion lined by diffuse, moderate to severe in-

flammation composed of a large number of 

lymphocytes and plasma cells surrounding 

several macrophages, epithelioid cells and 

multinucleated giant cells with up to 11 nu-

clei. Multifocally, between the granuloma-

tous inflammation and the cyst wall there is a 

large amount of amorphous eosinophilic ma-

terial and cellular debris (liquefactive necro-

sis). The cyst wall is composed of a thin outer 

undulating hyaline layer with microtriches 

(microvilli) and an inner layer of areolar tis-

sue (germinative membrane). Arising from 

the germinative membrane, multiple larval 

metazoan parasites are visible  

 
Figure 3-1. Cerebrum, sheep.  Within the cer-
ebrum, there is a cystic focus of inflammation 
containing a coenurus.  At this magnification, 
cross sections of multiple scolices are visible. 
(6X) 

 

(protoscolices). They are up to 1mm in diam-

eter, lined by an eosinophilic smooth, ridged 

tegument, which is also visible inside the par-

asite (inverted tegument). They contain a 

solid parenchyma with many basophilic to 

clear oval, up to 15µm basophilic bodies (cal-

careous corpuscles), an invaginated scolex 

containing multiple anterior suckers com-

posed of muscular rings comprising radial 

striations of muscle fibers, and a rostellum 

with multiple birefringent hooks. Digestive 

tract, reproductive tract, and pseudocoelom 

are absent. Lymphocytes and plasma cells are 

multifocally visible in perivascular areas 

(lymphocytic cuffs). 

 

Contributor’s Morphologic Diagnoses:  

Cerebrum: Encephalitis, granulomatous, fo-

cally extensive, chronic, moderate with in-

tralesional coenurus protoscolices. 

 

Contributor’s Comment:  

Coenurus cerebralis is the intermediate stage 

of Taenia multiceps. C. cerebralis has a 

worldwide distribution, affecting primarily 

sheep and goats, though it has been described 

in other animals, including cattle, buffalos, 

yak, horse and pig.4  

 

T. multiceps has an indirect life cycle. 

Canids, including domestic dogs, are  
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definitive hosts. Adult worms, up to 100 cm 

in length, live in the small intestine of defini-

tive hosts, who shed embryonated eggs and 

gravid proglottids in their faeces, contaminat-

ing pasture and water. When eaten by inter-

mediate hosts, eggs release oncospheres (lar-

vae) in the intestine. The oncospheres burrow 

through the intestinal wall, enter the circula-

tion and migrate to the central nervous sys-

tem, most often the cerebrum, where they 

form one or more unilocular bladder cysts.4 

Cerebral coenurosis is caused by Coenurus 

cerebralis, the larval stage of T. multiceps. 

The cysts grow over 6-8 months, eventually 

causing clinical signs.4 T. multiceps proto-

scolices develop from the inner cyst wall and 

can reproduce asexually so  

that each coenurus may contain up to 400-

500 scolices. The life cycle is completed 

when a definitive host eats the coenurus, re-

leasing protoscolices, which attach to the in-

testinal wall and develop into adults in 42 to 

60 days. This requires canids to have access 

to the brain of an infected animal.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cerebral clinical disease is commonly re-

ferred as “sturdy” or “gid.” Acute and chronic 

forms exist. The acute disease is caused by 

larval migration through the brain. Its sever-

ity depends on the number of ingested eggs 

and migrating parasites. The chronic form is 

more commonly observed and it occurs in 

older animals.4  It is due to cyst development 

in the brain, and less frequently in the spinal 

cord, causing parenchymal compression 

which leads to significant neurological signs 

and death.4 Clinical signs of C. cerebralis in-

clude ataxia, blindness, head pressing and 

circling towards the affected side of the 

brain.4,5,7 Signs progress to coma and death if 

untreated. Spinal cord lesions cause progres-

sive hind limb paresis/paralysis.4,5 Diagnosis 

is made using a combination of clinical signs, 

neurological examination, ultrasound and 

necropsy. 4 

 

Coenurus has been rarely reported in extra-

cerebral locations. These reports are mostly 

from Asian countries. Non-cerebral coenurus  

Figure 3-2. Cerebrum, sheep.  A fragment of the bladder wall is free-floating within the cystic 

space.  The bladder has a tegument with numerous ridges (top), a spongy parenchyma with numer-

ous somatic cell nuclei subjacent to the tegument, and scattered 10-30um calcareous corpuscles 

within the spongy parenchyma. (316X) 
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has been described in the skeletal muscle, fas-

cia, adipose tissue, lungs, peritoneum and 

pelvic cavity of sheep and goats.1,4  Non-cer-

ebral coenurus is often asymptomatic and 

only detected at slaughter, but may cause 

muscle pain.4  

 

Grossly, C. cerebralis is composed of thin 

walled, fluid-filled, unilocular cysts up to 

7cm in diameter. The cyst walls have multi-

focal white nodules comprising clusters of 

protoscolices.6 Cysts more commonly occur 

in the cerebrum than in cerebellum or spinal 

cord. The cysts cause cerebral compression 

and can be responsible for hydrocephalus and 

cerebral or cerebellar herniation.4,7 

 

Histologically, the cyst wall comprises an ex-

ternal eosinophilic layer with basophilic mi-

crotriches (microvilli) and an inner germina-

tive layer made up of areolar tissue.2  Multi-

ple T. multiceps protoscolices arise from in-

vaginations of the cyst wall. Protoscolices 

have four muscular anterior suckers, a rostel-

lum with up to 34 hooks arranged in 2 rows, 

and an eosinophilic invaginated tegument.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

They also have standard features of cestodes 

including a parenchyma containing calcare-

ous corpuscles, no pseudocoelom and no di-

gestive or reproductive tract.6 

 

Changes to the cerebral/cerebellar paren-

chyma range from mild to severe liquefactive 

necrosis and lymphocytic/ granulomatous in-

flammation with an infiltration of macro-

phages, lymphocytes, plasma cells and for-

eign-body multinucleated giant cells. Ac-

companying changes include neuronal de-

generation and necrosis, satellitosis, neu-

ronophagia, demyelination, gliosis and for-

mation of microglial nodules, non-suppura-

tive meningitis and meningeal hyperaemia 

and oedema.2,6 

 

Humans are rarely infected. The main loca-

tion of intermediate forms in humans is the 

subcutaneous tissue, but cerebral coenurosis 

is also described.4 

 

 

 

 

Figure 3-3. Cerebrum, sheep.  A cross section of an inverted scolex contains an armed rostellum 

and several muscular suckers.  (93X) 
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Figure 3-4. Cerebrum, sheep.  The coenurus is 
surrounded by a thick layer of granulomatous 
inflammation with a peripheral layer of pleo-
morphic epithelioid macrophages.  (306X) 

 

Contributing Institution:  

VetAgro Sup 

Campus Vétérinaire  

Anatomie Pathologique 

89 Av. de l’Europe 

63370 Lempdes, France 

www.vetagro-sup.fr 

JPC Diagnosis: 

Cerebrum: Encephalitis, granulomatous, fo-

cally extensive, severe, with coenurus. 

 

JPC Comment:   

Cerebral coenurosis is thought to have been 

reported for the first time by Hippocrates, 

who described a condition causing epilepsy 

in sheep and goats that was characterized by 

an excess of fluid in the brain.8 More re-

cently, studies from 1656 and 1724 reported 

the presence of water-filled sacs or bladders 

in sheep and cattle, remarking that these blad-

ders were frequent causes of vertigo and 

death in affected animals.8 It took until 1853, 

and feeding cysts taken from infected brains 

to unsuspecting dogs, to work out the life cy-

cle that the contributor so nicely details.  

 

Today, while coenurosis is reported sporadi-

cally in sheep and goats in many European 

countries (with a relatively high prevalence 

in Sardinia), the disease is a major endemic 

disease of small ruminants in the Middle 

East, particularly in Turkey, Egypt, Iraq, and 

Jordan.8 In this group, prevalence rates range 

from 2.9% of Jordanian sheep to 22.8-

23.68% of Iraqi sheep and goats.8 A wide 

range of prevalence is reported in Africa, 

from a low of 4-8% prevalence in Ethiopian 

sheep and goats to 42.1% in Tanzanian sheep 

and goats.8 The disease burden borne by ani-

mals and farmers in these regions is signifi-

cant, and transmission is difficult to control 

given that wild canids and herding dogs have 

the ability to travel and spread eggs and pro-

glottids widely. 

 

Infection prevention in endemic areas fo-

cuses heavily on educating farmers about 

proper sanitation and carcass disposal. In Sar-

dinia, Italy, a recent novel preventive meas-

ure featured controlled feeding stations, ac-

cessible only to birds, where carrion and offal 

were fed to vultures.8 Though not yet cur-

rently commercially available, vaccination 

against coenurosis is under development, 

with the first successful field test of a vaccine 

based on an oncosphere secretory antigen 

conducted in Sardinia in 2009.9  Once neuro-

logic signs of coenurosis are manifest, treat-

ment options include antihelminthic treat-

ments such as praziquantel, and surgical re-

moval, which is frequently successful though 

uncommonly performed. 

 

As the contributor notes, cerebral coenurosis 

is zoonotic and humans may become infected 

by ingesting eggs present in the feces of de-

finitive hosts.3 Once ingested, oncospheres 

hatch from the eggs, penetrate the intestinal 

wall, and travel via the circulation to target 

organs, including the brain, eyes, and muscle 

tissue.3 Luckily, such transmission are rare, 

with only approximately 40 reported human 

cases; nevertheless, for those unlucky few, 

treatment requires invasive treatments with 

results as generally unsatisfactory as in other 

species.3  

 

Conference discussion focused on the general 

approach to histologic evaluation of 
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parasites. The moderator emphasized that the 

ability to recognize the broad category of par-

asite, such as cestode, trematode, or nema-

tode, was often sufficient to get to a diagnosis 

when coupled with host species and anatomic 

location.  
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CASE IV:  

 

Signalment:  

8 year-old female alpaca (Vicugna pacos) 

 

History:  

The animal presented with a one-week his-

tory of lethargy, self-isolation from the herd, 

and progressive neurologic signs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4-1.  Cerebrum, alpaca.   A 4.5cm mass is firmly adherent to the left dorsolateral hemisphere.  
(Photo courtesy of: Colorado State University College of Veterinary Medicine, http://csu-cvmbs.co-
lostate.edu/vdl/Pages/default.aspx) 
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Figure 4-2. Cerebrum, alpaca.   The mass in 
cut section infiltrates the underlying tem-
poral lobe.   (Photo courtesy of: Colorado 
State University College of Veterinary Medi-
cine, http://csu-cvmbs.colostate.edu/vdl/ 
Pages-/default.aspx) 

 

Gross Pathology:  

Firmly adhered to the dura and compressing 

the left dorsolateral cerebrum, including the 

frontal, parietal and temporal lobes and 

causing rightward deviation of midline, is a 

4.5 cm diameter, multilobulated, well 

demarcated, firm mass. On cut section the 

mass varies from pale to dark tan with 

multifocal regions of cavitation filled with 

clear, straw colored, viscous fluid. 

Additionally, there is moderate cerebellar 

herniation through the foramen magnum. 

 

Imaging Results: 

On postmortem MRI, there is a large, broad-

based mass in the mid aspect of the dorsal left 

calvarium causing marked rightward devia-

tion and compression of the falx, left lateral 

ventricle, left frontal, parietal, and temporal 

lobes. The mass also causes moderate dorsal 

compression of the left mesencephalon. 

 

Microscopic Description:  

Compressing the cerebrum is a well demar-

cated, densely cellular, multilobular neo-

plasm composed of several populations of 

primitive cells as well as tissue representing 

all three primordial germ cell lines. Primitive 

neuroectodermal cells are arranged in dense 

sheets, as well as pseudorosettes and occa-

sionally rosettes. These primitive cells are of-

ten elongate with indistinct cell borders, a 

moderate amount of eosinophilic cytoplasm 

and ovoid to elongate nuclei. Anisocytosis 

and anisokaryosis in this population varies 

from mild to moderate and mitoses vary 

based of region. In more mitotically active re-

gions, there are up to 15 mitoses in a single 

400x field. Ectodermal components are com-

prised of well differentiated neurons associ-

ated with glial cells and neuropil. Addition-

ally there are numerous cysts filled with lam-

ellated keratin and keratin debris and lined by 

orderly stratified squamous epithelium. In a 

single keratin cyst, numerous cross sections 

of hair shafts are present (not available in all 

sections provided). Endodermal components 

are comprised of multifocal regions where 

neoplastic tissue forms variably sized cysts 

lined by a single layer of cuboidal to pseudo-

stratified columnar epithelium. The apical 

surface of this epithelium occasionally has 

variably distinct, irregular cilia-like projec-

tions (respiratory epithelium). Mesodermal 

elements are comprised of nodules of mesen-

chymal cells (fibroblasts), as well as bands of 

smooth muscle adherent to the basal surface 

of both squamous and respiratory epithelial  

 

 
Figure 4-3. Cerebrum, alpaca.   A hetero-
genous, multilobular, infiltrative and cystic 
mass effaces the neuroparenchyma.  (HE, 5X)   
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Figure 4-4. Cerebrum, alpaca.   The predomi-
nant cell in the neoplasm is a poorly differen-
tiated neuroectodermal cell which is ar-
ranged in nests and packets, sheets, streams, 
and occasional rosettes and pseudorosettes. 
(HE, 5X)   

 

lined cysts. There is a single focus of well-

differentiated cartilage (not present in all sec-

tions), as well as infrequent foci where there 

are individualized to small aggregates of adi-

pocytes. The mitotic rate is low across all 

well-differentiated cell types. Adjacent nor-

mal neuropil is not present in all sections. 

 

Immunohistochemistry for synaptophysin re-

veals primitive neuroectodermal cells that 

multifocally exhibit punctate to diffuse cyto-

plasmic immunoreactivity for synaptophysin. 

Neoplastic neurons and neuropil also exhibit 

strong cytoplasmic labeling for synaptophy-

sin. Blood vessels, bands of smooth muscle 

dissecting between large nodules of primitive 

neuroectodermal cells, and smooth muscle 

adherent to the basal surface of epithelial 

lined cysts exhibits strong staining for 

smooth muscle actin. Several large nodules 

of primitive neuroectodermal neoplastic cells 

exhibit irregular, punctate cytoplasmic label-

ing with cytokeratin. Additionally, epithe-

lium lining cysts exhibit strong cytoplasmic 

staining for cytokeratin. All neoplastic struc-

tures, except epithelial structures that are cy-

tokeratin positive, have strong cytoplasmic 

staining for vimentin.  

 

Contributor’s Morphologic Diagnosis: 

Cerebrum: Teratoma 

 

Contributor’s Comment:  

In human literature, classification of terato-

mas histologically is divided into three cate-

gories: mature, immature, and malignant.6 

Mature teratomas are characterized by sev-

eral types of mature, well-differentiated tis-

sues, and immature teratomas are comprised 

of poorly differentiated, primitive tissues.6 

Both types are classically comprised of tis-

sues from all three germ layers. Histopathol-

ogy of teratomas is widely varied but distinct 

in complexity. Diagnosis is made when tissue 

types from two or more of the germinal layers 

are present. The three germinal layers and tis-

sues representing each of them are as fol-

lows:3,6  

• Mesoderm: notochord, musculoskele-

tal system (including bone and carti-

lage), muscular layer of stomach and 

intestine, circulatory and lymphatic 

systems, reproductive system (exclud-

ing germ cells), dermis of skin, adrenal 

cortex; 

• Endoderm: epithelial linings (diges-

tive tract, respiratory system, urinary 

system), liver, pancreas, epithelial 

component of the thymus, thyroid and 

parathyroid; and 

 

 
Figure 4-5. Cerebrum, alpaca:  The predomi-
nant and primitive cell type is positive for cy-
tokeratin. (anti-AE1/AE3, 200X)  (Photo cour-
tesy of: Colorado State University College of 
Veterinary Medicine, http://csu-cvmbs.co-
lostate.-edu/vdl/Pages/default.aspx) 
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• Ectoderm: epidermis of skin, sweat 

glands, hair follicles, epithelial lining 

of mouth and anus, cornea and lens, 

nervous system, adrenal medulla, 

tooth enamel, epithelium of pineal and 

pituitary glands. 

 

Teratocarcinomas (malignant variants) are, in 

both human and veterinary literature, very 

rare. These tumors contain somatic-type neo-

plastic components and, in people, the most 

commonly seen are rhabdomyosarcomas and 

undifferentiated sarcomas.6 Ultimately, a di-

agnosis of immature teratoma was given 

based on the high proportion of primitive 

neuroectodermal components. 

 

In general, teratomas are benign tumors that 

most often arise in the gonads. In rare circum-

stances, however, they arise in extragonadal 

locations, including within the calvarium, 

and cause significant clinical disease second-

ary to local mass effect. A handful of reports 

exist documenting teratomas within the cra-

nium in a variety of veterinary species includ-

ing a rabbit, kitten, rat, dog, kestrel and an al-

paca.1,2,4,5,11 Other reports of nongonadal 

sites include adrenal teratomas in ferrets, a re-

nal teratoma in a llama and retrobulbar tera-

tomas in a cat, kestrel and great blue 

heron.5,9,12,13,14   

 

 
Figure 4-6. Cerebrum, alpaca.   Ectodermal 
structures recapitulating hair follicles are 
scattered throughout the mass.    (HE, 147X) 

 

 

 

 

 
Figure 4-7. Cerebrum, alpaca.  Pseudostrati-
fied epithelium recapitulates endodermal el-
ements of gut or respiratory epithelium. (HE, 
260X) 

 

Contributing Institution:  

Colorado State University 

College of Veterinary Medicine 

https://vetmedbiosci.colostate.edu/vdl/ 

 

JPC Diagnosis: 

Cerebrum: Teratoma. 

 

JPC Comment:   

With a name derived from the Greek words 

“teras,” meaning monster, and “onkoma” 

meaning swelling, teratomas have been ob-

jects of fascination and speculation for centu-

ries, likely due to their startling propensity to 

produce a disorganized jumble of anatomic 

structures such as hair, teeth, and eyes.10   

Historically, teratomas have often been inter-

preted as evidence of Satanic possession or 

all manner of salacious activities, and all of 

this attention had an unexpected benefit: re-

search surrounding this fascinating entity led 

fairly directly to the discovery of embryonic 

stem cells in the late twentieth century.7 

 

As the contributor details, teratomas are dis-

tinguished from other tumors by the presence 

of tissue from multiple embryonic germ lay-

ers. This developmental plasticity is shared 

with embryonic stem cells which are defined 

by their pluripotency and capacity for self-re-

newal. In the last thirty years, tremendous 

strides have been made in developing plu-

ripotent and induced pluripotent human stem 

cell lines which hold the tantalizing 
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possibility of revolutionizing regenerative 

and transplant medicine. 

 

A definitional concern when developing stem 

cell lines is how to test for pluripotency. This 

can be done by a variety of in vitro and in 

vivo measures; however, the gold standard 

method to confirm developmental pluripo-

tency is the in vivo “teratoma assay.”8 The as-

say involves injecting presumptively pluripo-

tent stem cells into immunodeficient mice, 

where, if truly pluripotent, they develop tera-

tomas. These tumors are allowed to grow and 

are then removed and analyzed histologically 

to ensure that the tumor produced cell popu-

lations from all three developmental layers.8 

The teratoma assay also allows pathologists 

to assess whether the resulting mass contains 

malignant elements which may increase the 

incidence of stem cell-induced malignancies, 

a current roadblock to more widespread im-

plementation of clinical trials for stem cell 

therapies.8 While ethical and humane ques-

tions surround the assay and alternatives to its 

use are being actively sought, the once- ma-

ligned teratoma has, for now, found new 

work as a cornerstone of the embryonic stem 

cell revolution. 
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WSC 2023-2024 

Conference 1 Self-Assessment 

1.  The vasculitis seen in purpura hemorrhagica is the result of which type of hypersensi-

tivity? 

a. Type I 

b. Type II 

c. Type III 

d. Type IV 

 

 

2. While most commonly seen in association with Streptococcus equi var. equi, purpura 

hemorrhagic may also be seen in association with which of the following bacteria in 

the horse? 

a. Corynebacterium pseudotuberculosis 

b. Salmonella typhimurium 

c. Actinobacillus suis 

d. E. coli 

 

3.  In birds and reptiles, nutritional myopathy is the result of  

a. Vit E deficiency in the absence of selenium deficiency 

b. Vit E deficiency with normal selenium levels 

c. Selenium deficiency in the absence of Vit E deficiency 

d. Selenium deficiency with normal Vit E levels. 

 

4. Mammary gland Which of the following is not present in Taenia multiceps? 

a. Armed rostellum 

b. Muscular suckers 

c. Calcareous corpuscles 

d. Paired internal ceca 

 

5. Nervous tissue is derived from which of the following.? 

a. Ectoderm 

b. Mesoderm 

c. Endoderm 
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CASE I:   

 

Signalment:  

2-year-old, female spayed Australian cattle 

dog, canine (Canis lupus familiaris)  

 

History:  

Unspecified clinical signs began at 11-12 

months of age. An MRI performed at 21 

months of age revealed brain atrophy. Clini-

cal signs progressed to ataxia, anxiety, blind-

ness, and aggression and the animal was eu-

thanized at 23 months of age. 

 

Gross Pathology:  

The cerebral gyri are uniformly narrow and 

widely separated by deep, prominent sulci. 

The cerebellar folia in all lobes are more 

deeply incised than expected for a normal 

brain. There are no other significant findings. 

 

Microscopic Description:  

Cerebellar atrophy is manifest as slender fo-

lia that retain an anatomically normal branch-

ing pattern. This change is quantitatively sim-

ilar throughout the cerebellum. At higher 

magnification, the molecular layer is narrow, 

and the internal granule layer is also thin and 

depleted of cell nuclei. Interestingly, the 

Purkinje cell layer is variably altered and the 

distance between cells is sometimes less than 

normal, possibly due to shrinkage in other 

layers. Neuronal cell bodies are multifocally 

swollen by variable amounts of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Cerebellum, dog.  View of the dor-
sal cerebrum with the calvarium removed. 
The gyri are pinched and narrow, while the 
sulci are prominent. (Photo courtesy of: Vet-
erinary Medical Diagnostic Lab, University of 
Missouri, https://vmdl.missouri.edu/) 

 

cytoplasmic, granular to globoid, lightly eo-

sinophilic to brown pigment which occasion-

ally peripheralizes the Nissl substance or nu-

cleus. Rare individual neurons are brightly 

eosinophilic and shrunken with pyknotic nu-

clei. Sections stained with Luxol Fast Blue-

PAS highlighted cytoplasmic inclusion bod-

ies consistent with lipofuscin. 

 

Contributor’s Morphologic Diagnosis:  

Brain: Cerebellar cortical atrophy with intra-

cytoplasmic neuronal storage material con-

sistent with lipofuscin. 

 

 



28 
 

 

 
Figure 1-2. Cerebellum, dog.  The cerebellar 

cortex is diffusely thinned across the entire 

section.  (HE, 5X) 

 

Contributor’s Comment:  

The neuronal ceroid lipofuscinoses (NCLs) 

are a group of inherited neurodegenerative 

diseases characterized by progressive decline 

following normal development. Characteris-

tic of the group is accumulation of auto fluo-

rescent pigment contained in lysosomes of 

neurons and other cell types.11 

 

Dogs are useful models of pathogenesis for 

this group of diseases and can be used to test 

the efficacy of therapies for humans.4 There 

are 13 canine sequence variants in 8 canine 

NCL orthologs of human NCLs that produce 

pathology similar to human diseases and var-

ious NCLs have been discovered in 20 differ-

ent dog breeds.4 The various subtypes of 

NCLs are referred to by the name of the par-

ticular mutated gene: “CLN,” meaning ceroid 

lipofuscinosis, neuronal, followed by a num-

ber. 

 

CLN types 1-4 are diseases of late infantile or 

juvenile onset, compared to CLNs 5-8 that 

have infantile onset.11 There are 27 different 

mutations known in humans.11 In CLN5 dis-

ease, affected dogs start showing clinical 

signs at around a year of age.  Similar to this 

dog, the pathology in other breeds and hu-

mans consists of severe, generalized, 

progressive cerebral and cerebellar atrophy. 

The defective gene product is a soluble gly-

coprotein that is cleaved in the endoplasmic 

reticulum and is transported to lysosomes and 

cleaved by mannose-6-phosphate.6,11 In-

traneuronal storage of the subunit c of mito-

chondrial ATP synthase and Saponins A and 

D follows.11 For all forms of CLN the end 

product is highly fluorescent and examina-

tion of unstained sections by fluorescence 

microscopy is the most sensitive form of de-

tection.4 Electron-dense ultrastructural de-

posits are similar but not identical between 

the different types of lipofuscinosis.11 

 

This patient was an Australian cattle dog that 

began showing neurological signs at 11-12 

months of age. MRI imaging detected diffuse 

brain atrophy at 21 mos and the dog was eu-

thanized at 23 mos. CLN5 in this breed of dog 

is the result of a homozygous  C->T transition 

at position 30,574,637 on chromosome 22, 

reflected in the transcript (CLN5:c:619C>T). 

This change coverts a glutamine to a termina-

tion codon (p.Gln207TER).5 An identical 

  

 
Figure 1-3. Cerebellum, dog.  The midline 

cerebellar cortex demonstrates preservation 

of the architecture of the folia that are of di-

minished thickness. (HE, 40X) (Photo cour-

tesy of: Veterinary Medical Diagnostic Lab, 

University of Missouri, https://vmdl.mis-

souri.edu/) 
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Figure 1-4. Cerebellum, dog.  Higher magnifi-

cation of the cortex shows relative preserva-

tion of Purkinje cells and reduced density of 

the internal granular layer. (HE, 100X) 

(Photo courtesy of: Veterinary Medical Diag-

nostic Lab, University of Missouri, 

https://vmdl.mis-souri.edu/)  

mutation has been found in border collies and 

Laborador-Beagle mix dogs.7,8,10 A second 

autosomal recessive mutation in the CLN5 

gene (c.934_935delAG) causes disease in 

Golden Retrievers.2 Purebred dogs often con-

centrate homozygous animals, leading to af-

fected offspring. For instance, a high mutant 

allele frequency (34.8%) has been found in 

kennels of border collie dogs in Japan, with 

an allele carrier frequency of 8.1%.7,8  Popu-

lar breeds may also develop more than one 

CLN mutation (e.g., CLN8 in Australian 

shepherd dogs and CLN12 in Australian cat-

tle dogs).3,9 

 

Increasingly, inborn errors of metabolism are 

being identified in mixed breed dogs in which 

neither parent is clinically affected. That sev-

eral breeds may have a high incidence of het-

erozygosity and produce affected offspring 

may suggest that some locations are genetic 

hotspots in dogs. Finding a  CLN5 affected 

Laborador-Beagle dog is presumably an ex-

ample to this occurrence.10 Recent studies of 

large populations of dogs suggest that some 

recessive mutations may occur at moderate 

frequencies in a number of different breeds so 

that inborn errors of metabolism are increas-

ingly likely in mixed breed dogs.1,12 

 

Contributing Institution:  

University of Missouri 

Veterinary Medical Diagnostic Lab 

https://vmdl.missouri.edu/ 

 

JPC Diagnosis: 

Cerebellum: Cortical atrophy, diffuse, with 

neuronal ceroidosis. 

 

JPC Comment:   

The storage diseases that collectively com-

prise the neuronal ceroid lipofuscinoses are 

rather poorly named, as the storage material 

is neither exclusively ceroid nor lipofuscin. 

Instead, as the contributor notes, compounds 

such as subunit c of mitochondrial ATP syn-

thase and sphingolipid activator proteins A 

and D may constitute the bulk of the retained 

material.2  

 

Inherited neuronal ceroid lipofuscinoses have 

been described in a variety of cat, sheep, dog, 

and cattle breeds and are a heterogenous 

group of diseases. The various disease 

presentations reflect the diversity of genetic 

mutations that underly the disease entities, 

with most mutations occurring primarily in 

genes that code for lysosomal enzymes 

(ARSG, ATP13A2, CLN5, CTSD, PPT1, 

TPP1), endoplasmic reticulum proteins  

 

 
Figure 1-5. Cerebellum, dog.  Purkinje cells 

contain large cytoplasmic vacuoles containing 

lipofuscin-like pigment. (HE, 1600X)  
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Figure 1-6. Cerebellum, dog.  Occasional ne-
crotic neurons with abundant lipofuscin-like 
pigment are encountered in the brainstem (as 
well as other sites). (HE, 100X)(Photo courtesy 
of: Veterinary Medical Diagnostic Lab, Univer-
sity of Missouri, https://vmdl.missouri.edu/) 

  

(CLN6), and endoplasmic reticulum-Golgi 

complex intermediate compartments 

(CLN8).3 All mutations result in the inappro-

priate storage of proteins and lipofuscin-like 

lipopigments in multiple organs, but the most 

clinically significant damage occurs in the 

cerebral cortex, retina, and cerebellar 

Purkinje cells.2 Lesions in these regions re-

sult in extensive cellular loss and atrophy 

with the concomitant clinical signs of demen-

tia, blindness, and ataxia.2  

 

 

Disease presentation, even among species 

with the same gene mutation, can be subtly 

different. For instance, the disease presenta-

tion in Border Collies and a few other related 

dogs breeds are due, as the contributor dis-

cusses above, to mutation in the CLN5 gene. 

In these animals, there are gait and visual def-

icits with increasing aggression and dementia 

by 18-24 months of age, a case presentation 

that mirrors the clinical history in this case.2 

The resulting blindness is central in nature as 

retinal lesions are usually mild. The CLN5 

gene deletion typically concentrates neuronal 

loss in the Purkinje cell layer and the limbic 

system, resulting in the ataxia and behavior 

changes that characterize this particular 

NCL.2 By contrast, the mutated bovine CLN5 

in Devon cattle causes blindness by 14 

months of age due to severe retinal atrophy 

but with only mild neuronal loss within the 

cerebrum and cerebellum.2  

 

While the underlying pathogeneses of the 

NCLs are still largely unknown, diagnosis is 

relatively straightforward. NCL-associated 

storage granules are characteristically auto-

fluorescent under ultraviolet light, have char-

acteristic ultrastructural lamellar profiles, are 

PAS and Luxol Fast Blue positive, and are 

weakly acid fast.2,12 

 

Conference discussion led by this week’s 

moderator, MAJ Brittany Beavis, Chief of 

Molecular Pathology at the United States 

Army Medical Research Institute of Infec-

tious Diseases, centered on the Purkinje cell 

layer, which appeared atrophic in some sec-

tions and relatively normal in others. Confer-

ence participants discussed how Purkinje 

cells can be subject to neurogenic atrophy 

due to loss of granule cells in addition to the 

direct damage caused by inappropriate reten-

tion of storage material. The variable ratio of 

these damaging inputs within the affected tis-

sue could be one reason for the heterogeneity  

Breed Mutated Gene 

Devon cattle CLN5 

English Setter CLN8 

Border Collie CLN5 

Australian Shepherd CLN6 

American Bulldog  CTSD 

Staffordshire Terrier ARSG 

Tibetan Terrier ATP13A2 

Dachshund PPT1 

Miniature Dachshund TPP1 

Borderdale sheep CLN5 

South Hampshire 

sheep 

CLN6 

Table 1-1. Selected breeds with associated 
NCL-related mutations. 
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observed within the Purkinje cell layer and is 

illustrative of the interconnectivity among the 

cerebellar layers and among neural structures 

more generally.  
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Figure 1-7. A combination Luxol Fast Blue/Pe-
riodic Acid-Schiff stain demonstrates numer-
ous lipofuscin-like granules in neurons. 
(LFB/PAS, 400X) (Photo courtesy of: Veteri-
nary Medical Diagnostic Lab, University of 
Missouri, https://vmdl.missouri.edu/) 
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CASE II:  

 

Signalment:  

3-year-old, male neutered domestic short hair 

cat, feline (Felis catus) 

 

History:  

This animal was referred to University hospi-

tal with a 5-month history of progressive 

ataxia and a 5-day history of lethargy. Neuro-

logical abnormalities included obtundation 

and profound cerebellovestibular ataxia of all 

limbs. Proprioceptive positioning was dif-

fusely delayed, hopping was markedly re-

duced to absent, and extensor postural thrust 

was absent. There was also positional vertical 

nystagmus. MRI scan revealed abnormal ar-

eas of hyperintensity in the cerebellum along 

with cerebellar herniation. 

 

Gross Pathology:  

The cerebellum is enlarged with ‘coning’ of 

the vermis. The cerebral gyri are flattened 

and widened. On sectioning, the cerebellar 

white matter was markedly expanded. Tho-

racic, abdominal, and pelvic organs are unre-

markable. 

 

Laboratory Results: 

Serology for Toxoplasma gondii was nega-

tive. 

 

 
Figure 2-1. Brain, cat. The cerebellum is 
mildly enlarged, folia are flattened, and there 
is coning of the vermis.  (Photo courtesy of: 
School of Veterinary Medicine, University 
College Dublin, Belfield, Dublin 4, Ireland, 
http://www.ucd.ie/vetmed/) 

Microscopic Description: 

Numerous large dysplastic neurons up to ap-

proximately 60 μm in diameter populate the 

cerebellar Purkinje cell layer and extend into 

the molecular and granular layers. These ple-

omorphic cells are characterised by scant to 

abundant pale to brightly eosinophilic cyto-

plasm. Their nuclei are occasionally eccentri-

cally located and up to approximately 30 μm 

in size varying from round to oval to reniform 

in shape with vesicular chromatin and a 

prominent nucleolus. In affected areas, the 

Purkinje cells are shrunken or lost and there 

is variable marked depletion of neurons in the 

granular layer. The neuropil is frequently rar-

efied or finely vacuolated (oedema) and con-

tains numerous, variably-sized swollen axons 

(spheroids). These severe changes frequently 

alternate with sharply defined areas where 

the normal cerebellar architecture is main-

tained. The white matter is extensively rare-

fied and contains large numbers of gemisto-

cytes. Examination with a luxol fast blue 

stain confirmed marked loss of myelin in af-

fected areas while no change in myelination 

was found in the cerebellar molecular layer. 

The meninges and perivascular spaces were 

multifocally infiltrated by low numbers of 

lymphocytes. Affected regions of cerebellum 

were immunohistochemically labeled for  
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Figure 2-2. Cerebellum, cat. 80% of cerebellar 
folia are thickened with thinning of the gran-
ular cell layer and diminished staining of the 
granular cell layer within the affected region.  
There is coning of the posterior vermis. (HE, 
6X)  

GFAP (astrocytes), NeuN (neuronal nuclei), 

NF clone 52 (axonal neurofilament H; 

heavy), and NF clone 312 (axonal pan-neuro-

filament). Immunohistochemical labeling of 

PTEN was also carried out to investigate the 

possibility of loss of PTEN protein expres-

sion as a result of PTEN gene mutation. 

There was consistent cell-specific labeling 

with each of these five antibodies. While im-

munolabeling with GFAP or NeuN was not 

found in dysplastic cells, axonal immuno-

labeling of NF52 and NF312 was maintained 

in their axons. Dysplastic neurons presented 

a heterogenous labeling pattern for PTEN, 

with the vast majority showing the absence of 

nuclear and reduced cytoplasmic immuno-

labeling. There were no abnormal findings in 

other brain regions. 

 

Contributor’s Morphologic Diagnosis:  

 

Brain: Dysplastic cerebellar gangliocytoma. 

 

Contributor’s Comment:  

This is the first report of dysplastic gangli-

ocytoma of the cerebellum in a cat that had 

presented with neurological deficits indicat-

ing cerebello-vestibular system disease. 

Dysplastic gangliocytoma of the cerebellum, 

commonly known as Lhermitte-Duclos dis-

ease, is an infrequent benign tumour de-

scribed in human patients.9 The neoplasm 

usually presents as a single unilateral discrete 

mass in the cerebellum, and bilateral involve-

ment is very rare.3,4,10,17 There is debate as to 

whether dysplastic gangliocytoma of the cer-

ebellum represents a true neoplasm or a 

hamartoma.14 Hamartomas are disorganised 

masses of normal to dysplastic cells which 

arise at sites where these cells are normally 

present.8 The fact that these lesions fre-

quently originate from clonal chromosomal 

aberrations makes their differentiation from 

benign tumours challenging and perhaps ar-

bitrary. The World Health Organization 

(WHO) central nervous system confer- 

ence has graded dysplastic gangliocytoma of 

the cerebellum as a grade 1 neoplasia.13 The 

classic macroscopic lesion is a unilateral en-

largement of the cerebellum with mainte-

nance of the folia.3,10,17 Microscopic findings 

are variable and include replacement of the 

cerebellar granular layer by large, well-dif-

ferentiated, dysplastic ganglion cells.4 Dys-

plastic gangliocytoma of the cerebellum can 

occur sporadically, but has also been associ-

ated with Cowden syndrome, an autosomal 

dominant genetic disorder characterised by 

multiple hamartomas that leads to an in-

creased risk of developing benign and malig- 

 

 
Figure 2-3. Cerebellum, cat. There is marked 
vacuolation of the molecular layer, loss of 
Purkinje cells, and marked hypocellularity of 
the granular cell layer. There is spongiosis of 
the folial white matter.   (HE, 81X)  
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nant tumours. Cowden syndrome is associ-

ated with germline mutations of the phospha-

tase and tensin homolog (PTEN) gene, a tu-

mour suppressor gene that leads to activation 

of the PI3K/AKT signaling pathway and un-

controlled cell proliferation.8 

 

In human patients the lesion is defined by the 

following components: (1) variable replace-

ment of the cerebellar internal granular layer 

by dysplastic ganglion cells, (2) abnormal 

myelinisation of the molecular layer, (3) re-

duced number of Purkinje cells, (4) large, bi-

zarre neurons, and (5) vacuolisation of cere-

bellar white matter.4 Each of these criteria 

were met in the current case except for abnor-

mal myelinisation of the molecular layer. In-

terestingly, the current case posed a bilateral 

presentation, which is rarely described in hu-

man patients.3,10,17 The mild inflammation, 

not considered to be of clinical significance, 

most likely occurred secondary to decreased 

cerebrospinal flow as a result of cerebellar 

enlargement and herniation.5 Immunohisto-

chemical labeling confirmed that the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dysplastic cells were of neuronal origin; ax-

onal neurofilament immunolabeling was pre-

sent, although NeuN immunolabeling was 

absent. Similar results have been reported in 

gangliocytomas in human patients.15 

 

Cowden syndrome is a multiple hamartoma 

syndrome associated with PTEN mutation in 

80% of cases of dysplastic gangliocytoma of 

the cerebellum in human patients, and clini-

cal diagnosis is made by the presence of a 

combination of characteristic criteria includ-

ing mucocutaneous lesions and a wide vari-

ety of benign and malignant tumors.4 Major 

and minor diagnostic criteria for Cowden 

syndrome in humans include adult onset of 

dysplastic gangliocytoma of the cerebellum 

and benign lipomas.6,10 A single case of 

Cowden-like syndrome has been described in 

the veterinary literature involving a Great 

Dane puppy that had colorectal hamartoma-

tous polyposis, ganglioneuromatosis, and an 

associated PTEN mutation.2 PTEN mutation 

resulting in downregulation/dysfunction has 

been reported and is suspected to contribute  

Figure 2-4.  Cerebellum, cat.  Affected regions of the cerebellar cortex are populated by pleomorphic 
ganglion cells.  Cells range up to 30µm and have pleomorphic nuclei and occasionally prominent cy-
toplasmic vacuoles.  (HE, 315X) 
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Figure 2-5.  Cerebellum, cat.  There is marked 
spongiosis of the cerebellar white matter and 
numerous gemistocytic astrocytes.  (HE, 
400X) 

 

to tumorigenesis in cats and dogs.12,16 In the 

current case, on IHC for PTEN mutations, the 

majority of dysplastic neurons showed loss of 

nuclear PTEN immunolabeling and reduced 

cytoplasmic immunolabeling. This may sug-

gest that a PTEN mutation contributed to tu-

mourigenesis in this case similar to what has 

been reported in Cowden syndrome. Alt-

hough the ‘gold standard’ diagnosis of 

germline mutations like PTEN has been 

Sanger sequencing, studies have suggested 

the possibility of IHC detection of PTEN mu-

tations as a superior approach as this tech-

nique also addresses potential epigenetic ele-

ments contributing to the loss of PTEN func-

tion.7 

 

Contributing Institution:  

University College Dublin 

School of Veterinary Medicine 

Belfield, Dublin 4, Ireland 

http://www.ucd.ie/vetmed/   

 

JPC Diagnosis: 

Cerebellum: Dysplastic gangliocytoma. 

 

JPC Comment:   

The uncontrolled growth that characterizes 

cancer is effected through two broad mecha-

nisms: gain of function mutations in normal 

proteins that promote cell growth, or loss of 

function mutations that diminish the efficacy 

of cell growth inhibitors. The former muta-

tions turn normal genes into oncogenes that 

drive cell proliferation via the production of 

constitutively active oncoproteins.11 Muta-

tions of the latter type occur in tumor sup-

pressor genes, leading to failure of growth in-

hibition, a fundamental hallmark of carcino-

genesis.11 

 

PTEN mutation, highlighted by the contribu-

tor as a critical factor in the development of 

many dysplastic gangliocytomas, is an exam-

ple of a loss of function mutation in a tumor 

suppressor. PTEN is a participant in a canon-

ical cell growth pathway that begins with a 

receptor tyrosine kinase (RTK). RTKs are 

transmembrane proteins with an extracellular 

growth factor binding domain and a cytoplas-

mic tyrosine kinase domain. In normal signal 

transduction, an extracellular growth factor 

binds the RTK’s extracellular binding do-

main, transiently activating the RTK and 

causing it to dimerize and autophosphorylate 

tyrosine residues on its cytoplasmic tail. 

These phosphorylated tyrosine residues serve 

as binding and activation sites for cytoplas-

mic signaling molecules, most notably 

RAS.11 In the activated state, RAS stimulates 

two downstream signaling cascades: the 

MAPK cascade and the PI3K/AKT pathway. 

The common end point of both pathways is 

the activation or production of transcription 

factors that move to the nucleus and increase 

production of proteins that drive progression 

through the cell cycle. Many proteins within 

these pathways are encoded by proto-onco-

genes; in fact, gain of function point muta-

tions in RAS that cause constant activation of 

downstream, pro-growth pathways are the 

most common proto-oncogene abnormalities 

in human tumors.11 

 

In this exuberant signaling milieu, PTEN’s 

function is to inhibit PI3K, the first of a series 

of serine/threonine kinases in the PI3K/AKT 

pro-growth pathway. Regulation at this stage 

is critical as AKT, the next kinase in the sig-

naling cascade, phosphorylates more than 
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150 proteins involved in regulating protein 

synthesis and apoptosis.11 If PTEN acquires a 

loss of function mutation, as is the case in up 

to 80% of dysplastic cerebellar gangliocyto-

mas, this cellular brake is lost, leading to un-

checked, pro-growth downstream signaling 

and a predisposition to tumor development.9 

 

The contributor alludes to the debate over the 

classification of this entity. A hamartoma, as 

stated above, is a non-neoplastic growth char-

acterized by an abnormal growth of cells in 

their normal anatomic location. Some 

sources distinguish hamartomas from neo-

plasia by pathogenesis; hamartoma is usually 

the result of a systemic genetic abnormality 

while neoplasia tends to be monoclonal since 

it originates from a single transformed cell.1 

In this case, the eye-catching dysplastic neu-

rons are in their native location and possibly 

arise from a germline mutation in PTEN, 

making classification as a hamartoma seem 

appropriate. As noted above, however, the 

human lesion is described by the WHO as a 

grade 1 neoplasm, and the literature includes 

a variety of terminology, including the term 

“hamartomatous neoplasm,” which provides 

little clarity. 

 

Conference participants engaged this debate 

without reaching general consensus, though 

most participants felt this entity more likely 

represented a hamartoma. No matter the ter-

minology, the biological behavior of this en-

tity is benign, though significant morbidity 

can accompany its growth within the con-

fines of the skull. 
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CASE III:  

 

Signalment:  

11-month-old, female spayed Labrador Re-

triever dog, canine (Canis lupus familiaris) 

 

History:  

The dog submitted to the CHUV (Centre 

Hospitalier Universitaire Vétérinaire), Fac-

ulté de Médecine Vétérinaire, University of 

Montreal, because of recurring respiratory 

difficulties (panting with its mouth closed) 

along with a head tilt and turning to the right. 

Clinical signs had been ongoing for over 9 

months. Clinical signs were still present after 

therapeutic trials with different immunosup-

pressive drugs. Humane euthanasia was per-

formed at home by the family veterinarian 

due to the guarded prognosis. 

 

 

 
Figure 3-1.  Brainstem, dog.  There is an area 
of grey discoloration in the right portion of 
brain stem which extends slightly to the left 
of the midline. (Photo courtesy of: Centre de 
Diagnostic Vétérinaire de l’Université de 
Montréal, Faculté de Médecine Vétérinaire, 
Université de Montréal 

Gross Pathology: 

This 24.5 kg Labrador Retriever dog is sub-

mitted frozen for necropsy examination and 

is in a suboptimal state of conservation fol-

lowing thawing. The animal has adequate 

muscle mass and body fat stores. The right 

portion of the cerebral trunk displays a 

3x1x1cm area of greyish discoloration which 

extends slightly to the left of the midline. The 

overlying leptomeninges have a dark discol-

oration. The spinal cord is unremarkable 

grossly. The heart weighs 221 g (0.9% of 

BW, within normal limits). All other internal 

organs are normal grossly. 

 

Microscopic Description:  

Brain: The observed gross changes in the area 

of the brain stem correspond to a poorly cel-

lular and poorly delineated process that is 

continuous with the leptomeninges and mul-

tifocally infiltrates the neuroparenchyma. 

These changes are characterized by anasto-

mosing fronds of spindle to stellate cells sur-

rounded by a mostly loosely arranged fibrous 

stroma of variable density. This stroma is 

usually centered around numerous blood ves-

sels, mostly small arterioles. The fusiform 

cells have a pale acidophilic cytoplasm that is 

finely fibrillar and moderately well 
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delineated. The nucleus varies from elon-

gated with rounded ends to round with a 

finely granular chromatin with no apparent 

nucleolus. Anisocytosis and anisokaryosis 

are minimal, atypia is unremarkable and no 

mitoses are observed. These spindle cells do 

not stain with GFAP immunohistochemistry 

staining. The lining of blood vessels located 

within that stroma is positive for Factor VIII. 

The leptomeninges overlying these prolifera-

tive changes are mildly to moderately thick-

ened multifocally in some areas by similar 

proliferating spindle cells and contain multi-

focal and superficially numerous melanin-

laden cells (melanocytes). In the adjacent 

neuroparenchyma, few neurons displaying 

chromatolysis and rare spheroids are ob-

served. 

 

Contributor’s Morphologic Diagnosis:  

Brain stem: Cerebral meningioangiomatosis 

 

Contributor’s Comment:  

Meningioangiomatosis (MA) is, in animals at 

least, a rare benign lesion, best regarded as a 

malformation or hamartoma producing cir-

cumscribed plaques on the surface of the 

brain stem and cervical spinal cord.3 

Hamartomas are mass lesions characterized 

by disorderly overgrowth of tissue elements. 

MA is seen most commonly in young dogs. 

Blood vessels appear in excess in these le-

sions and are cuffed by proliferating cells 

considered meningothelial in origin. The le-

sion usually does not extend into the underly-

ing neural substance, which shows mixed de-

generation and reactive changes, but can oc-

casionally grow deeper along perivascular 

spaces.3,19 

 

In veterinary medicine, this unique lesion has 

been described in a few dogs, one cat, one 

horse with associated mushroom toxicity, 

one cow that was part of a neuropathology 

BSE survey in Scotland, and in a CD-1 

mouse. 1,2,4,10,15,17,21,22,25 This lesion described 

by Corbett et al in a 13-y-old cat was located 

in the leptomeninges and outer neuroparen-

chyma of the right pyriform and temporal tel-

encephalic lobes, with extensive hemor-

rhage.4 

 

Human MA has been described as coexisting 

with meningiomas, arteriovenous malfor-

mations, oligodendrogliomas, meningeal he-

mangiopericytomas and orbital erosions.7 An 

association with another nervous lesion has 

also been described in a 3-month-old German 

shepherd dog with a thalamic astrocytic 

hamartoma with tectal meningioangiomato-

sis, and in a 4-y-old Labrador retriever dog 

with a fibrous meningioma.11,23 

 

MA typically occurs in the brain stem and 

cervical spinal cord of young dogs. An imag-

ing study documented thoracolumbar spinal 

cord involvement in two dogs (4-y-old male 

Boxer and 5-month-old female Labrador), an 

unusual site for this condition.12 In a 5-year-

old dog, a focus of MA located in the caudal 

thoracolumbar spinal cord and associated 

with abnormal hind limb gait was success-

fully excised and resulted in improvement of 

clinical signs with a good long-term progno-

sis.6 This benign lesion could then be curable 

with surgical resection depending on accessi-

bility of the location, as in humans.9 

 

 
Figure 3-2. Brainstem, dog. A network of hap-
hazardly arranged fibrovascular bundles infil-
trates the brainstem.  (HE, 6X) 
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Figure 3-3. Brainstem, dog. The ingrowing 
bands of fibrous connective tissue contain 
entrapped thick-walled arterioles.  (HE, 52X) 

 

In humans, the sporadic form of MA often re-

sults in headache and epilepsy. Focal cortical 

dysplasia has been described adjacent to foci 

of such lesions following surgical resection 

in cases of the sporadic form.13 MA lesions 

can demonstrate variable degrees of calcifi-

cation, cystic degeneration, tumor-like ap-

pearance and/or enhancement, making radio-

logic diagnosis a challenge. Multicystic MA 

is also recognized as a rare variant of the con-

dition, in which the cysts may have resulted 

from the gradual accumulation of cerebrospi-

nal fluid in the perivascular spaces of arach-

noid/vascular tissue trapped in the cortical 

parenchyma.16 Diagnosis of MA lesions can 

prove difficult but if done timely, prognosis 

with adequate surgical resection is typically 

good for seizure control in humans.9,18,26 

 

The other form of MA is, in humans, associ-

ated with neurofibromatosis type 2 (NF2). 

NF2-associated lesions are usually asympto-

matic. The autosomal dominant mutation in 

NF2 in humans is located on chromosome 

22q12 and encodes for the protein merlin, 

which is widely expressed and important for 

cell growth regulation. Individuals with this 

mutation have a predisposition to develop tu-

mors, particularly vestibular schwannomas 

and meningiomas, amongst others.5,26 MA 

and associated meningioma tissues were 

evaluated in a case series of 5 human patients 

using a next generation sequencing assay tar-

geting 1425 cancer-related genes. Of the two 

MA cases associated with meningioma, one 

had deletions in the NF2 gene in both the MA 

and the meningioma, whereas the other had a 

NF2 deletion in only the MA component. Ad-

ditional mutations were identified in the MA 

components of these cases, suggesting that 

the MA arises from the meningioma rather 

than the opposite.8 

 

In another small case series involving six hu-

man patients with MA, neurofibrillary tan-

gles were observed in neurons present both 

within the MA plaques and in the surround-

ing cortex. Neither senile plaques nor granu-

lovacuolar degeneration were noted. The fac-

tors stimulating the production of neurofibril-

lary tangles in these cases remains un-

known.14 

 

Contributing Institution:  

Centre de Diagnostic Vétérinaire de l’Uni-

versité de Montréal (CDVUM) 

Faculté de Médecine Vétérinaire 

Université de Montréal 

Saint-Hyacinthe, Qc, Canada 

cdvum@umontreal.ca 

 

JPC Diagnosis: 

Brainstem: Meningioangiomatosis. 

 

JPC Comment:   

The contributor provides an excellent over-

view of meningioangiomatosis (MA), a rare 

entity in both human and veterinary medi-

cine. Being our second hamartomatous entity 

of the week, it also provides an opportunity 

to compare and contrast the pathogeneses of 

NF2-associated MA and the dysplastic cere-

bellar gangliocytoma examined in the previ-

ous case.  

 

Both entities are caused by loss of function 

mutations in tumor suppressor genes: PTEN 

in the case of dysplastic cerebellar gangli-

ocytoma, and NF2 in certain cases of MA. 

NF2 encodes the protein product merlin, 

which is expressed primarily in neural tissue  
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Figure 3-4. Brainstem, dog. Vessels within the 
fibrous bands are highlighted by a Factor VIII 
stain.  (anti FVIIIa, 200X) 

 

and mediates contact inhibition of cell 

growth via signals received from the extra-

cellular matrix.20 Merlin acts as a cell prolif-

eration/arrest toggle, signaling cell prolifera-

tion pathways when phosphorylated and cell 

growth arrest pathways when hypo-phos-

phorylated. At high cell density, merlin be-

comes hypo-phosphorylated in response to 

hyaluronate (HA), a component of extracel-

lular matrix that surrounds cells, thus pre-

venting proliferation when the cellular neigh-

borhood becomes too crowded. Merlin’s pro-

growth activity is mediated by a cytoplasmic 

interaction with CD44, a transmembrane HA 

receptor; when cell density is low, merlin is 

phosphorylated, complexed with CD44, and 

growth permissive.20 

 

Similar to PTEN in the previous case, merlin 

operates in a complex signaling environment. 

When not complexed with CD44, merlin is 

active and inhibits receptor tyrosine kinases 

(RTKs) and their downstream targets, includ-

ing the previously discussed PI3K/AKT pro-

growth pathway. In this way, active merlin 

functions similarly to PTEN, but at an up-

stream point in the signaling cascade.24 In 

this state, merlin also simultaneously signals 

pro-apoptotic pathways and inhibits survival 

and growth pathways. Once complexed with 

CD44, however, merlin is phosphorylated, 

inactivated, and no longer able to inhibit 

RTKs, leading to the reverse effects de-

scribed above: the PI3K/AKT pathway is ac-

tivated, apoptotic pathways are inhibited, and 

survival and proliferative pathways are acti-

vated.24 In cases of NF2-associated MA, the 

mutation in NF2 leads to a dysfunctional 

merlin, which is unable to function as a brake 

on the RTK, PI3K/AKT cell growth pathway, 

leading to a variety of neuroproliferative con-

ditions, including MA. 

 

Signaling pathways are complex webs, with 

redundant, competing inhibitory and prolifer-

ative signals. This delicate balance is per-

turbed when any player in the process is dys-

functional. This week, cases II and III pro-

vide examples of this complexity by illustrat-

ing the effects of two tumor suppressors that 

are activated by different stimuli, inhibit dif-

ferent steps of the same canonical signaling 

pathway, and lead to neuroproliferative dis-

orders when mutated. 

 

Comparisons to the previous case brought a 

reprise of the hamartoma vs. neoplasia debate 

during the conference. Conference partici-

pants were particularly curious about the in-

growth of the abnormal tissue from a focal 

area of pigmented leptomeninges at the right 

brainstem. Participants discussed the inva-

sive nature of this lesion and wondered if this 

entity might be best considered a low grade 

neoplasm. With no consensus reached, the 

debate rages on. 
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CASE IV:  

 

Signalment:  

13-year-old, male castrated Ragdoll cat, fe-

line (Felis catus) 

 

History:  

The animal presented with acute (2-3 week) 

onset of progressive non-painful bilateral 

hindlimb paraparesis that showed no im-

provement on corticosteroids. The lesion was 

localized to the L4 segment by neurology 

consult, but advanced imaging was declined 

due to cost. The animal had known chronic 

kidney disease that was otherwise well-man-

aged and stable. The patient was euthanized 

due to poor prognosis. 

 

Laboratory Results: 

FIV/FELV testing was negative. 

PARR on FFPE spinal cord tissue revealed a 

clonally rearranged T cell receptor gene. 

 

Gross Pathology:  

No significant gross lesions are observed in 

the central nervous tissues or lymphoid or-

gans. Other findings include: (1) marked car-

diomegaly (32.68 g) and left ventricular wall 

thickening; (2) gross bilateral enlargement of 

the parathyroid glands; and (3) bilateral irreg-

ular kidney contours. 

 

 
Figure 4-1.  Spinal cord, cat.  Multiple sections 
of spinal cord and spinal nerves are submit-
ted for examination. There is scattered hy-
percellularity of the meninges seen at this 
magnification. (HE, 5X) 

 

Microscopic Description:  

Spinal cord (L1-L5): Neoplastic intermediate 

to large (nuclei = 1.5 to 2 x RBC) round  

cells arranged in sheets expand the lep-

tomeninges, infiltrate into the spinal nerve 

roots, and surround vessels (up to 6 cell lay-

ers thick) within the neuropil. Neoplastic 

cells have distinct cell borders and a small 

amount of amphophilic, granular cytoplasm. 

Nuclei are irregularly round with peripheral-

ized chromatin and 1 variably distinct, baso-

philic nucleolus. There is moderate anisocy-

tosis and anisokaryosis. There are 6 mitotic 

figures in 0.237 mm2 (equivalent to 1 high 

power field). Separating neoplastic cells are a 

moderate number of small lymphocytes, his-

tiocytes, rare plasma cells, and neutrophils. 

Throughout the neuropil there is increased 

cellularity due to neoplastic round cells and 

reactive glial cells. White matter myelin 

sheathes are occasionally dilated and contain 

a swollen axon (spheroid) or foamy macro-

phages (digestion chambers). Within the neu-

ropil are frequent homogenous, basophilic 

staining, round, cytoplasmic inclusions 

(Lafora bodies). Occasionally neurons have 

peripheralized Nissl substance and yel- 

low brown cytoplasmic pigment , interpreted 

as lipofuscin. 
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Contributor’s Morphologic Diagnosis: 

Spinal cord, L1-L5: Lymphoma (neurolym-

phomatosis), T-cell, with mild/moderate 

white and grey matter degeneration with  

multifocal Lafora bodies (incidental). 

Contributor’s Comment:  

The acute neurologic presentation in this case 

was associated with lymphoma of the spinal 

cord, spinal nerve roots, and leptomeninges. 

Infiltrates of neoplastic lymphocytes with a 

mixed inflammatory response extended into 

the leptomeninges of the cerebrum, cerebel-

lum, and brainstem (tissues not provided). 

Because some areas had more mixed inflam-

matory infiltrates, immunohistochemistry for 

FIP antigen was performed to rule out  

Feline Infectious Peritonitis and no immuno-

reactivity was noted. Immunohistochemistry 

for CD3 demonstrates strong immunoreactiv-

ity in the neoplastic cells infiltrating or ex-

panding neural tissue, consistent with a T cell 

lymphoma. Small aggregates of CD20 ex-

pressing cells (B-cells) are attributed to  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

secondary inflammation which does not infil-

trate into neural tissue. Formalin-fixed paraf-

fin embedded (FFPE) tissue was submitted 

for PARR, which identified a clonally rear-

ranged T cell receptor gene, further support-

ing the diagnosis of T cell lymphoma in this 

case. A complete postmortem examination 

was performed with histologic review of se-

lect samples of all major organ systems, and 

no involvement of any other organ systems 

was noted in this case (tissues not provided). 

 

While lymphomas in cats are common and 

nervous system involvement may be part of a 

multicentric process, primary lymphomas of 

the nervous system are considered rare.6  Pri-

mary lymphomas of the nervous system in-

clude both neuroinvasive and intravascular 

lymphomas. Our case is an example of the 

neuroinvasive subtype.  Intravascular lym-

phoma is a rare subtype in which there is 

preferential accumulation of neoplastic lym-

phocytes within small blood vessels in the 

central nervous system (CNS) and  

Figure 4-2. Spinal cord, cat. Neoplastic lymphocytes infiltrate and expand the meninges (center) and 
the adjacent spinal nerve (top). There are numerous dilated sheaths and damaged axons within the 
spinal nerve and underlying spinal cord. (HE, 77X) 
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Figure 4-3. Spinal cord, cat.  Neoplastic lym-
phocytes extend from the infiltrated menin-
ges along Virchow-Robin spaces.  (HE, 306X) 

 

extraneurally in some organs. This usually 

occurs without leukemia or systemic mass le-

sions. Complete vessel occlusion by neo-

plastic cells can lead to infarction in these 

cases.6 

 

When there is diffuse infiltration of malig-

nant lymphoid cells into peripheral nerves, 

the term neurolymphomatosis is used.5,8 This 

is most common in humans due to non-Hodg-

kin's lymphoma and may encompass cases 

with or without CNS involvement. In hu-

mans, it is almost exclusively B cell origin, 

though rare reports of T cell associated lym-

phomas have been reported.4 Though a dis-

tinct mechanism for neurotropism has not 

been identified in either human or veterinary 

literature, CD56 (NCAM, neural cell adhe-

sion molecule) has been implicated.7,9 

 

There have been scattered case reports of 

neurotropic lymphoma or neurolymphomato-

sis of cats in the veterinary literature.3,5,7,10-

14,16,18,19 An older case series and more recent 

studies have also described primary central 

nervous system feline lymphoma with varia-

ble gross and clinical presentations and im-

munophenotypes.1,11,14,15,19 There is roughly 

equal distribution of both T and B cell line-

ages reported in both case reports and case 

series, which contrasts to the majority B cell 

immunophenotype reported in humans.4 The 

most common location for primary CNS lym-

phoma in cats is the spinal cord. Similarly, 

peripheral nervous system (PNS) 

involvement can occur exclusively in the 

PNS or simultaneously with CNS lymphoma.  

 

The clinical (antemortem) diagnosis of pri-

mary nervous system lymphoma may be 

challenging. Advanced imaging combined 

with cerebrospinal fluid (CSF) analysis may 

offer the best chance at antemortem diagno-

sis, but often results can vary and be nonspe-

cific.1 CSF analysis was not performed in this 

case. Gross findings may be minimal, as ne-

oplastic infiltrates may not create grossly vis-

ible enlargement or a discrete mass effect. 

Histologic examination and immunohisto-

chemistry remain the gold standard in both 

human and veterinary medicine.17 Important 

clinical differential diagnoses for hindlimb 

paresis/paralysis include thromboembolic 

disease (such as saddle thrombus or fibrocar-

tilaginous embolism), demyelinating dis-

eases (i.e. peripheral neuropathies), other ne-

oplasms of the spinal cord or spinal canal, in-

fectious meningomyelitis/neuritis (e.g., Fe-

line Infectious Peritonitis, toxoplasmosis, ra-

bies), trauma, degenerative disk disease, neu-

rotoxins (i.e. bromethalin), or metabolic ab-

normalities (such as hypoglycemia or electro-

lyte disturbances). 

 

 

 
Figure 4-4. Spinal cord, cat. Adjacent to the 
neoplasm, white matter contains numerous 
dilated myelin sheaths and swollen axons. 
(HE, 255X)   
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Figure 4-5. Spinal cord, cat. High magnifica-
tion of lymphocytes within the meninges. 
(HE, 731X) 

 

JPC Diagnosis: 

Spinal cord and spinal nerves: Lymphoma. 

 

JPC Comment:   

The contributor provides an excellent review 

of neurolymphomatosis and correctly notes 

that this entity presents a particular diagnos-

tic challenge. 

 

In addition to cats, neurolymphomatosis has 

been reported in a smattering of dogs and 

horses, often with minimal perivascular cuff-

ing of clonal lymphocytes throughout the 

CNS.6 Clinical signs in affected animals are 

variable, typically non-specific, and stem 

from Wallerian degeneration of axons due to 

heavy lymphocytic infiltration of the periph-

eral nerves. The most common presenting 

complaints are single or multi-limb lameness, 

muscle weakness, monoparesis or plegia, and 

cauda equine syndrome, depending on the 

particular nerves affected.2  

 

Antemortem diagnosis in humans is typically 

made on the basis of enlargement or enhance-

ment of nerves and nerve roots on MRI and 

PET/CT images and the examination of pe-

ripheral nerve biopsy speciments.2 Even so, 

in one case study series, 45% of cases were 

diagnosed as neurolymphomatosis only at au-

topsy.17 In veterinary medicine, MRI exam is 

typically cannot provide definitive diagnosis 

due to the lack of historically consistent MRI 

findings among histologically confirmed 

cases of neurolymphomatosis.6  

 
Figure 4-6. Spinal cord, cat. Neoplastic cells 

demonstrate strong cytomembranous stain-

ing for CD3.   (anti-CD3, 100X) 

 

Postmortem gross findings can include bilat-

eral asymmetrical or symmetrical thickening 

of the spinal or cranial nerves, though it is 

more common to find no gross lesions, as il-

lustrated in this case. Definitive diagnosis re-

quires histologic evidence of infiltration of 

nerve fascicles of B- or T-cell lymphocytes in 

rows between peripheral nerve axons and 

within intraneural and epineural spaces.6 

 

Conference participants discussed two histo-

logic features of this case that do not strictly 

fit the case definition of neurolymphomato-

sis: the abundant mixed inflammatory infil-

trate composed of B lymphocytes and plasma 

cells within the leptomeninges and the pres-

ence of abundant neoplastic T lymphocytes 

within the spinal cord parenchyma. 

 

Prior to reviewing IHC results, conference 

participants assumed meningeal lymphocytes 

were an extension of the neoplastic process; 

however, IHC results convincingly indicate 

that the meningeal lymphocytes are B lym-

phocytes admixed with fewer plasma cells 

and few histiocytes, indicating that these ag-

gregates most likely represent chronic in-

flammation. Conference participants felt the 

chronic inflammation could be plausibly ex-

plained by the presence of long-standing ne-

oplastic infiltration of the spinal nerves, 

though this feature has not been consistently 

described in this entity. More confounding 
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was the presence of neoplastic lymphocytes 

within the spinal cord. Neurolymphomatosis 

is, by definition, neoplastic infiltration of the 

peripheral nervous system without infiltra-

tion of other organs. The presence of lympho-

cytes within the spinal cord parenchyma, 

along with the inability to conclusively rule 

out other lymphomatous foci elsewhere in the 

animal, led to a conservative JPC diagnosis 

of lymphoma. 

 

 
Figure 4-7. Spinal cord, cat. Neoplastic cells 

demonstrate strong cytomembranous staining 

for CD3.   (anti-CD3, 400X) 
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WSC 2023-2024 

Conference 2 Self-Assessment 

1. Lipofuscin granules demonstrate autofluorescence in unstained slides. 

a. True 

b. False 

 

 

2. Only homozygous dogs manifest clinical signs of ceroid lipofuscinosis. 

a. True 

b. False 

 

3.  In which of the following is dysplastic cerebellar glangliocytoma more commonly 

identified? 

a. Ox 

b. Humans 

c. Cats 

d. Rodents 

 

4. What is the most common location for meningioangiomatosis in young dogs? 

a. Cerebrum 

b. Cerebellum 

c. Brainstem 

d. Optic nerve 

 

5. True or false.  Neurolymphomatosis in humans are most commonly of B-cell origin.? 

a. True 

b. False 
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CASE I:   

 

Signalment:  

14-year-old, American Paint gelding, horse 

(Equus caballus) 

 

History:  

The horse presented to its primary care veter-

inarian for an approximately 3 cm in diameter 

mass on the right facial crest that had been 

present for about two months. The mass be-

gan increasing in size two weeks prior to 

presentation. An in-house fine needle aspira-

tion (FNA) cytology revealed ‘macrophages 

and bacteria’. On ultrasonography the mass 

was noted to have a soft tissue echogenicity, 

lobulated appearance and several small fluid-

filled pockets throughout.   

 

Gross Pathology:  

The mass was excised and submitted for his-

tologic examination. The mass was tran-

sected prior to submission into two, approxi-

mately 5.0 x 2.0 cm, triangle-shaped sections 

of haired skin. On cut section there were mul-

tiple, variably sized and shaped foci that con-

tained a yellow granular material. 

 

Microscopic Description:  

Haired skin, right facial crest: On histologic 

examination there is a poorly demarcated, 

nonencapsulated, non-compressive mass in 

the hypodermis. The mass extends to the lat-

eral and deep surgical borders. The mass 

comprises islands and sheets of individual- 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Haired skin, horse. Two sections 

of skin with a hypodermal mass with yellow 

foci scattered throughout were submitted to 

the contributor. (Photo courtesy of:  Depart-

ment of Veterinary Pathology and Prairie Di-

agnostic Services, Western College of Veteri-

nary Medicine, University of Saskatchewan) 

ized round cells, supported by a dense colla-

genous stroma. The round cells have distinct 

cell borders and a moderate to high nuclear to 

cytoplasmic ratio. The cytoplasm is scant to 

moderate, grey blue and coarsely granular. 

The intracytoplasmic granules stained posi-

tively with toluidine blue stain (mast cell 

granules). The nucleus was centric, round to 

oval with a finely reticular chromatin pattern 

and a small to inconspicuous nucleolus. Mi-

totic figures are not present in the sections ex-

amined. Comprising approximately 30-40% 

of the area of the neoplasm are multiple, var-

iably-sized (100-700µm ), irregularly shaped,   
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Figure 1-2. Haired skin, horse.  A moderately 

cellular area with scattered foci of eosino-

philic debris effaces the deep dermis and 

subcutis. (HE, 5X) 

bright pink foci of necrosis with a central core 

of disintegrating inflammatory cells (eosino-

phils) and karyorrhectic debris, a peripheral-

ized layer of multinucleated giant cells, 

foamy macrophages and a few layers of fi-

broblasts. Neoplastic mast cells, admixed 

with moderate numbers of eosinophils and a 

few lymphocytes, surround these foci. 

 

Contributor’s Morphologic Diagnosis:  

Cutaneous mast cell tumor. 

 

Contributor’s Comment:  

Mast cell tumors are relatively uncommon in 

horses. They are usually benign tumors, with 

only a few reports where they show aggres-

sive behaviour. Equine cutaneous MCTs are 

reported to commonly affect head, neck, 

trunk and limb.1,2  They are rarely reported to 

affect other areas such as upper respiratory 

tract, oral cavity and eye.2 There is a predi-

lection in males, and no apparent breed pre-

dilection. The majority of these tumors are 

non-pruritic and non-painful.3 They show 

slow, progressive growth or become static, 

even over a course of two years.2 Rarely a le-

sion may show sudden rapid growth.1 Equine 

mast cell tumors are also called mastocytosis 

or mastocytoma due to their clinical features 

and benign behaviour. There is some 

discussion in the literature regarding their 

representation as a true neoplastic pro-

cess.1,2,3  

 

Histologically, they manifest as well demar-

cated masses in the dermis or subcutis, com-

prised of sheets of well-differentiated mast 

cells admixed with a few eosinophils and 

prominent areas of necrosis, fibrosis and dys-

trophic mineralization and rare mitotic fig-

ures.2,3 The mast cell granules are often nu-

merous but difficult to visualize with  routine 

hematoxylin and eosin staining.2 Histochem-

ical  stains to highlight the mast cell granules 

were performed in this case (toluidine blue 

and  Luna stains) and confirm the diagnosis. 

Histological grading schemes do not exist for 

equine cutaneous MCTs. Prognosis is usually 

good and complete surgical excision is cura-

tive. Recurrence after surgical excision is un-

common. Spontaneous regression has been 

reported in cases with incomplete surgical 

excision. 

 

Contributing Institution:  

Department of Veterinary Pathology and 

Prairie Diagnostic Services 

Western College of Veterinary Medicine, 

University of Saskatchewan 

52 Campus Drive 

Saskatoon, Saskatchewan 

S7N 5B4 Canada 

 

JPC Diagnosis: 

Haired skin: Mast cell tumor. 

 

JPC Comment:   

Equine mast cell tumors (MCTs) may present 

a diagnostic challenge when first encountered 

due to a few unique histologic features. As in 

other species, equine MCTs contain round 

cells with pale eosinophilic cytoplasm often 

separated by collagen fibers and accompa-

nied by eosinophils. Unlike in other species, 

equine MCTs may contain large lakes of eo- 

sinophilic debris surrounded by fibrosis.  
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Figure 1-3. Haired skin, horse. The neoplasm 

is composed of sheets of moderately granu-

lated mast cells with numerous scattered 

eosinophils. (HE, 571X) 

Mast cells may be fewer than in MCTs from 

other species and cytoplasmic granules may 

be inapparent until revealed by toluidine blue 

or Giemsa staining. Tumors may also miner-

alize extensively with chronicity, leading to 

radiologically visible calcification.2 

 

The development and proliferation of mast 

cells is regulated by stem cell factor (SCF), 

the ligand for the c-kit gene product KIT, a 

tyrosine kinase receptor also known as 

CD117.4 In many canine MCTs, c-kit muta-

tions cause activation of KIT in the absence 

of SCF, resulting in aberrant stimulation of 

pro-growth signaling pathways. Studies sug-

gest that c-kit mutations may play a substan-

tial role in the neoplastic transformation of 

mast cells in dogs and that differing KIT ex-

pression patterns can be used to assess grade, 

prognosis, and risk of recurrence.4 

 

KIT expression, assessed with IHC staining 

using anti-KIT antibodies, is classified into 

three patterns, denoted by the numerals I-III. 

KIT staining pattern I consists of a membra-

nous staining pattern, the expected localiza-

tion for a transmembrane receptor tyrosine 

kinase; pattern II consists of focal to stippled 

cytoplasmic staining; and pattern III is char-

acterized by diffuse cytoplasmic staining.5 In 

well-differentiated canine MCTs, KIT ex-

pression is generally in a type I pattern, while 

high grade tumors have predominantly type 

II and III labelling; thus,  translocation of KIT 

from the plasma membrane to the cytoplasm 

is associated with tumor recurrence and 

shorter overall survival times.5 

 

In contrast to canine MCTs, in which grading 

and prognostic indices are well established, 

only two studies have assessed how morpho-

logic features, proliferative activity, or KIT 

expression patterns can be used to predict bi-

ologic behavior in equine MCTs.1,4 These 

two studies reached contradictory conclu-

sions. The first found that KIT staining pat-

terns and histologic features were not associ-

ated with poor clinical outcome or abnormal 

tumor behavior.1 By contrast, the most recent 

study found that most equine MCTs were 

composed of mast cells with mild anisokary-

osis, a low proliferative rate, and a domi-

nance of KIT pattern I staining, representing 

well-differentiated MCTs and benign behav-

ior.4 Approximately one-third of cases in this 

study were comprised of mast cells exhibit-

ing more infiltrative growth, moderate to 

marked anisokaryosis, a higher degree of pro-

liferation, and KIT staining patterns II and 

III, representing poorly-differentiated MCTs 

associated with more potentially aggressive 

behavior.4 These results indicate that it may 

be possible, as in canine MCTs, to make hay 

out of differential KIT staining to identify the 

small subset of potentially more aggressive 

equine MCTs. More research is needed to de-

fine the associations among biological behav-

ior, morphology, proliferative indices, and 

KIT expression patterns in equine MCTs.4 

 

This week’s moderator, JPC’s very own Dr. 

Bruce Williams, discussed this entity as one 

in which diagnosis is typically made on H&E 

evaluation alone. Toluidine blue and Giemsa 

stains can be used to visualize initially inap-

parent mast cell granules, and equine MCTs  

do show expected positive immunoreactivity 

to CD25, CD117, and tryptase, but the unique 

histologic appearance of equine MCTs 
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usually obviates the need to pony up the time 

and money for histochemical and immuno-

histochemical stains.  

 

The primary differential diagnosis for equine 

MCTs is equine collagenolytic granulomas, 

which contain, as the name implies, large 

numbers of eosinophils; however, colla-

genolytic granulomas often contain flame 

figures and do not contain the lakes of eosin-

ophilic debris and sheets of mast cells char-

acteristic of equine MCTs. 

 

 
Figure 1-4. Haired skin, horse. Lakes of eo-

sinophilic cellular debris are surrounded by 

epithelioid macrophages and rare multinu-

cleated cells.  (HE, 530X) 
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CASE II:  

 

Signalment:  

6-year-old, male neutered domestic short 

hair, cat (Felis catus) 

 

History:  

Presented to referring vets for acute onset 

swelling and lameness of right forelimb with 

subsequent development of generalised sub-

cutaneous oedema on the right side of the 

body including the right hindlimb. The cat  

 

Figure 2-1.  Presentation, cat.  The cat has 

generalized subcutaneous edema of the 

right side of the body. (Photo courtesy of: 

Department of Veterinary Medicine, The 

Queen's Veterinary School Hospital, Univer-

sity of Cambridge, Cambridge CB3 0ES, UK, 

https://www.vet.cam.ac.uk)  
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Figure 2-2.  Right forelimb and neck, cat.  In-

cision of the skin demonstrates the extent of 

the subcutaneous edema. (Photo courtesy 

of: Department of Veterinary Medicine, The 

Queen's Veterinary School Hospital, Univer-

sity of Cambridge, Cambridge CB3 0ES, UK)  

has outdoor access and no travel history 

(from the UK). The case was referred for 

medical investigation following further dete-

rioration. Initial haematology and biochem-

istry revealed marked leukocytosis, neu-

trophila and basophilia, and a marked hypo-

albuminaemia. Platelet count was normal 

but with a prolonged PT and aPTT and ele-

vated D-dimers. Full body CT scan demon-

strated marked multifocal subcutaneous and 

intramuscular oedema. Hepatic, splenic and 

peripheral lymph node cytology demon-

strated neutrophilic inflammation and reac-

tive lymphoid tissue. Culture of oedema 

fluid revealed a moderate growth of alpha-

haemolytic colonies resistant to amoxicil-

lin/clavulanate, cephalexin, penicillin G, 

TMPS and erythromycin, and sensitive to 

doxycycline, gentamicin and oxytetracy-

cline. Further clinical destabilisation and an 

uncertain prognosis prompted elective eu-

thanasia.  

 

Gross Pathology:  

Extensive subcutaneous oedema, multifocal 

small dermal papules, erosions and ulcers, ar-

eas of fascial haemorrhage overlying an-

tebrachial muscles, thoracic effusion and 

right prescapular lymphadenomegaly. 

 

Laboratory Results: 

Feline poxvirus qPCR: detected, 19.08 Ct 

units. (the higher the Ct, the lower amount of 

DNA present in the sample; Ct values typi-

cally range from 15 to 40; 40 indicates much 

lower DNA levels than 15). 

 

Microscopic Description:  

Haired skin and subcutaneous adipose tissue: 

Affecting 100% of the tissue, the epidermis 

has lost normal structure. Multifocally there 

is extensive epidermal necrosis, characterised 

by keratinocytes with karyorrhectic and kar-

yolytic nuclei, loss of cellular detail, and re-

placement by eosinophilic debris (necrotic 

debris and fibrin), nuclear debris and haem-

orrhage. In areas with viable keratinocytes, 

keratinocytes demonstrate hypereosinophilia 

and ballooning (ballooning degeneration), 

with cytoplasm often expanded by eosino-

philic inclusion bodies (type A inclusion bod-

ies). Keratinocytes are also disassociated, 

with keratinocyte necrosis and loss resulting  

 

 
Figure 2-3. Haired skin, cat:  One section of 

infarcted skin and subcutis are submitted for 

examination. There is diffuse severe edema 

visible at this low magnification.  (HE, 6X)  
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in reticular degeneration. There are frequent 

viral syncytia, and these often have nuclei pe-

ripheralized by intracytoplasmic eosinophilic 

inclusion bodies. The epidermis and dermis 

are expanded by haemorrhage, fibrin and 

wispy eosinophilic material (oedema). 

 

The same epidermal changes, including the 

necrosis, extend into hair follicles, affecting 

all levels of the follicular epithelium. At the 

lower levels of the hair follicles, where there 

are more viable cells, follicular epithelial 

cells demonstrate cytoplasmic ballooning 

that is often accompanied by eosinophilic in-

tracytoplasmic inclusion bodies, and viral 

syncytial cells. Small sebaceous glands are 

almost completely effaced by necrosis of the 

sebocytes. Diffusely throughout the dermis 

and epidermis, there are low to moderate 

numbers of neutrophils and lymphocytes, 

with fewer eosinophils and macrophages, 

and scattered leukocytoclastic debris. 

Throughout the dermis, multifocally veins  

 

 

 

 

 

 

 

 

 

 

 

and to a lesser extent arteries have mural-as-

sociated neutrophils, and/or walls replaced 

by smudgy eosinophilic debris (fibrinoid ne-

crosis), with intramural and perivascular leu-

kocytoclastic debris. Perivascular spindle-

cells and occasionally endothelial cells con-

tain eosinophilic cytoplasmic inclusion bod-

ies. Within the subcutis there are similar 

vascular changes to those described in the 

dermis, although frequently larger vessels 

are affected, resulting in marked expansion 

of the subcutaneous adipose tissue by haem-

orrhage, fibrin, and wispy eosinophilic ma-

terial (oedema). 

Contributor’s Morphologic Diagnosis:  

Haired skin and subcutis, ventrum: Dermati-

tis, folliculitis and cellulitis, necrotising, se-

vere, diffuse, with leukocytoclastic vascu-

litis, keratinocyte intracytoplasmic eosino-

philic inclusion bodies, keratinocyte viral 

syncytia, and epithelial ballooning degenera-

tion. 

Figure 2-4.  Haired skin, cat.  There is diffuse necrosis of the epidermis. There are numerous viral 

syncytia in the epidermis.   (HE, 302X) 
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Figure 2-5.  Haired skin, cat.  Epithelial cells 

contain large eosinophilic viral inclusions.  

(HE, 887X) 

Contributor’s Comment:  

This case demonstrates a systemic form of 

pox virus infection in cats, resulting in a 

clinical presentation of progressive marked 

cellulitis and necrotising dermatitis. This 

case lacked an observed primary cutaneous 

lesion or respiratory clinical changes, and 

prior to post-mortem examination, whilst a 

vasculitis was suspected, pox-viral related 

vasculitis was not a considered differential. 

On microscopic examination of the dermal 

and subcutaneous lesions, the frequent intra-

cytoplasmic inclusion bodies were noted 

prompting qPCR for feline pox virus on 

stored frozen tissues. Feline poxvirus qPCR 

reveals moderately high levels of feline pox 

virus within the tissues, therefore pox viral 

infection is considered the cause of the ne-

crotising process that has resulted in the 

clinical and histological features described 

in this case. Immunohistochemistry for pox 

virus demonstrated specific immunoreactiv-

ity within epithelial cells in affected areas. 

This cat had an extended post-mortem inter-

val in cool storage, which is likely to have 

contributed to the poor preservation of some 

inflammatory cells. 

Cow pox/cat pox virus is a large, enveloped, 

double-stranded DNA, cytocidal virus that is 

part of the Orthopoxviridae genus, within 

the Poxviridae family. The orthopox genus 

also includes ectromelia virus, monkeypox 

virus, smallpox virus (variola), vaccinia vi-

rus, and rabbitpox virus. Cowpox is endemic 

in Europe and Northern and Central Asia 

with a wide host range that includes peo-

ple.7,17,32 Cowpox infection in most species 

results in localised dermal lesions or sys-

temic disease that may be fatal. Wild ro-

dents, especially bank voles (Clethrionmys 

glareolus), serve as the viral reservoir and 

infection of rodents, and subsequently sec-

ondary species such as humans and cats, 

varies seasonally with a peak in autumn and 

subsequently secondary transmission to 

cats.1,4   

Cow pox is the most common poxviral in-

fection of cats, with the common presenta-

tion involving the skin, often initially with a 

single primary lesion, which is assumed to 

be secondary to intradermal inoculation via 

a rodent bite.26 Systemic infections can oc-

cur following the viraemic phase, and in-

clude pyrexia and lethargy, and occasionally 

pneumonia.20,26 Feline cowpox infection is 

occasionally concurrent with other feline vi-

ruses, including viruses expected to cause 

immune dysfunction. At this stage the rela-

tionship between the clinical progression 

and severity of feline cowpox infection in 

cats co-infected with other viruses is not 

clear.8  FIV has been suggested to exacer-

bate feline cowpox infection, with larger and 

more persistent primary lesions, however up 

to 30% of cats infected with cowpox are also 

seropositive to FIV with no change in dis-

ease course.1 Feline herpesvirus and feline 
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cowpox co-infection resulted in a necrotis-

ing pneumonia involving both viruses and a 

pox-viral dermatitis, however the cat suc-

cessfully recovered with supportive treat-

ment and antimicrobials.14 A case of a cat 

with cowpox and feline parvovirus infection 

resulting in a dermatitis, panniculitis and en-

teritis was not associated with more severe 

poxvirus-associated disease.24  

The FIV/FeLV status of the cat in this case 

was not defined. Special stains did not high-

light bacteria within the subcutis, however a 

secondary bacterial infection, as indicated 

by the positive culture of the oedema fluid, 

is considered likely. Rare areas of ulcerated 

skin were associated with mats of superficial 

fungal hyphae, and deeper invasion was not 

observed. For both secondary infections, a 

systemic role for either the agents or elabo-

rated toxins is considered a possible co-fac-

tor in the severe presentation in this case. 

A systemic form of feline cowpox, primarily 

presenting with severe dermal oedema is un-

usual. This presentation has been previously 

reported in a 4 year old male neutered do-

mestic short haired cat that exhibited known 

hunting behaviours, and ultimately resulted 

in pox-viral associated neurological lesions 

and euthanasia of the cat.2 More localised 

dermal oedema was described in a series of 

five cats that presented with dermal plaques, 

oedema and hyperaemia affecting the 

hindlimbs,16 and two cases of localised fore-

limb oedema in a four-cat feline cowpox 

case series from the UK.9 Of the five-cat 

case series, all cats were geographically and 

temporarily grouped and in four of the cases, 

the cowpox viruses had an identical 

haemagglutinin gene sequence suggesting a 

common source of infection.16  

Pathogenesis. Epidermal lesions are the re-

sult of viral replication in keratinocytes re-

sulting in cellular dysfunction and eventual 

lysis either due to host-cell related mecha-

nisms or to the actions of immune cells such 

as NK cells.3,30 Viral proteins  involved in 

viral entry to cells also induce host cell fu-

sion, resulting in syncytia formation.28 Cow-

pox, similar to other pox viruses, contains an 

epidermal growth factor homologue that is 

able to influence cellular differentiation and 

proliferation of keratinocytes.27 The virus 

can infect and damage endothelial cells and 

in some experimental models produces a 

consumptive coagulopathy, resulting in 

more widespread dermal or submucosal ne-

crotising lesions as a consequence of vascu-

lar damage, thrombosis and tissue infarc-

tion.5,15,23 Cowpox virus has a range of im-

munomodulatory proteins that include IFN-

gamma receptor and TNF-alpha receptor 

homologues, IL-1beta binding proteins, and 

anti-inflammatory Serpins.27  

 

Figure 2-6.  Haired skin, cat.  Viral inclusions, 

syncytia, and epithelial changes extend into 

the follicles. (HE, 757X) 
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Typical and atypical clinical findings. Cats 

often present with a single primary skin le-

sion on the head, neck, forelimb or paws.1 

Secondary bacterial infection of the lesion 

may induce confounding clinical signs. A 

viremia with pyrexia, lethargy and inappe-

tence may follow 1-3 weeks following the 

initial infection.26 Widespread skin lesions 

may follow the viremia with papules and 

nodules that ulcerate and crust, but skin 

healing is ultimately expected.1 The muco-

cutaneous junction and oral cavity may be 

affected, forming ulcerative foci.9 Pneumo-

nias in the absence of skin lesions has also 

been reported rarely with both cases result-

ing in a fatal pneumonia that was caused by 

a genetically similar but not identical viral 

strain.11,25 Exotic felids, especially cheetahs, 

can be infected with cowpox virus.18 The 

clinical signs range from dermal and oral le-

sions to a necrotising pneumonia, of which 

two out of nine cases (22%) of cheetah in-

fections were fatal.31 

Typical gross findings. The typical macro-

scopic epidermal changes include erythema-

tous macules developing into papules and 

then pustules that rupture and crust.1 In this 

case, and in other reported atypical feline 

cowpox presentations, there was marked 

dermal and subcuticular oedema due to, in 

this case at least, widespread pox-viral asso-

ciated vasculitis/vascular dysfunction. 

Marked subcutaneous oedema is a clinical 

feature more associated with Mousepox (ec-

tromelia) virus infection.22  

Typical microscopic findings. The typical 

microscopic findings in cases of feline cow-

pox are well defined. Epidermal lesions start 

with keratinocyte cytoplasmic swelling and 

vacuolation (intracellular oedema and bal-

looning degeneration), and progress through 

cell rupture to multiloculated vesicles (retic-

ular degeneration) and epidermal necrosis. 

1,12 Epidermal hyperplasia is often present 

and may be marked. Accompanying dermal 

changes include oedema, mononuclear cell 

infiltrate and a variable neutrophilic infil-

trate. With time, the neutrophilic infiltrate 

extends into the epidermis creating pustules. 

Cox pox, like other pox viruses, creates in-

tracytoplasmic inclusion bodies that vary in 

number and size. Large brightly eosinophilic 

inclusions are identified as A-type inclu-

sions, and are predominantly composed of 

viral protein in which mature virions are em-

bedded.6 A-type inclusions are thought to 

protect infectious particles after release into 

the environment, and increase in size 

throughout the infection by coalescence of 

multiple smaller bodies.13 B-Type pox inclu-

sions are smaller, more basophilic, and are 

the sites of viral replication (viral factories). 

Ultrastructure. On electron microscopy 

Poxviral particles are enveloped and are 

brick shaped. Single virions have multiple 

protruding surface spicules.11 

Additional diagnostic tests. Confirmation of 

the diagnosis can be made using electron 

microscopy, immunofluorescence, virus iso-

lation, and PCR on tissues, which also in-

cludes skin scabs and pulmonary or thoracic 

aspirates.21,26 

Treatment. Treatment focuses on control-

ling/preventing secondary bacterial infec-

tions and immunomodulation with recombi-

nant feline interferon omega.2,20 
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Contributing Institution:  

Department of Veterinary Medicine 

The Queen's Veterinary School Hospital 

University of Cambridge.  

Cambridge CB3 0ES, UK. 

https://www.vet.cam.ac.uk  

 

JPC Diagnosis:  

Haired skin and subcutis: Vasculitis, ne-

crotizing, diffuse, severe, with cutaneous in-

farction, epithelial ballooning degeneration, 

numerous epithelial viral syncytia and intra-

cytoplasmic inclusions.  

 

JPC Comment:  

The contributor provides an excellent, thor-

ough overview of cowpox infection in cats. 

While the cat is the most commonly  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

recognized incidental host, cowpox also in-

fects dogs, rats, mice, humans, horses, and 

various exotic mammals.10 Perhaps surpris-

ing given its name, cowpox infection is rare 

in cattle. 

 

The Poxviridae is a large family of enveloped 

DNA viruses that are highly epitheliotropic 

and cause cutaneous and systemic disease.19 

Poxviruses encode their own replication ma-

chinery, including an RNA polymerase, 

which enables their characteristic cytoplas-

mic replication. Animal poxviruses exist 

within the subfamily Chordopoxvirinae, 

which is further subdivided into 22 different 

genera (see Table 2-1 for a sampling of gen-

era and representative members).  

 

Table 2-1. Selected Poxviridae genera and representative members. 
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Figure 2-7.  Haired skin, cat.  Within the der-

mis and subcutis, widespread vasculitis gives 

rise to marked hemorrhage and edema 

within these areas. (HE, 360X) 

 

The orthopoxviruses, including cowpox, are 

notable for their wide host spectrum and are 

among the most important and well-charac-

terized poxviruses due to their impact on hu-

man and animal health. Their most notable 

and feared member, the Variola virus, is the 

causative agent of smallpox.29 

 

Poxviruses damage cells in multiple ways. 

Degenerative changes are caused by direct 

cytotoxic damage due to poxviral replication 

and subsequent rupturing of the host cell 

membrane, leading to typical vesicular le-

sions.19 As in this case, the dermis and sub-

mucosa may be subject to ischemia due to 

vascular damage caused by viral replication 

within endothelial cells.19 Poxviruses also in-

duce proliferative lesions due, in some pox-

viruses, to a viral gene that encodes a mito-

genic protein with significant similarity to 

epidermal growth factor. 

 

Pox lesions tend to develop in a particular se-

quence, with erythematous macules becom-

ing papular, and then vesicular.19 The vesi-

cles become “pocks,” pustules with a de-

pressed center and raised border which then 

rupture, forming crusts.19 Histologically, 

poxvirus lesions are characterized by marked 

epithelial hyperplasia with serocellular crusts 

and intracytoplasmic inclusion bodies. Both 

the gross and histologic lesions are 

characteristic, facilitating easy diagnosis in 

most cases. 

 

In conference, participants discussed the re-

markable coagulative necrosis present in the 

epithelium and dermis in this case. The mod-

erator emphasized that this indicator of in-

farction, when present, should precipitate a 

close evaluation of deep vessels. While we 

noted the contributor’s description of cyto-

plasmic inclusion bodies within affected en-

dothelium, no convincing endothelial cyto-

plasmic inclusions were found in the sections 

we received in this submission. The unre-

warding hunt for endothelial inclusions did 

not dampen the participants’ enthusiasm for 

the robust, multifocal vasculitis, believed by 

the moderator to be the main driver of the 

striking pathology in this case; thus, the JPC 

morphologic diagnosis leads with vasculitis 

to reflect the centrality of this histologic find-

ing. 
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CASE III: 

Signalment:  

6-month-old, intact male Göttingen minipig 

(Sus scrofa) 

 

History: 

A 6-month-old, intact male, single-housed, 

12 kg, Göttingen minipig presented with bi-

lateral ear erythema at the apical margins 4 

hours post repetitive auricular venipuncture. 

The pig had open cage bar communication  

 
Figure 3-1.  Presentation, Göttingen minipig.  

There are petechiae and ecchymoses on the 

face, nose, and skin of the head and neck.  

There is bilateral infarction of the ear tips. 

(Photo courtesy of:  Comparative Pathology 

Department, Research Support Division, 

USAMRICD, Aberdeen Proving Ground, MD,  

https://usamricd.amedd.army.mil/)  

with conspecifics. The pig had a jugular ve-

nous access port (VAP) and telemetry im-

planted 2 months prior to presentation. The 

pig was enrolled in a pharmacokinetics study 

1 month prior and received 2 intramuscular 

doses of scopolamine. On exam, the pig was 

bright, alert, and responsive (BAR) with 10 

needle punctures per ear and extensive bruis-

ing. At the 24 hour recheck, the pig was BAR 

but the erythema expanded the entire pinnae 

with ulceration, crusting, epidermal thicken-

ing, and apical margin necrosis. Aerobic cul-

ture revealed Staphylococcus aureus and 

povidone-iodine scrub with silver sulfadia-

zine therapy was initiated. Primary differen-

tials included research/conspecific-induced 

trauma, bacterial, and/or viral systemic dis-

ease. At the 48 hour recheck, the pig pre-

sented with depression, inappetance, dysp-

nea, cold extremities, petechiation on snout, 

lips, rectum, and prepuce, and red-purple dis-

coloration on all limbs distal to hock/elbow. 

Blood was taken for clinical pathology and 

was still watery 20 minutes later. The pig was 

euthanized due to poor study candidacy and 

disease severity.   
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Figure 3-2. Ear pinna, Göttingen minipig.  

Higher magnification of the infarcted ear tip. 

(Photo courtesy of:  Comparative Pathology 

Department, Research Support Division, 

USAMRICD, Aberdeen Proving Ground, MD) 

 

Gross Pathology:  

This 12 kg, male, Göttingen minipig is in lean 

body condition with adequate subcutaneous 

and visceral fat, 2.5/5 body condition score, 

and well-hydrated. There are multifocally ex-

tensive petechiae, purpura, and ecchymoses 

on the nose, ears, lips, lower limbs, ventrum, 

prepuce, anus, and tail. Bilaterally, the ear 

tips are dark & necrotic. The right pinna has 

a hole in the middle from an ear tag. There is 

a subcutaneous VAP port on the right lateral 

neck and a subcutaneous telemetry device on 

the right side of the ventral neck. Both have 

no significant gross lesions. The gums and 

conjunctiva are pale and there are multifocal 

petechiae on the palate. There is abundant 

hemorrhagic foam in the trachea. The lungs 

are noncollapsed and extensively dark with 

multifocal petechiae and purpura. There are 

multifocal petechiae on the heart ventricles 

and there is a small amount of serosangui-

nous fluid in the pericardial sac. The liver, 

spleen, and kidneys are dark and enlarged 

(post-euthanasia congestion). The liver, kid-

neys, and intestinal serosa have multifocally 

extensive petechiae. The gallbladder contains 

a small amount of hemorrhagic bile. The 

stomach contains a moderate amount of nor-

mal ingesta and gas and there are multifocal 

petechiae and erosions/ulcers on the fundic 

mucosa. The small intestine contains a mod-

erate amount of bile-stained digesta and gas. 

The cecum contains a moderate amount of 

dark hemorrhagic contents. The colon con- 

tains a small amount of normal feces. The uri-

nary bladder is empty. No significant gross 

lesions were observed in any other organs. 

 

Laboratory Results: 

Clinical pathology revealed a regenerative 

anemia, low hemoglobin, marked thrombo-

cytopenia, and elevated ALT, AST, GGT, 

and albumin. A differential count supported 

thrombocytopenia with schistocytosis, nucle-

ated RBCs, acanthocytes, and target cells. 

 

Microscopic Description:  

Ear pinna: There is focally extensive full-

thickness coagulative necrosis affecting the 

distal end. Multifocally there are vascular 

thrombi present and various arteriosclerotic 

changes to the arterioles and small muscular 

arteries (endothelial cell hypertrophy, myo-

intimal proliferation, smooth muscle cell vac-

uolation, medial thickening, concentric lami-

nar wall thickening (“onion-skinning”), lu-

minal stenosis, and/or periarteritis).  Inflam-

mation is scattered and primarily composed  

 

 
Figure 3-3. Hindlimb, Göttingen minipig.  

There are petechiae and ecchymoses on the 

skin of the hindlimbs.  (Photo courtesy of:  

Comparative Pathology Department, Re-

search Support Division, USAMRICD, Aber-

deen Proving Ground, MD 
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of macrophages, lymphocytes, eosinophils, 

and neutrophils.  There is also multifocal ar-

eas of periarticular hemorrhage and occa-

sional hemosiderin-laden macrophages. 

 

Changes in other organs (not submitted): 

Heart: Multifocal severe myocardial fiber de-

generation, necrosis, and loss with hemor-

rhage, vascular thrombi, and various arterio-

sclerotic changes to the arterioles and small 

muscular arteries. 

 

Kidney, bilateral: Diffuse severe membran-

oproliferative glomerulonephritis with tubu-

lar degeneration, necrosis, and proteinosis, 

hemorrhage, vascular thrombi, and various 

arteriosclerotic changes to the arterioles and 

small muscular arteries. 

 

Lung:  Severe multifocally extensive intraair-

way and interstitial hemorrhage, fibrin, and 

edema with vascular thrombi and various 

arteriosclerotic changes to the arterioles and 

small muscular arteries.   

 

Liver: Moderate to severe multifocal centri-

lobular to midzonal hepatocellular degenera-

tion and necrosis with hemorrhage and vas-

cular thrombi. 

 

Stomach, fundus: Severe focally extensive 

mucosal necrosis with submucosal inflam-

mation, edema, hemorrhage, vascular 

thrombi, and various arteriosclerotic changes 

to the arterioles and small muscular arteries. 

 

Pancreas:  Multifocal moderate acinar degen-

eration and necrosis with hemorrhage, vascu-

lar thrombi, and various arteriosclerotic 

changes to the arterioles and small muscular 

arteries. 

 

Diaphragm: Multifocal moderate myofiber 

degeneration and necrosis with hemorrhage, 

vascular thrombi, and various arteriosclerotic 

changes to the arterioles and small muscular 

arteries. 

 

Spleen: Diffuse moderate extramedullary 

hematopoiesis (EMH) with vascular thrombi 

and various arteriosclerotic changes to the ar-

terioles and small muscular arteries. 

Bone marrow: Diffuse moderate megakaryo-

cytic hyperplasia. 

 

 
Figure 3-5.  Ear pinnae, Göttingen minipig.  
Four sections of ear tip are submitted for ex-
amination. (HE 6X) 

 

 
Figure 3-4. Lungs, Göttingen minipig. There 

are hemorrhages throughout the lungs. 

(Photo courtesy of:  Comparative Pathology 

Department, Research Support Division, 

USAMRICD, Aberdeen Proving Ground, MD) 
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Figure 3-6.  Ear pinna, Göttingen minipig.  
There is diffuse coagulative necrosis (infarc-
tion) with lack of stain affinitiy of the ear tip. 
(HE, 123X) 

 

Adrenal gland, bilateral: Multifocal moderate 

hemorrhage. 

 

Gallbladder: Multifocal moderate submuco-

sal hemorrhage and edema. 

 

Ileum: Diffuse moderate GALT lymphocy-

tolysis with vascular thrombi and various ar-

teriosclerotic changes to the arterioles and 

small muscular arteries. 

 

Duodenum: Multifocal vascular thrombi and 

various arteriosclerotic changes to the arteri-

oles and small muscular arteries. 

 

Lymph node, various: Multifocal moderate 

draining hemorrhage and lymphocytolysis 

with histiocytosis, erythrophagocytosis, he-

mosiderin-laden macrophages, vascular 

thrombi, and various arteriosclerotic changes 

to the arterioles and small muscular arteries. 

 

Contributor’s Morphologic Diagnosis:  

Ear pinna: Necrosis, full-thickness, focally 

extensive, severe, with vascular thrombi and 

various arteriosclerotic changes to the arteri-

oles and small muscular arteries. 

 

Contributor’s Comment:  

Severe thrombocytopenia and anemia are 

consistent clinical findings with thrombocy-

topenia purpura syndrome of Göttingen min-

ipigs, along with extensive hemorrhages in 

subcutaneous tissues and various other 

organs.1,6 This syndrome is a spontaneous de-

generative vasculopathy that rarely occurs in 

European and North American herds of Göt-

tingen minipigs.1,6  It primarily affects sex-

ually mature males and females but has been 

seen in animals as young as 7 weeks of age.6  

Histologically, there are distinctive features 

of arteriosclerosis in various tissues, primar-

ily in small- to medium-sized arteries and ar-

terioles. These features include endothelial 

cell hypertrophy, myointimal proliferation, 

smooth muscle cell vacuolation, medial 

thickening typically by myxoid deposits, 

concentric laminar wall thickening (“onion- 

skinning”), luminal stenosis, and/or periarte-

ritis.6-8 Unlike spontaneous atherosclerosis of 

aged swine, lipid accumulation is not a fea-

ture.6 Membranoproliferative glomerulone-

phritis and myocardial infarcts also feature 

prominently in this disease.6,7 The pathogen-

esis is unknown at this time but it is proposed 

to be due to a type III hypersensitivity caus-

ing the widespread degenerative vasculopa-

thy.1,6,7   

 

Other rule-outs for cutaneous hemorrhages in 

pigs, although less likely in research bred an-

imals, include: (1) neonatal thrombocytope-

nic purpura – hypersensitivity due to incom-

patible colostral antibodies; (2) vitamin K de-

ficiency/anticoagulant rodenticide poisoning;  

 

 
Figure 3-7. Ear pinna, Göttingen minipig.  
Dermal arterioles demonstrate mural thick-
ening as a result of intimal hyperplasia and 
adventitial fibrosis and often contain non-
occlusive fibrin thrombi.  (HE, 387X) 

 



65 
 

and (3) viral infections, such as porcine 

circovirus, classical swine fever, and African 

swine fever. 

 

Contributing Institution:  

Comparative Pathology Department, Re-

search Support Division 

USAMRICD 

8350 Ricketts Point Rd. 

Aberdeen Proving Ground, MD 21010-5400 

https://usamricd.amedd.army.mil/ 

 

JPC Diagnosis: 

Haired skin, ear tip: Arteriolosclerosis, mul-

tifocal, moderate, with thrombosis, occa-

sional arteritis and periarteritis, and focally 

extensive cutaneous infarction. 

 

JPC Comment:   

The syndrome nicely described by the con-

tributor and illustrated by this case is a rare 

syndrome with an uncertain pathogenesis that 

is specific to Göttingen minipigs. As the con-

tributor notes, one of the major differential 

diagnoses for this condition in swine is neo-

natal thrombocytopenia purpura, an immune-

mediated condition in suckling pigs that has 

been described in veterinary literature for 50 

years.5 The case presentation is similar to the 

syndrome in Göttingen minipigs, but with a 

much younger age of onset and a different 

pathogenesis. 

 

 
Figure 3-8.  Ear pinna, Göttingen minipig.  
Occasionally, arteriolar walls contain exuded 
protein, necrotic smooth muscle, mural and 
adventitial necrotic neutrophils, and cellular 
debris.  (HE, 508X) 

In neonatal thrombocytopenic purpura, suck-

ling pigs typically become symptomatic 

around 3 days of age, recover, and then expe-

rience a re-emergence of symptoms around 

day 14 which quickly leads to death.5 Piglets 

are pale and inactive and post-mortem exam 

reveals severe hemorrhage and edema in the 

lungs, heart, kidneys, subcutis, joints, gastro-

intestinal and respiratory tracts, and skeletal 

muscle. Histologic findings include hemor-

rhages in various tissues and depletion of 

megakaryocytes in the bone marrow and 

spleen.5  

 

Thrombocytopenia develops due to isoim-

mune antibodies developed by the sow dur-

ing gestation against boar thrombocyte anti-

gens present in the piglets’ blood. Piglets in-

gest these isoantibodies with colostrum 

which render existing platelets useless and 

have a cytotoxic effect on bone marrow 

megakaryocytes.5 Matings between Landrace 

and Large White pigs increase the risk that 

the resulting piglets will develop neonatal 

thrombocytopenia purpura. 

 

Due to the need for prior sensitization, neo-

natal thrombocytopenia purpura occurs only 

on subsequent matings of a sow to the same 

boar. Because of this, the disease fell out of 

fashion with the advent of modern artificial 

insemination and the concomitant reduction 

in multiple identical matings.5 However, in a 

case of good intentions gone awry, the dis-

ease is being seen more frequently now that 

animal welfare preferences have catalyzed 

changes in livestock rearing practices. Of 

particular salience here is the use of natural 

mating as part of a larger push to allow ani-

mals to exhibit natural behaviors in all as-

pects of their lives.2 A recent outbreak oc-

curred on a Swiss organic farm that practiced 

natural mating of pigs using one of only three 

boars kept on the property, increasing the 

chances of repeat matings.5 Thirteen piglets 

from two separate litters died of neonatal 
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thrombocytopenia purpura before manage-

ment practices, including exchanging boars 

periodically, documenting and managing 

matings, and switching all boars to the Duroc 

breed, were implemented. 

 

The syndrome is similar to neonatal 

isoerythrolysis in foals in which anemia and 

subsequent organ failure result when foals in-

herit a blood type from the stallion against 

which the mare has previously developed an-

tibodies. Similar to the syndrome described 

above, foals ingest the isoantibodies with co-

lostrum which end up in the bloodstream and 

attach to the foal’s erythrocytes, causing their 

immune destruction. 

 

Conference discussion centered on the path-

ogenesis of thrombocytopenia purpura of the 

Göttingen minipig. As the contributor notes, 

the current literature suggests that the degen-

erative vasculopathy characteristic of this 

disease is caused by a type III hypersensitiv-

ity reaction; however, causality has not been 

established and the moderator remains skep-

tical that the condition is solely immune-me-

diated. This case also provided a second op-

portunity to discuss the importance of a con-

scientious examination of vasculature, which 

here was multifocally thrombosed due pre-

sumably to intimal damage and the resulting 

exposure of collagen and tissue factor. The 

widespread thrombosis described by the con-

tributor in various tissues likely resulted in a 

consumptive coagulopathy that explains the 

systemic, widespread hemorrhage seen in 

this animal. Due again to the centrality of the 

vasculature to the histologic presentation, the 

JPC morphologic diagnosis once again leads 

with the vascular changes. 
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CASE IV:  

 

Signalment:  

11-year-old, spayed female bassett hound, 

dog (canis familiaris) 

 

History:  

The patient was observed over a period of 

several months to develop a fluctuant soft tis-

sue swelling associated with the upper eyelid, 

which was indicated to be subconjunctival/  
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Figure 4-1.  Periocular  tissue, dog.  A friable 
3.5 x 1.8 x 1.0 cm mass of interconnected 
lobules of tan tissue was submitted to the 
contributor. (Photo courtesy of:  University 
of Wisconsin, School of Veterinary Medicine, 
Madison WI.  https://www.vetmed.wisc.-
edu/departments/pathobiological-sci-
ences/) 

subcutaneous with extension posteriorly to-

wards the orbit. Interpretation of a fine needle 

aspirate was consistent with a neoplasm of 

epithelial origin. The entire submitted tissue 

was expressible through a small conjunctival 

incision over the mass at surgery, and the 

submitting veterinarian described a tissue 

with the gross appearance of fat. 

 

Gross Pathology:  

The submitted specimen consisted of multi-

ple well demarcated and interconnected lob-

ules of tan tissue and measured 3.5 x 1.8 x 1.0 

cm. The consistency of the tissue was friable, 

with lobules falling away from the main mass 

during manipulation. 

 

Laboratory Results: 

Fine needle aspirate suggested an epithelial 

neoplasm. 

 

Microscopic Description:  

The tissue is mainly composed of an unen-

capsulated, poorly-delineated, densely cellu-

lar and multilobular neoplastic mass 

infiltrating and expanding the adjacent con-

nective tissue. The mass is composed of cu-

boidal epithelial neoplastic cells, arranged 

into acini, cords and trabeculae supported by 

a delicate fibrovascular stroma. The neo-

plastic cells present moderate amounts of 

granular, lightly basophilic cytoplasm with 

indistinct cell borders, and round to oval nu-

clei with homogenous to condensed chroma-

tin and 1-3 variably distinct nucleoli. Aniso-

cytosis and anisokaryosis are mild, and no 

mitotic figures are seen. A homogenous ba-

sophilic secretory material is distributed be-

tween the trabeculae of neoplastic cells and 

sometimes throughout the extracellular 

space. There is a focal accumulation of 

foamy macrophages expanding the connec-

tive tissue adjacent to the mass. The neo-

plastic cells extend beyond the surgical mar-

gins. 

Contributor’s Morphologic Diagnosis:  

Orbital connective tissue: Canine lobular or-

bital adenoma. 

 

 

Figure 4-2. Periocular tissue, dog.  A mul-

tilobular neoplasm is present.  (HE 6X)  
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Figure 4-3. Periocular tissue, dog.  Neoplastic 
epithelial cells are present in nests and pack-
ets and surround clear spaces that are often 
filled with a basophilic proteinaceous fluid.  
(HE 6X)  

Contributor’s Comment:  

The gross and morphologic features of this 

mass are consistent with the diagnosis of ca-

nine lobular orbital adenoma. The key fea-

tures attributed to this neoplasm include a 

well-differentiated glandular morphology, 

distinctive multi-lobular growth pattern, and 

a lack of glandular ducts and ductular differ-

entiation of the neoplastic cells.2 These neo-

plasms are frequently described clinically 

and/or grossly as being remarkably friable, 

which is attributed to the scant amounts of 

connective tissue supporting the dense glan-

dular lobular units. This neoplasm is associ-

ated with a high rate of local recurrence, 

which is attributed to its friable nature and 

tendency to disperse within the orbit, caus-

ing difficulties in achieving clean surgical 

margins.2 In the original case series describ-

ing this neoplasm, 10 out of 13 cases with 

available follow-up information experienced 

local recurrence (4 with multiple episodes of 

recurrence, with an average time after re-

moval to recurrence of 395 days) with one 

case of recurrence associated with enuclea-

tion/exenteration, and the remaining 3 cases 

without recurrence being euthanized for rea-

sons unrelated to this tumor.2 The origin of 

this neoplasm is unknown. Empirical data 

from the Comparative Ocular Pathology La-

boratory of Wisconsin (COPLOW) suggests 

that accessory lacrimal glands observed 

throughout the subconjunctival and orbital 

connective tissue are the most likely tissue 

of origin; however, lacrimal, third eyelid, or 

zygomatic salivary glands are other possibil-

ities.2 Supporting evidence for a tissue of 

origin include location of the tumor within 

the orbit if it is relatively localized (e.g. su-

pero-temporal suggesting lacrimal gland) 

and the morphologic and histochemical fea-

tures of any adjacent non-neoplastic glandu-

lar tissue (e.g. primarily serous units sug-

gesting lacrimal gland).1,2,6 The dorsal local-

ization of this case’s neoplasm suggests it 

may be lacrimal in origin; however, this fea-

ture does not serve as definitive evidence. 

 

The examined tissues in this case did not in-

clude any non-neoplastic glandular tissue to 

support a specific tissue of origin. 

 

Orbital neoplasia has been cited as the most 

commonly described disease of the orbit in 

dogs, with many of these neoplasms repre-

senting primary disease.2 However, meta-

static tumors, neoplasia that extends into the 

orbit from nearby locations such as the oral 

and nasal cavities, and non-neoplastic orbital 

diseases such as orbital abscess also occur 

and must be differentiated.3 

Contributing Institution:  

University of Wisconsin 

School of Veterinary Medicine 

Madison, WI 

https://www.vetmed.wisc.edu/depart-

ments/pathobiological-sciences/ 

 

JPC Diagnosis: 

Periocular tissue: Canine orbital lobular ade-

noma. 

 

JPC Comment:   

Canine lobular orbital adenoma (CLOA) is a 

rather descriptive name for an enigmatic 
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tumor. First formally described in a Univer-

sity of Wisconsin case series in 2004, little 

progress has been made in positively identi-

fying the tissue of origin and descriptions of 

the entity often focus on distinguishing it 

from more well-known entities such as lacri-

mal or salivary gland tumors.2  

 

Pathogenesis likewise remains mysterious. 

One recent study investigating the pathogen-

esis of this entity found no association be-

tween canine papillomavirus and the devel-

opment of canine lobular orbital adenoma.4 

Another recent study performed meta-

genomic analysis on 31 confirmed CLOAs 

looking for associations with an expanded 

group of DNA viruses in the neoplastic and 

normal conjunctival tissues and similarly 

found no associations.5 

 

CLOAs occur in middle age to older dogs 

without breed predilection. The typical clini-

cal presentation is a mass in the eyelid or sub-

conjunctiva or, less commonly, in the 

retrobulbar tissues. Approximately 13% of 

cases are bilateral.5 Grossly, the neoplastic 

tissue appears nodular, translucent, and fria-

ble. 

 

The histologic appearance of the tumor in this 

case is characteristic of CLOAs; there are 

abundant acini composed of epithelial cells 

filled with PAS-positive granules without ac-

companying ductal differentiation. Tissue 

samples submitted for histopathologic evalu-

ation typically consist, as in this case, of neo-

plastic tissue without any surrounding orbital 

structures or contextual tissues, perhaps due 

to the neoplasm’s friable nature.2 When sur-

rounding tissues are present for evaluation, 

the lobular growth characteristic of this neo-

plasm extends into the connective tissues of 

the orbit.2 The published immunohistochem-

ical profile of CLOAs include positive immu-

noreactivity for CK 19 and AE1/AE3 and 

negative immunoreactivity for SMA, CK14,  

 
Figure 4-4.  Periocular tissue, dog.  High 
magnification of neoplastic cells with mod-
erate amounts of granular cytoplasm. (HE, 
520X)   

CALP, and p63, though this combination is 

not specific to this entity.6 

 

Conference discussion focused mainly on the 

difficulty of tissue identification and histo-

logic diagnosis. Conference participants of-

fered a variety of differential diagnoses, in-

cluding metastatic glandular tumors of the 

thyroid, lacrimal, sebaceous, and salivary 

glands, but even though diagnostically incor-

rect, all participants felt honored to be present 

for this novel tumor’s Wednesday Slide Con-

ference debut. 
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WSC 2023-2024 

Conference 3 Self-Assessment 

1. Equine mast cell tumors are usually associated with widespread metastatic disease. 

a. True 

b. False 

 

 

2. Which of the following is the reservoir host for the cowpox virus? 

a. Cows 

b. Cats 

c. Sheep 

d. Rodents 

 

3. Which of the following is the most common systemic manifestation of cowpox in 

cats? 

a. Encephalitis 

b. Panophthalmitis 

c. Myocarditis 

d. Pneumonia 

 

4. Thrombocytopenic purpura is most commonly seen in what breed of minipig? 

a. Gottingen 

b. Yucatan 

c. Sinclair 

d. Kunekune 

 

5. True or false.  Canine lobular orbital adenoma has a high rate of recurrence. 

a. True 

b. False 
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CASE I:   

 

Signalment:  

1-month-old, Quarter Horse colt, horse 

(Equus caballus) 

 

History:  

This foal presented to the Equine Emergency 

Service acutely ill with a fever, tachypnea, di-

arrhea, and seizures. Laboratory data re-

vealed elevated liver enzymes and bile acids, 

left shift neutropenia, elevated fibrinogen, 

hypoglycemia, hyperlactatemia, and electro-

lyte abnormalities (see details below under 

laboratory results). Abdominal ultrasound 

identified hepatomegaly. The foal was hu-

manely euthanized due to poor prognosis. 

 

Gross Pathology:  

On postmortem examination, the foal was in 

good body condition. The sclera and mucous 

membranes were mildly yellow (icterus). The 

liver was diffusely enlarged, mottled pale red 

to dark purple with disseminated pinpoint to 

~1 mm diameter pale tan foci scattered 

throughout all lobes. The wall of the right 

dorsal colon was moderately thickened by 

edema, and the mucosa was diffusely dark 

purple. The right dorsal colon contained a 

moderate amount of opaque, homogeneous, 

bright yellow, watery digesta. The small co-

lon contained small, soft, partially formed fe-

cal balls.  The skeletal muscle was diffusely 

pale tan to red. The lungs were slightly wet,  

 

 

 

 

 

 

 

 

 

 

 

 

heavy and mottled pale pink to dark red. On 

section, they oozed a small amount of serous 

fluid.  A complete postmortem was per-

formed, and no other significant gross lesions 

were identified. 

 

Laboratory Results: 

CBC 

Neutrophils 100 cells/µl (3,000-7,000) 

Bands 400 cells/µl (0-100) 

Fibrinogen 800 mg/dL (100-400) 

Chemistry 

AST 1593 IU/L (185-375) 

T-bilirubin 3.3 mg/dL (0.4-1.8) 

SDH 223 IU/L (0-10) 

GGT 54 IU/L (10-25) 

Glucose 62 mmol/L (70-135) 

Sodium 123 mEQ/L (132-142) 

Chloride 84.4 mEQ/L (97-104) 

Bicarb 20 mEQ/L (26-33) 

Anion gap 22 mmol/L (8-15) 

Icterus 6 mg/dL (1-3) 

Lactate 7.2 mmol/L (1.11-1.78) 

Bile acids 12 µmol/L (0-8.0) 
 

PCR testing performed on fresh liver tissue at 

the University of Kentucky for Clostridium 

piliforme was positive. 

 

PCR testing on fresh feces performed at Uni-

versity of California Davis was negative for 

the following: Clostridium difficile toxin A 

and B, Lawsonia intracellularis, Salmonella 

spp., Cryptosporidium spp., Rhodococcus  
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Figure 1-1. Liver, foal. The liver is diffusely en-
larged and mottled pale red to dark purple.  
(Photo courtesy of: National Institutes of 
Health Comparative Biomedical Scientist 
Training Program (CBSTP) in collaboration 
with Colorado State University Veterinary Di-
agnostic Laboratory, https://nih-
cbstp.nci.nih.gov/; https://vet medbiosci.co-
lostate.edu/vdl). 

equi, Clostridium perfringens antigen, C. 

perfringens alpha toxin, C. perfringens beta 

toxin, C. perfringens beta2 toxin, C. 

perfringens cytotoxin netF, and C. 

perfringens enterotoxin. PCR testing for C. 

piliforme was not performed on the feces. 

 

Microscopic Description:  

Liver:  Multifocally and randomly affecting 

approximately 80% of the hepatic paren-

chyma are numerous 150-300 micron diame-

ter foci of lytic necrosis characterized by fi-

brin, cellular debris, and high numbers of de-

generate neutrophils. Necrotic foci are often 

coalescent, forming larger discrete sites (up 

to ~1 mm) of necrosis. There are hypereosin-

ophilic and shrunken necrotic hepatocytes 

with pyknotic or karyorrhectic nuclei at the 

interface between necrotic and viable tissue. 

Peripheral to regions of necrosis, less af-

fected hepatocytes occasionally contain nu-

merous intracytoplasmic, stacked, pale, baso-

philic, filamentous bacilli. The portal inter-

stitium is expanded by edema and variable 

numbers of lymphocytes and plasma cells. 

Few neutrophils and lymphocytes infiltrate 

through the hepatic capsule, which is also 

mildly edematous. The mesothelium is 

mildly reactive. Steiner’s stain reveals nu-

merous, stacked, argyrophilic elongate bacilli 

within hepatocytes at the periphery of ne-

crotic foci. 

 

Contributor’s Morphologic Diagnosis:  

Liver: Severe acute multifocal random necro-

suppurative hepatitis with intrahepatocellular 

argyrophilic filamentous bacilli, etiology 

consistent with Clostridium piliforme. 

 

Contributor’s Comment:  

Tyzzer’s disease is a bacterial infection 

caused by Clostridium piliforme, an anaero-

bic, generally gram-negative, argyrophilic, 

pleomorphic, obligate intracellular bacillus. 

It can cause clinical disease in a variety of an-

imals, including rodents, foals, calves, dogs, 

nonhuman primates, and cats.5 One case of 

Tyzzer’s disease has also been reported in an  

 

 
Figure 1-2. Liver, foal. The liver is diffusely en-
larged, mottled pale red to dark purple with 
disseminated pinpoint to ~1 mm diameter 
pale tan foci scattered throughout the paren-
chyma of all lobes. (Photo courtesy of: Na-
tional Institutes of Health Comparative Bio-
medical Scientist Training Program (CBSTP) in 
collaboration with Colorado State University 
Veterinary Diagnostic Laboratory). 
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Figure 1-3. Colon, foal. The wall of the right 
dorsal colon is moderately thickened by 
edema, and the mucosa is diffusely dark pur-
ple. The right dorsal colon contains a moder-
ate amount of opaque, homogeneous, bright 
yellow, watery digesta. (Photo courtesy of: 
National Institutes of Health Comparative Bi-
omedical Scientist Training Program (CBSTP) 
in collaboration with Colorado State Univer-
sity Veterinary Diagnostic Laboratory). 

HIV-1 infected human.7 Clinical disease gen-

erally occurs in young or immunocompro-

mised animals and can cause lethargy, fever, 

anorexia, icterus, seizures, coma and death.8 

Foals generally succumb to fatal disease be-

tween 2 and 4 weeks of age.8  

 

The pathogenesis of Tyzzer’s disease is not 

fully elucidated. However, it is postulated 

that fecal-oral transmission of spores leads to 

gastrointestinal infection of mucosal entero-

cytes in the ileum, cecum and colon.  Follow-

ing necrotizing enteritis/typhlocolitis, portal 

circulation of bacteria leads to hepatic and 

systemic involvement.6 Adult horses are gen-

erally resistant to disease but can harbor and 

shed C. piliforme in their feces. Foals com-

monly consume the dam’s feces within the 

first few weeks of life, and it is likely that in 

many cases contaminated feces from the dam 

is a primary source of infection.8 However, 

spores of C. piliforme can also persist in the 

environment for at least 5 years, so long-term 

environmental contamination can also be 

problematic.1  

 

Tyzzer’s disease classically causes a triad of 

hepatitis, colitis and myocarditis. The preva-

lence of each of these lesions varies between 

species. In foals, the most common finding is 

multifocal necrotizing hepatitis that is occa-

sionally accompanied by necrotizing lym-

phohistiocytic colitis and less frequently a 

multifocal necrotizing myocarditis.  In a re-

cent case series of 25 cases, all foals had hep-

atitis, 10/25 had colitis, and only 8/25 had 

myocarditis.3 The triad of concurrent lesions 

is more commonly observed in rodents and 

lagomorphs.6 In this case, there was necrotiz-

ing hepatitis, a mild to moderate necrotizing 

lymphohistiocytic colitis and mild patchy 

gray matter edema with proliferation of Alz-

heimer type II astrocytes. There were no re-

markable microscopic findings in the myo-

cardium. The changes in the brain are com-

patible with hepatic encephalopathy. Hepatic 

encephalopathy in cases of Tyzzer’s disease 

results from hyperammonemia secondary to 

acute liver failure. Horses, in contrast to car-

nivores and ruminants, do not exhibit spongy 

vacuolation of myelin (status spongiosis) 

with hyperammonemia.4   

 

 
Figure 1-4. Liver, foal. Two sections of liver 
are 50% effaced by areas of lytic necrosis.   
(HE, 5X) 
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The diagnosis of Tyzzer’s disease can be 

made with gross and histologic findings with 

the presence of intracellular filamentous bac-

teria within hepatocytes. The bacteria can be 

faintly visualized on H&E and highlighted by 

silver stains (such as Steiner’s or Warthin-

Starry), Giemsa, and periodic acid-Schiff 

stains.6 PCR amplification of the 16S rRNA 

gene of C. piliforme can be performed to fur-

ther support Tyzzer’s disease. Considering 

the close phylogenetic proximity to other 

nonpathogenic clostridia, such as C. colinum, 

the PCR results should be interpreted with the 

gross and histologic findings. C. piliforme is 

very difficult to culture but can be isolated by 

inoculation of embryonated chicken eggs or 

specific primary cell lines.1  

 

Other differentials that may be considered 

with multifocal necrosuppurative hepatitis 

without distinct intracellular filamentous 

bacteria in a foal include EHV-1 or bacteria 

that lead to septicemia (e.g. Salmonella spp., 

Actinobacillus equuli, Listeria monocyto-

genes). Other causes of foal diarrhea include 

equine rotavirus, equine coronavirus, Rhodo-

coccus equi, Clostridium perfringens, Clos-

tridium difficile, Lawsonia intracellularis, 

and Cryptosporidium spp. 

 

Contributing Institution:  

National Institutes of Health Comparative 

Biomedical Scientist Training Program 

(CBSTP) in collaboration with  

Colorado State University Veterinary Diag-

nostic Laboratory 

https://nih-cbstp.nci.nih.gov/  

https://vetmedbiosci.colostate.edu/vdl/  

 

JPC Diagnosis: 

Liver: Hepatitis, necrotizing, multifocal to 

coalescing, random, with occasional intra-

cytoplasmic bacilli. 

 

 

 

 
Figure 1-5. Liver, foal. Higher magnification of 
areas of lytic necrosis. There is loss of hepato-
cytes and infiltration of large numbers of ne-
crotic and viable neutrophils and fewer mac-
rophages admixed with abundant cellular de-
bris. (HE, 5X) 

 

JPC Comment:   

The contributor provides an excellent, thor-

ough review of Tyzzer disease, a well-known 

and well-described clostridial disease of wide 

veterinary importance. Less well-known, 

sadly, is the fascinating biography of Dr. Ern-

est Edward Tyzzer, the scientific Renais-

sance man for whom Tyzzer disease is 

named. 

 

Dr. Tyzzer was born in a suburb of Boston in 

1875 and paid his way through college and 

Harvard Medical School by trapping musk-

rat, fox, mink, skunk, and weasels.10 His pa-

thology and parasitology-steeped career be-

gan in his second year of medical school 

when, during one of his trapping trips, he dis-

covered parasites in a fox carcass and brought 

the carcass to class, endearing himself to the 

pathology faculty (though perhaps less so to 

his fellow students). 

 

His curiosity about the natural world led to a 

broad study of infectious agents in a variety 

of species. Immediately after graduating 

from medical school, Tyzzer began studying 

the histologic lesions of varicella virus and 

determined that the intranuclear inclusions 

generated in the disease were likely viral in 

nature and not morphologic stages of an un-

known protozoal parasite, the accepted  
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Figure 1-6. Liver, foal. A silver stain demon-
strates haphazardly arranged stacks of fila-
mentous bacilli consistent with Clostridium 
piliforme. (Steiners, 400X) (Photo courtesy 
of: National Institutes of Health Comparative 
Biomedical Scientist Training Program 
(CBSTP) in collaboration with Colorado State 
University Veterinary Diagnostic Laboratory).  

 

theory at the time.10 Tyzzer spent the next 

eleven years as the Director of Research for 

the Harvard Cancer Commission, where he 

investigated the occurrence of spontaneous 

murine tumors, host responses to transplant-

able tumors, and the biology of metastasis. 

During this time, three mice supplied by 

Tyzzer to one of his research collaborators 

became the founding members of the DBA 

inbred strain of mice now commonly used in 

medical research.10 

 

Dr. Tyzzer also discovered and described the 

first Cryptosporidium species, C. muris, in 

the gastric glands of laboratory mice in 1907. 

Two follow-on publications in 1910 and 

1912 contained further descriptions, gleaned 

solely from light microscope observations, 

about the life cycle and biology of C. parvum 

and C. muris that are still largely accepted to-

day.9 

 

Tyzzer was also responsible for correctly 

classifying the causative agent of blackhead 

in turkeys, naming it Histomonas melea-

gridis, and identifying that ingestion of 

contaminated nematode eggs was the connec-

tion between Histomonas meleagridis and 

Heterakis spp.10 Having worked out the path-

ogenesis of the disease, Tyzzer then set up an 

experimental turkey farm where he worked 

out effective management practices to pro-

duce healthy turkeys and outlined these prac-

tices in pamphlets distributed to farmers by 

the Massachusetts Department of Agricul-

ture. Tyzzer received a citation from the Gov-

ernor of Massachusetts for this work, credit-

ing him for saving the Massachusetts turkey 

industry.10 

 

Dr. Tyzzer was involved in the discovery and 

elucidation of many other conditions not de-

scribed above, including Tyzzer’s disease, 

the causative agent of which he first de-

scribed in a colony of Japanese waltzing mice 

in 1917. Tyzzer was also known for his hu-

mor, which was on display after he published 

a case report on his very own bleeding rectal 

polyp and accompanying Entamoeba coli in-

fection. Though never identifying the patient, 

his manuscript stated that no systematic fol-

low up study could be arranged “owing to the 

non-cooperative attitude of the patient”.10 

 

This week’s slide conference, moderated by 

MAJ Kelsey Fiddes, Chief of Resident Train-

ing at the Joint Pathology Center, kicked off 

with this classic presentation of Dr. Tyzzer’s 

eponymous disease. As is typical of this dis-

ease, the characteristic filamentous bacilli are 

covertly stacked within the cytoplasm of 

hepatocytes near the outside edge of necrotic 

lesions and require some imagination to ap-

preciate with H&E staining alone. Silver 

stains such as Steiner’s and Warthin-Starry 

allowed visualization of these bacteria and 

their classic “haystack” appearance. 

 

Conference discussion focused mainly on 

differences in clinical presentations among 

various species. The classic “heart, intestine, 

liver” triad of lesions repeated breathlessly 
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by countless pathology residents is seen 

mainly in laboratory animals, while horses 

manifest their Tyzzer mainly through ne-

crotizing hepatitis, as in our case. Clostrid-

ium piliforme infection in rats is associated 

with megaloileitis and with encephalitis in 

gerbils. Finally, a 2023 retrospective study 

found that the most common manifestation of 

Tyzzer disease in kittens is ulcerative colitis, 

followed by hepatitis and perianal dermati-

tis.2 
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CASE II: 

Signalment:  

3-month-old, female Speckled Sussex, avian  

(Gallus gallus) 

 

History:  

Four birds from a backyard flock were losing 

weight and anorexic. This bird died suddenly. 

 

Gross Pathology:  

Necropsy was performed on a 3-month-old 

intact female chicken. It was dark brown with 

light speckling. The keel bone was prominent 

and pectoral muscles were atrophied. The 

eyes were sunken in the orbits. Loose white 

to green fecal material was present around the 

cloaca and ventral tail feathers. Diffusely the 

skin was bright red. 

 

 
Figure 2-1. Crop, chicken. There is segmental 
and marked hyperplasia of the squamous 
mucosa of the crop (center bottom).  (HE, 
5X) 
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Figure 2-2. Crop, chicken. There are few 
cross and tangential sections of nematodes 
and eggs in tunnels within the hyperplastic 
mucosa. (HE, 37X) 

Laboratory Results: 

Fecal examination revealed few eggs (0-

3/10X) of Capillaria sp., Ascaridia sp. and 

Heterakis gallinarum.   

 

 

Microscopic Description:  

Crop: Numerous cross-sections of nematodes 

are embedded within the markedly thickened 

mucosa. The parasites are 160-350 microme-

ters in diameter and contain an approximately 

6 micrometer smooth cuticle, coelmyarian 

musculature, hypodermal bacillary bands, a 

body cavity, a multinucleated intestine and 

ovaries. There are bioperculated, oval embry-

onated eggs (Capillaria sp.) within the space 

occupied by the nematode, or in spaces by 

themselves within the mucosal epithelium. 

Contributor’s Morphologic Diagnosis: 

Crop: Ingluvitis, proliferative, multifocal, 

moderate with intralesional nematode para-

sites, Capillaria sp. 

 

Contributor’s Comment:  

The crop and esophageal mucosa is markedly 

thickened and contain numerous cross sec-

tions of parasites and eggs. The cuticle, di-

gestive tract and body cavity qualifies these 

as nematode parasites. The bioperculated, 

oval embryonated eggs present in the para-

site, within and on the surface of the mucosa 

are consistent with Capillaria sp. Similar 

nematode parasites and eggs were also pre-

sent in the small intestine and double opercu-

lated eggs (Capillaria sp.) and eggs con-

sistent with Ascaridia and Heterakis gallinae 

infections are present on fecal flotation. Alt-

hough chickens can harbor many species of 

Capillaria, only Capillaria annulatus and 

contortus are present in both the crop and 

small intestine.  As nematode parasites were 

not recovered during necropsy, definitive 

identification was not possible. 

 

This chicken had a severely thickened crop 

mucosa and was malnourished as evidenced 

by the prominent keel bone and pectoral mus-

cle atrophy. The loose fecal material around 

the cloaca and ventral tail feathers are con-

sistent with diarrhea, which is often associ-

ated with heavy intestinal Capillaria infec-

tions. Capillaria infections are usually of lit-

tle consequence in most chickens; however, 

when there are heavy infections in the crop  

 

 

Figure 2-3. Crop, chicken. Cross section of an 
adult female aphasmid nematode with a 
smooth cuticle, pseudocoelom, bacillary 
band (arrows), a small intestine lined by 
uninucleate cells, and a cross section of an 
ovary. There are few eggs in the space sur-
rounding the nematode.  (HE, 382X) 
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and esophagus by C. annulatus or contortus 

(the most pathogenic Capillaria species) the-

mucosa can become so thickened that swal-

lowing can be difficult to impossible. This 

can result in high mortality as was present in 

this case. All 4 chickens in this backyard 

flock died and had lesions similar to those in 

this chicken. As both C. annulatus and con-

tortus are transmitted by earthworms, back-

yard flocks in humid environments are ex-

tremely susceptible.  Death of this chicken 

was subsequent to heavy Capillaria infections 

of the crop, esophagus and small intestine. 

Contributing Institution:  

Tuskegee University 

Pathobiology Department 

https://www.tuskegee.edu/programs-

courses/colleges-schools/cvm 

 

JPC Diagnosis: 

Crop, mucosa:  Hyperplasia, segmental, 

marked, with few adult female aphasmid 

nematodes and numerous eggs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Comment:  

Capillariasis is a common disease of free-

range chickens. Some species within the 

Capillaria genus infect the upper digestive 

system, particularly the crop and esophagus, 

while others cause intestinal or cecal dis-

ease.1 The adult worms are thin and filamen-

tous, giving them the monikers “thread 

worms” or “hairworms,” and produce charac-

teristic bi-operculate eggs. These worms bur-

row into their preferred mucosal lining, typi-

cally without causing clinical signs, but with 

increasing numbers, severe inflammation, di-

arrhea, wasting, and death may occur. 

 

The life cycles vary among the Capillaria 

species; some have a direct life cycle, while 

other require an intermediate host, most com-

monly an invertebrate such as an earthworm.1 

The most common Capillaria species that 

cause disease in chickens are C. contorta, C. 

annulata, C. anatis, C. bursata, C. cau-

dinflata, and C. obsignata. As the contributor 

notes, of these, C. annulata and C. contorta 

are found in the crop and esophagus, C. ana-

tis occurs in the ceca, and the balance inhabit 

Figure 2-4. Crop, chicken. Numerous asymmetrically bioperculated eggs are present within tunnels 

in the hyperplastic mucosa. (HE, 680X) 
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the small intestine. Depending on the species 

and life cycle, chickens are infected by in-

gesting litter containing worm eggs or by in-

gesting an infected intermediate host. 

 

As in this case, the typical histologic lesion 

of crop capillariosis is thickening and inflam-

mation of the mucosa, while intestinal and 

cecal-focused Capillaria species may cause 

inflammation, hemorrhage, and erosion of 

the gastrointestinal linings. 

 

Conference discussion centered around histo-

logic differences between the avian crop and 

esophagus and the difficulty in differentiating 

between the two locations. While differences 

appear to be species-specific, in general the 

crop has no or few glands compared to the 

esophagus, where glands are typically more 

numerous. Conference participants felt it was 

quite difficult to determine if examined sec-

tion was esophagus or crop, and many partic-

ipants felt they would have had to wing it 

were it not for the contributor’s gross nec-

ropsy findings. 

 

Conference participants also noted the very 

mild nature of the inflammatory infiltrate and 

postulated that this might be because larvae 

are typically restricted to the mucosa in crop 

capillariasis. Participants felt that the striking 

hyperplasia was the more important histo-

logic finding and deserved pride of place in 

the JPC morphologic diagnosis. 

 

References: 

1. Swayne DE, Glisson JR, McDougald 

LR, et.al. Diseases of Poultry. 13th ed. 

Blackwell Publishing Ltd;2008:1162-

1164. 

 

 

 

 

CASE III:   

 

Signalment:  

4-year-old Holstein cow, bovine (Bos taurus) 

 

History:  

The cow developed progressive weight loss, 

recumbency, weakness, depression, and mild 

hyperthermia. Despite treatment with an an-

tibiotic (ceftiofur), a non-steroidal anti-in-

flammatory drug (flunixin), a corticosteroid 

(dexamethasone), and a parenteral solution 

containing vitamins, glucose and amino ac-

ids, her clinical condition deteriorated over a 

few weeks, necessitating euthanasia due to 

poor prognosis. The cow was pregnant at ap-

proximately 5 months of gestation. 

 

Gross Pathology:  

Multifocally infiltrating/expanding the myo-

cardium and extending into the adjacent en-

docardium and epicardium in the atria, inter-

ventricular septum and the left ventricular 

free wall, there were multiple, yellowish/tan, 

irregular mass-like foci of approximately 1 to 

8 cm, with poorly defined borders. In the my-

ocardium, some of the larger foci exhibited a 

central 1–2 cm area of necrosis, demarcated 

by an incomplete thin (1–2 mm) red rim/halo 

(hemorrhage). The mesenteric lymph nodes 

were markedly enlarged, measuring up to 15 

x 8 cm. 

 

Laboratory Results: 

In 2019, the cow had tested positive for se-

rum antibodies against bovine leukemia virus 

(BLV) by ELISA and for BLV by qPCR on a 

sample of whole blood (6.45 x 104 BLV ge-

nome copies/µL), and a complete blood 

count revealed leukocytosis (white blood 

cells: 14.7 x 109/L; reference range: 5.8–12.6 

x 109/L) with lymphocytosis (10.07 x 109/L; 

reference range: 1.7–5.6 x 109/L). A sample 

of heart obtained during the autopsy also 

tested positive for BLV by qPCR (1 x 106 ge-

nome copies/mg). 
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Figure 3-1. Heart, ox. Multiple, yellowish/tan, 
irregularly shaped, foci with indistinct bor-
ders ranging from 1 to 8 cm infiltrate the my-
ocardium. The larger focus (upper center) in-
volve the right aspect of the interventricular 
septum. (Photo courtesy of:  Plataforma de 
Investigación en Salud Animal, Instituto Na-
cional de Investigación Agropecuaria (INIA), 
La Estanzuela, Uruguay). 

Microscopic Description:  

Two sections of heart are examined. Exten-

sively infiltrating the myocardial interstitium 

including the endomysium, separating myo-

cardial fibers, and multifocally infiltrating 

the endocardium and the conduction system, 

is an unencapsulated, densely cellular neo-

plasm composed of round cells arranged in 

sheets. Neoplastic cells are round to oval, 

with distinct borders, scarce cytoplasm, and 

high nuclear-to-cytoplasmic ratio. Nuclei are 

large, round, oval or reniform (moderate an-

isokaryosis), with coarse or clumped chroma-

tin and 1 to 3 magenta nucleoli. The mitotic 

count is up to 8 per 400x field. Additionally, 

in one of the sections there is a fairly well-

demarcated central area of necrosis that in-

volves both the cardiomyocytes and the en-

trapped infiltrating neoplastic cells. In this 

area cardiomyocytes have hypereosinophilic 

and coagulated sarcoplasm, with loss of 

transverse striations (necrosis), neoplastic 

cells exhibit karyolysis, and there are occa-

sional foci of erythrocyte extravasation 

(hemorrhages). Occasional intact, thick-

walled, oval, basophilic, protozoal cysts mor-

phologically resembling Sarcocystis spp. 

cysts are present within the sarcoplasm of 

cardiomyocytes. 
 

Contributor’s Morphologic Diagnosis:  

Heart: Lymphoma, holstein, bovine. 

 

Contributor’s Comment:  

The diagnosis of Enzootic Bovine Leukosis 

(EBL) in this cow was based on gross, micro-

scopic, molecular (qPCR), and serological 

(ELISA) findings. The seroprevalence of 

BLV was high in the herd.  

EBL is caused by BLV, genus Deltaretrovi-

rus, family Retroviridae, which is closely re-

lated to primate T-lymphotropic viruses in-

cluding human T-cell lymphotropic virus 1 

and 2 and simian T-cell lymphotropic vi-

rus.14,16 EBL is a contagious lymphoprolifer-

ative condition, and the most frequent neo-

plastic disease of cattle.14 The disease has 

been reported in almost every cattle raising 

country during the last century.12,14,16 How-

ever, to date, BLV has been successfully 

eradicated from over 20 countries, including 

several European countries, New Zealand, 

and Australia.6,14,20 Thus, it is mainly present 

in eastern Europe, the Americas, and some 

Asian and middle eastern countries.6,14 Most 

of these countries have reported continuous 

increases in BLV prevalence in beef and 

dairy cattle herds, although prevalence is usu-

ally higher in dairy farms.1,14,16 While BLV 

has been linked to breast cancer in women, 

the eventual causal relationship between this 

virus and breast cancer is still a matter of de-

bate in the scientific community.2,5,8 
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BLV is harbored in circulating lymphocytes 

of infected cattle and can be transmitted hor-

izontally and vertically; the former being the 

main form of transmission.6,13,14,20 As fresh 

blood, semen, saliva, milk, and nasal secre-

tions are known sources of BLV proviral 

DNA, direct contact, iatrogenic procedures, 

blood-sucking insects, and natural breeding 

are potential transmission routes.6,14,20 Verti-

cal transmission via transplacental infection 

or ingestion of colostrum/milk is thought to 

account for a small proportion of BLV infec-

tions.13,14 Intrauterine transmission has been 

reported to occur in 4–8% of calves born to 

BLV seropositive dams.6 Transmission 

through the ingestion of colostrum or milk 

from BLV-infected cows is possible since 

they both can contain provirus or free viral 

particles. However, colostrum and milk can 

also contain high titers of protective antibod-

ies that could prevent infection in calves.12,13 

Quantification of the risk of this transmission 

route is currently lacking.13 

BLV is capable of infecting different immune 

cells, with a predilection for B-lympho-

cytes.16 Viral infection occurs after destabili-

zation of the cell membrane by a transmem-

brane glycoprotein. Afterwards, the virus in-

tegrates into the host cell genome, interfering 

with gene expression and altering prolifera-

tive and apoptotic processes.14 These mecha-

nisms are responsible for the different clini-

cal features of the disease in cattle. On one 

hand, animals suffering from benign persis-

tent lymphocytosis develop a massive prolif-

eration of B-lymphocytes as a consequence 

of a blockage of their apoptosis along with an 

increase of proliferation.11 In contrast, neo-

plastic transformation is associated with  

 

Figure 3-2. Heart, ox. Two sections of myo-
cardium are submitted for examination. 

inactivation of the tumor suppressor gene 

p53.14  

Exposure to BLV may lead to four different 

outcomes: a) failure in establishing an infec-

tion, probably due to genetic resistance of the 

host and/or other factors; b) asymptomatic in-

fection, which is characterized by detectable 

antibodies and no clinical or hematological 

abnormalities; c) persistent lymphocytosis 

with detectable antibody titers; and d) devel-

opment of malignant lymphocytic neoplasia 

(lymphoma) in seropositive individuals.6,12,14 

In the case described herein, the cow had ev-

idence of persistent lymphocytosis in 2019, 

and while she was asymptomatic at that time, 

whether she concurrently had subclinical 

lymphoma was not determined. It is believed 

that the outcome of the infection may be in-

fluenced by the genetic constitution of the in-

dividual, its immune status, and the infective 

dose.6 The majority of infected cattle (70%) 

remain asymptomatic, while approximately 

30% develop a benign lymphocytosis that 

persists for years, and it is not associated with 

the tumoral disease.6,14,17 The development of 

lymphoma occurs in 1–5% of BLV-infected 

individuals usually after a latency period of 

1–8 years, regardless of the development of 

persistent lymphocytosis, and is considered 

the only symptomatic form of EBL.6,12,17  
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Figure 3-3. Heart, ox. Infiltrating the myocar-
dial interstitium and separating individual 
cardiomyocytes is a densely cellular neo-
plasm of neoplastic lymphocytes arranged in 
sheets. (Photo courtesy of:  Plataforma de In-
vestigación en Salud Animal, Instituto Nacio-
nal de Investigación Agropecuaria (INIA), La 
Estanzuela, Uruguay). (HE, 200X) 

 

While lymphoma occurs regardless of the de-

velopment of persistent lymphocytosis, it is 

estimated that approximately two thirds of 

the cows that develop BLV-induced lym-

phoma previously undergo persistent lym-

phocytosis.11 

BLV-induced lymphoma may be located in 

any organ, but the abomasum, kidney, heart, 

spinal cord, uterus, and lymph nodes are the 

most commonly affected ones.4,6 Therefore, 

the clinical presentation may vary depending 

on the organ or tissue involved.4,6 Overall, the 

most frequent clinical findings consist of in-

appetence, weight loss, drop in milk produc-

tion, pallor, weakness, recumbency, etc.6,15 In 

the case presented here, although the heart 

was extensively affected, no signs or lesions 

compatible with congestive heart failure were 

detected, suggesting that extensive cardiac 

involvement may have occurred somewhat 

recently prior to clinical disease, or without 

significantly affecting cardiac function until 

a few weeks before euthanasia, when the cow 

became symptomatic. Additionally, because 

there was histologic evidence of neoplastic 

infiltration in the conduction system of the 

heart, as well as evidence of acute myocardial 

necrosis, we speculate that either one or both 

pathological findings could have precipitated 

the clinical deterioration in this case. Besides 

the heart and mesenteric lymph nodes, no 

other tissues were affected in this cow. 

Macroscopically, lymphomas are yellowish, 

white to tan, bulging masses with a homoge-

neous aspect. Neoplastic tissue is usually 

firmer than normal lymphoid tissue, and it 

can be found surrounding bright yellow ne-

crotic foci.3,6 In the heart, two gross presen-

tations, consisting of nodular and diffuse 

forms, have been described.3 In the former, 

bulging lesions are located in the atrium and 

blend into the epicardial fat, thus making 

them hard to differentiate. Diffuse cardiac le-

sions are usually disseminated in the ventric-

ular myocardium. Interestingly, our findings 

include both patterns since nodular lesions 

were present in the right atrium but there 

were also extensive lesions in the myocar-

dium of the interventricular septum and left 

ventricular free wall. 

Histological findings typically include dense 

cellular masses or diffusely infiltrative neo-

plasms composed of sheets of neoplastic 

round cells (B cells) that infiltrate, disrupt 

and/or replace the parenchyma of the affected 

organs.10 Neoplastic cells exhibit scarce cy-

toplasm and distinct cell borders, and large, 

irregularly round nuclei. The mitotic index is 

usually high.6 
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Clinically, differential diagnoses for the car-

diac presentation include various conditions 

including bacterial infections (Histophilus 

somni, abscess, and bacterial endocarditis), 

parasitic diseases (i.e. sarcocystiosis, cysti-

cercosis), traumatic reticulopericarditis, and 

primary cardiac tumors (rhabdomyoma, 

rhabdomyosarcoma, peripheral nerve sheath 

tumors [neurofibroma, schwannoma, neuri-

noma, neurofibroma], hemangioma, heman-

giosarcoma, fibroma, fibrosarcoma, angioli-

poma, angioleiomyoma, leiomyoma, leiomy-

osarcoma, adenomatoid tumor, hamartoma, 

mesothelioma, and myxoma).6,19 Enlarge-

ment of lymph nodes can be found in many 

other conditions, such as tuberculosis, para-

tuberculosis, caseous lymphadenitis, actino-

bacillosis, sporadic bovine leukosis (which is 

not caused by BLV), zygomycotic lymphad-

enitis, theileriosis, brucellosis, etc.6  Histo-

logically, lymphoma is readily distinguisha-

ble from all these conditions, except for spo-

radic bovine leukosis, which usually occurs 

in young calves instead of adult cattle. 

Antemortem diagnosis of BLV exposure and 

infection can be accomplished by serologic 

(ELISA, agar gel immunodiffusion) and mo-

lecular methods (PCR, qPCR). Lymphoma 

can be diagnosed by cytology and/or histo-

pathology coupled with viral detection by 

PCR in postmortem specimens.6,14,20 
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Figure 3-4. Heart, ox. Neoplastic cells infil-
trate the cardiac conduction system, sur-
rounding and separating Purkinje fibers. 
(Photo courtesy of:  Plataforma de Investiga-
ción en Salud Animal, Instituto Nacional de 
Investigación Agropecuaria (INIA), La Estan-
zuela, Uruguay). (HE, 400X) 

 

JPC Diagnoses: 

1.  Myocardium:  Lymphoma.  

2.  Myocardium:  Sarcocysts, few. 

 

JPC Comment:   

As the contributor details, aggressive efforts 

have led to the eradication of EBL in many 

countries; however, this fact belies the diffi-

culty of eradication, largely due to the limited 

ability to identify “aleukemic” animals who 

are infected but subclinical.7 To that end, 

much of the current research surrounding 

EBL is focused on developing effective diag-

nostics that can be used to identify and re-

move asymptomatic animals from herds. 

 

Among these new diagnostics are droplet 

digital PCR (ddPCR) assays that can be used 

to identify and quantify BLV provirus (viral 

DNA that has been integrated into the host 

genome) in animals with recent infection or 

low proviral load.7,15 ddPCR is a relatively 

recent nucleic acid quantification modality 

that has several benefits over PCR and quan-

titative PCR, including 1) the ability to pro-

vide quantitative counts without the need for 

a reference curve, and 2) the ability to pro-

vide reproducible quantitative data in 
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unpurified samples that contain minute 

amounts of target DNA.7 Recent research 

shows that ddPCR can detect proviral DNA 

as early as 2 days post-infection, much earlier 

than the 13 days post infection with tradi-

tional PCR-based methods.7 ddPCR is also 

able to detect and quantify provirus in indi-

vidual and bulk tank milk, an important diag-

nostic advantage allowing testing of easily 

accessible samples that have far lower levels 

of provirus and far higher levels of contami-

nates than required or allowed with legacy 

PCR techniques.7 

 

The key innovation of the ddPCR technique 

is the fractioning of DNA samples into tens 

of thousands of individual droplets using an 

oil and water technique. Once the sample is 

fractionated, the PCR reaction is carried out 

in each individual droplet. Once the PCR re-

action has terminated, the fluorescent proper-

ties of each individual droplet are analyzed in 

a method similar to flow cytometry, and the 

number of droplets that contain sample is 

used to quantify the original amount of pro-

viral DNA.9 

 

It is hoped that ddPCR quantification of pro-

viral DNA levels in whole blood or milk may 

be a good indicator of disease and disease 

progression in the field.18 The quantification 

of proviral DNA can also inform herd man-

agement decisions as animals with low pro-

viral loads are less effective virus transmit-

ters and thus can be segregated, but need not 

necessarily be culled, to prevent disease 

transmission to naïve animals.7 

 

The most recent research into BLV diagnos-

tics has innovated on the ddPCR proviral as-

say. Previous research has identified an asso-

ciation between the bovine MHC-DRB3 gene 

and proviral load in certain species of cattle, 

with one allele associated with a high proviral 

load (a BLV susceptibility gene) and another 

allele associated with a low proviral load (a 

BLV resistant gene). This year, researchers 

developed a single-well assay that combines 

the ddPCR proviral quantitative assay with 

allele typing, including identification of 

homo- and heterozygotes, to provide a more 

holistic view of which animals are at risk of 

spreading disease.15 These diagnostic innova-

tions could soon provide a pathway for eco-

nomically viable eradication efforts that min-

imize culling, even in areas of high disease 

prevalence. 

 

This case presents a classic demographic, 

clinical, gross, and histologic case of BLV-

induced lymphoma. In a heart with this gross 

appearance, lymphoma should be at the top 

of the differential list, though neurofibroma 

and granulomatous disease can’t be definitely 

ruled out prior to histologic evaluation. Con-

ference participants discussed the curious 

subgross appearance of the examined tissue 

section, which contains a large confluent, 

well-demarcated area of pallor reminiscent of 

an infarct; however, histologically, while ne-

oplastic cells in this area are often necrotic, 

the cardiomyocytes appear viable. No con-

clusions were reached as to the origin of this 

unique appearance. 

 

The scattered sarcocysts are a common, inci-

dental finding in cattle and are most com-

monly tissue cysts of Sarcocystis cruzi.  
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CASE IV:  

 

Signalment:  

3-year-old, Holstein bull (Bos taurus) 

 

History: 

A Holstein bull with a history of chronic 

weight loss and wasting was slaughtered on-

farm for human consumption. Since multiple 

lesions were found in the liver, lung, bron-

chial and hepatic lymph nodes, the practi-

tioner decided to submit these samples for di-

agnostic workup. 

 

Gross Pathology:  

The liver, lungs, and hepatic and bronchial 

lymph nodes had multiple granulomas. In the 

liver, these granulomas were multifocal to 

coalescing, roughly round, nodular, firm, and 

were readily visible protruding from the dia-

phragmatic surface of the capsule. The gran-

ulomas ranged from 0.5 to 5 cm in diameter 

and were frequently surrounded by a pearly 

white capsule of connective tissue (fibrosis). 

On cut surface, the granulomas frequently 

contained a yellowish central area of caseous 

material (necrosis) and crepitated when 

sliced with the blade of the knife, suggesting 

mineralization. 

 

Laboratory Results: 

Mycobacterium bovis was isolated from fresh 

samples of lung and bronchial lymph node in-

oculated in egg yolk agar. Mycobacterium 

bovis DNA was amplified by qPCR from fro-

zen samples of hepatic and bronchiolar 

lymph nodes. 

 

Microscopic Description:  

Liver: approximately 50% of the parenchyma 

is replaced by multiple granulomas. The 

granulomas are composed of a pale eosino-

philic center with cellular debris (necrosis) 

and scattered deposits of coarse basophilic or 

amphophilic amorphous to crystalline mate-

rial (mineralization). These necrotic and  

 
Figure 4-1. Liver, ox. Multiple coalescing, ir-
regularly round, 0.5 to 5 cm granulomas pro-
trude from beneath the hepatic capsule. 
(Photo courtesy of: Nacional de Investigación 
Agropecuaria (INIA), Route 50, Kilometer 11, 
La Estanzuela, Colonia 70006, Uruguay). 

 

mineralized centers are surrounded and infil-

trated by inflammatory cells, notably epithe-

lioid macrophages, occasionally forming 

multinucleated giant cells with peripherally 

located nuclei (Langhans type), and fewer 

lymphocytes and plasma cells. The granulo-

mas are frequently surrounded by a thick cap-

sule of collagenous fibrous connective tissue. 

The hepatic parenchyma in adjacent areas is 

displaced and partially compressed by the 

granulomas. In these regions there is distor-

tion/disruption of the hepatic cord histoarchi-

tecture, hepatocytes are atrophic, the sinus-

oids are expanded by connective tissue (fi-

brosis), with variable degrees of portal, 

bridging, dissecting and perivenular fibrosis. 

In these areas there are also scattered infil-

trates of lymphocytes, macrophages, and 

multinucleated giant cells. Portal areas also 

exhibit moderate bile duct hyperplasia. Intra-

cellular, 2-µm long, acid fast bacilli were de-

tected in multinucleated giant cells in histo-

logic sections of liver stained with Ziehl-

Neelsen. 
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Contributor’s Morphologic Diagnosis: 

Liver: Hepatitis, granulomatous, multifocal 

to coalescing, chronic, severe with caseous 

necrosis and mineralization, multinucleated 

giant cells, intra-histiocytic acid-fast bacilli, 

and fibrosis, Holstein bull, bovine.  

 

Contributor’s Comment:  

The diagnosis of bovine tuberculosis in this 

case was mainly based on pathological find-

ings coupled with the identification of acid-

fast bacilli by Ziehl-Neelsen, and isolation 

and molecular identification of Mycobacte-

rium bovis.  

 

Mycobacteria are facultative intracellular, 

aerobic, non-motile, pleomorphic bacilli.8,16 

They resist decolorization by acids during 

staining procedures because of the high con-

tent of lipids of their cell walls. Hence, they 

are considered acid-fast bacteria and can be 

stained with Ziehl-Neelsen or Fite-Faraco 

stains, but not with Gram stains.17 The myco-

bacteria that cause tuberculosis are grouped 

within the Mycobacterium tuberculosis com-

plex (MTBC), which includes M.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tuberculosis, M. bovis, M. caprae, M. afri-

canum, M. microti, M. canettii, M. pinnipedii, 

M. orygis, M. suricattae, M. mungi, and the 

Dassie and Chimpanzee bacilli.3,11 Within 

this extensive group, only two members are 

confirmed causes of bovine tuberculosis: M. 

bovis and, to a lesser extent, M. caprae.6,12 

 

Although bovine tuberculosis has a world-

wide distribution, its prevalence has declined 

significantly in many regions, and approxi-

mately 20 countries (mainly from Europe) 

are considered tuberculosis-free as a result of 

rigorous eradication programs.2,5 Similar 

eradication programs are currently being im-

plemented in other countries, such as the US, 

Mexico, New Zealand, and Japan.5 The dis-

ease is still widely spread in Africa, Asia, and 

Central and South America.2,5 

 

Mycobacteria are very resistant to environ-

mental conditions, which facilitates indirect 

infection from contaminated sources.9 How-

ever, direct transmission from infected ani-

mals is the main route of infection.9 Inhala-

tion of aerosols containing mycobacteria is  

Figure 4-2. Liver, ox. One section of liver is submitted for examination. There are several discrete 

granulomas effacing approximately 50% of the section.  (HE, 5X) 

 



89 
 

 
Figure 4-3. Liver, ox. Replacing the hepatic 
parenchyma is a granuloma with a central 
area of caseous necrosis and mineralization 
surrounded by a thick capsule of connective 
tissue.  (Photo courtesy of:  Nacional de In-
vestigación Agropecuaria (INIA), Route 50, 
Kilometer 11, La Estanzuela, Colonia 70006, 
Uruguay). (HE, 100X) 

the primary route of transmission in cattle.6,9 

Mycobacterium bovis can also be excreted in 

feces, urine, and colostrum/milk; hence, con-

taminated feedstuff and water are potential 

sources of infection. Oral transmission re-

quires a large infective dose.6,9 In young 

calves, infection through ingestion of unpas-

teurized colostrum/milk from infected cows 

is possible.9 Other uncommon infection 

sources and routes include cutaneous expo-

sure, congenital infection, or transmission 

through semen, vaginal and uterine dis-

charges, among others.6 

 

Bovine tuberculosis spreads throughout the 

organism in two stages: i) the primary com-

plex and ii) post-primary dissemination. Af-

ter lodging in the lesion inflicted at the entry 

site, mycobacteria are transported to the 

draining lymph node(s) where they establish 

a secondary infectious focus, generating the 

primary complex.7 When both lesions (at the 

entry point and the local lymph node) are pre-

sent, the primary complex is classified as 

complete, and when the lesion at the site of 

entry is absent (as in most cases occurring af-

ter digestive transmission) the primary 

complex is referred to as incomplete.7 De-

pending on the immune status of the host, dis-

semination from the primary complex (post-

primary dissemination) may occur either via 

lymphatic or hematogenous spread, or 

through pre-existing anatomical routes in the 

organs. Each of these forms of spread will de-

termine different post-primary presentations: 

late generalization or chronic organ tubercu-

losis.6,7 Another presentation is called early 

generalization, which occurs due to the infec-

tion’s spread during the early stages as a con-

sequence of a poor immune response.7 

 

The clinical presentation usually varies with 

the localization of the infection. Overall, clin-

ical signs are nonspecific (i.e., progressive 

weight loss, fluctuating fever, weakness, in-

appetence), thus the diagnosis should not be 

based on clinical examination alone. It should 

be considered that cattle with extensive mil-

iary lesions may be clinically normal.5,6 

 

The characteristic gross lesion is the tubercle, 

a circumscribed, often encapsulated, tan to 

yellow granuloma, often with central caseous 

necrosis and/or mineralization, which has 

been referred to as a “caseocalcareous granu-

loma”.4 There is large variation in the size of 

the tubercles; they can be small enough to be 

overlooked during autopsy, or involve a ma-

jor part of an organ.18 Tubercles are most fre-

quently seen in bronchial, retropharyngeal, 

and mediastinal lymph nodes.4 Other sites 

commonly affected include the lung, liver, 

spleen, and the serosal surfaces of body cav-

ities.18 Other locations, including the brain 

and meninges, have also been described.14 

 

Histologically, small granulomas consist of 

epithelioid macrophages and few Langhans-

type multinucleated giant cells and neutro-

phils.4,7,11 As the lesion progresses, a central 

area of caseous necrosis, consisting of eosin-

ophilic homogeneous material with necrotic 

cell debris and mineralization develops.4,7,11 
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This necrotic core is surrounded by macro-

phages, multinucleated giant cells, lympho-

cytes, and occasional neutrophils.4,7,11 Over 

time, a fibrous connective tissue capsule is 

formed. Acid-fast bacilli may be found extra-

cellularly in the necrotic core or within the 

cytoplasm of macrophages and giant cells.7,11 

The absence of acid-fast bacilli on histo-

pathological examination does not rule out 

tuberculosis.7,18 

 

Differential diagnoses on clinical or gross pa-

thology grounds include many conditions 

such as mycobacteriosis associated with the 

M. avium-intracellulare complex, atypical 

mycobacteria, bacterial pneumonia and lung 

abscesses (i.e. Mycoplasma bovis, Pas-

teurella multocida, Trueprella pyogenes, as-

piration pneumonia), actinobacillosis, fungal 

diseases (zygomycosis, blastomycosis, as-

pergillosis, histoplasmosis, coccidioidomy-

cosis), foreign body granuloma, traumatic 

pericarditis, bovine leukemia virus, and ces-

tode cysts.5,6,10 However, histologically, tu-

berculoid granulomas are usually easily dis-

tinguishable from all these conditions. 

 

Diagnostic assays include direct tests for the 

identification of the agent, generally in post-

mortem specimens, such as microscopic ex-

amination, culture, immunohistochemistry, 

and molecular techniques.6,18 Indirect tests 

are performed on specimens from live ani-

mals to detect infected individuals, and can 

be based on the cellular (intradermal tubercu-

lin test, gamma-interferon test, and lympho-

cyte proliferation test) or humoral immunity 

(ELISA).6.18 
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Figure 4-4.  Liver, ox. There is infiltration by 
abundant macrophages that occasionally 
form multinucleated giant cells with periph-
erally located nuclei, and fewer lymphocytes, 
scattered mineralization, and fibrosis (Photo 
courtesy of:  Nacional de Investigación Ag-
ropecuaria (INIA), Route 50, Kilometer 11, La 
Estanzuela, Colonia 70006, Uruguay). (HE, 
400X) 

 

JPC Diagnosis: 

Liver:  Granulomas, multifocal to coalescing, 

with bridging fibrosis. 

 

JPC Comment:   

As noted by the contributor, the classic lesion 

of tuberculosis is the tubercle, or tuberculous 

granuloma. Though a seemingly simple 

structure, the presence of a granuloma is the 

result of a complex sequence of inflamma-

tory events requiring 1) the presence of an in-

citing agent with indigestible, poorly de-

gradable, and persistent antigens, 2) a Th1 

host immune response, and 3) an interplay 

between cytokines, chemokines, and other in-

flammatory mediators within the chronic in-

flammatory lesion.1 

 

Granulomas are classically described as 

forming via a Type IV, cell-mediated hyper-

sensitivity reaction. Sensitization occurs 

upon initial exposure to the antigen, which 

forms antigen-specific T memory lympho-

cytes. With chronic exposure, here enabled 

by the virulence factors that allow Mycobac-

terium bovis to live within macrophages  
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Figure 4-5.  Liver, ox. Two ~2-µm long acid-
fast bacilli (arrows) compatible with Myco-
bacterium bovis are present within the cyto-
plasm of a multinucleated giant cell. (Photo 
courtesy of:  Nacional de Investigación Ag-
ropecuaria (INIA), Route 50, Kilometer 11, La 
Estanzuela, Colonia 70006, Uruguay). (Ziehl-
Nielsen, 400X) 

indefinitely, memory T lymphocytes recog-

nize these persistent antigens presented in 

MHC II complexes by macrophages, and ini-

tiate a complex inflammatory sequence. Th1 

lymphocytes secrete cytokines, such as TNF 

and IL-17, which recruit monocytes from the 

circulation to the site of inflammation. Once 

in the tissue, Th1-lymphocyte derived IFN-ɣ 

converts the monocytes to activated macro-

phages. The activated macrophages then se-

crete cytokines such as IL-12 which facilitate 

further development of Th1 lymphocytes.15 

Activated macrophages also elaborate IL-1 

and TNF-α, both of which act to increase lo-

cal expression of adhesion molecules on en-

dothelial cells, thus recruiting more leuko-

cytes to the inflammatory party. Meanwhile, 

Th1 lymphocytes secrete IL-2, which acts in 

an autocrine fashion to induce Th1 lympho-

cyte proliferation.15    

 

The result of this persistent, Th1 lymphocyte-

driven inflammation is the granuloma, which 

functions to wall off persistent antigenic 

stimuli from the rest of the body and is typi-

cally described as paucibacillary due to the 

few identifiable acid-fast bacteria. There are 

only a few conditions that are associated with 

the formation of granulomas, so their pres-

ence provides the astute pathologist with a 

radically pruned differential list. 

 

In contrast to this nodular granulomatous 

morphology, certain mycobacterial condi-

tions are associated with diffuse/lepromatous 

inflammation which is paradigmatically as-

sociated with a Th2 lymphocyte-predominant 

response. Lepromatous responses are poorly 

delineated, have a widespread distribution, 

abundant bacteria, relatively fewer lympho-

cytes, many macrophages, and lack a distinct 

capsule.1 

 

In lepromatous immunological response, Th2 

lymphocytes elaborate IL-4, IL-10, and TGF-

β which inhibit the Th1 response and inacti-

vate the microbicidal responses of macro-

phages, most notably iNOS. This facilitates 

the survival of the bacilli and shuts down the 

interplay between lymphocytes and macro-

phages that lead to granuloma formation.13 

The resulting diffuse granulomatous inflam-

mation is seen in Mycobacterium leprae in-

fection in humans and Mycobacterium avium 

subsp. paratuberculosis infection (Johne’s 

disease) in cattle, sheep, and goats.1 

 

This case rounds out this week’s tour of clas-

sic entities with excellent examples of para-

digmatic, Th1-driven tubercle formation. 

Conference participants felt the tubercles 

were so paradigmatic that a morphologic di-

agnosis of “granulomas” encapsulated a host 

of implied histologic features, including 

granulomatous inflammation, mineralization, 

necrosis, and concentric fibrosis. Conference 

participants discussed the striking bridging 

fibrosis and thought the consequent ischemia 

could account for the diffuse hepatocellular 

atrophy observed in less affected areas of the 

hepatic parenchyma.  

 



92 
 

References: 

1. Ackermann MR. Inflammation and heal-

ing. In: Zachary JF, ed. Pathologic Basis 

of Veterinary Disease. 7th ed. Else-

vier;2022:143-145. 

2. Awada L, Tizzani P, Erlacher-Vindel E, 

Forcella S, Caceres P. Bovine tuberculo-

sis: worldwide picture. In: Bovine tuber-

culosis. Wallingford, Oxfordshire, UK: 

CABI; 2018:1–15. 

3. Azé J, Sola C, Zhang J, et al. Genomics 

and machine learning for taxonomy con-

sensus: the mycobacterium tuberculosis 

complex paradigm. PLoS One. 2015;10 

(7):e0130912. 

4. Caswell JL, Williams KJ. Respiratory 

System. In: Jubb, Kennedy and Palmer’s 

Pathology of Domestic Animals. 6th ed. 

Vol 2.  Elsevier;2016:465-591. 

5. Center for Food Security & Public Health 

(CFSPH). Zoonotic tuberculosis in mam-

mals, including bovine and caprine tuber-

culosis. 2019. 

6. Constable P, Hinchcliff K, Done S, Grün-

berg W. Veterinary medicine: a textbook 

of the diseases of cattle, horses, sheep, 

pigs and goats. 11th ed. Saunders Else-

vier;2017:2015–2023. 

7. Domingo M, Vidal E, Marco A. Pathol-

ogy of bovine tuberculosis. Res Vet Sci. 

2014;97(Supplement):S20–S29. 

8. Kanipe C, Palmer MV. Mycobacterium 

bovis and you: A comprehensive look at 

the bacteria, its similarities to Mycobac-

terium tuberculosis, and its relationship 

with human disease. Tuberculosis (Ed-

inb). 2020;125:1–28. 

9. Menzies F, Neill S. Cattle-to-cattle trans-

mission of bovine tuberculosis. Vet J. 

2000;160:92–106. 

10. Ortega J, Uzal FA, Walker R, et al. Zygo-

mycotic lymphadenitis in slaughtered 

feedlot cattle. Vet Pathol. 2010;47(1): 

108–115. 

11. Palmer MV, Kanipe C, Boggiatto PM. 

The bovine tuberculoid granuloma. Path-

ogens. 2022;11(1). 

12. Pesciaroli M, Alvarez J, Boniotti MB, et 

al. Tuberculosis in domestic animal spe-

cies. Res Vet Sci. 2014;97(S):S78–S85. 

13. Rodrigues de Sousa J, Sotto MN, and 

Quaresma JAS. Leprosy as a complex in-

fection: breakdown of the Th1 and Th2 

immune paradigm in the immunopatho-

genesis of disease. Front Immunol. 

2017;8:1635. 

14. Silveira AM, Nascimento EM, Konradt 

G, et al. Tuberculosis of the central nerv-

ous system in cattle in Paraíba, Brazil. 

Pesqui Vet Bras. 2018;38(11):2099–

2108. 

15. Snyder P. Diseases of Immunity. In: 

Zachary JF, ed. Pathologic Basis of Vet-

erinary Disease. 7th ed. Elsevier; 

2022:322-325. 

16. Ünüvar S. Microbial foodborne diseases. 

Foodborne Dis. 2018;15:1–31.  

17. Vilchèze C, Kremer L. Acid-fast positive 

and acid-fast negative mycobacterium tu-

berculosis: the Koch paradox. Microbiol 

Spectr. 2017;5(2). 

18. World Organisation for Animal Health 

(OIE). Bovine tuberculosis. In: OIE Ter-

restrial manual. 8th ed. OIE;2018;1058-

1074. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WSC 2023-2024 

Conference 4 Self-Assessment 

1. Unlike other clostridia, Clostridium piliform are gram-negative. 

a. True 

b. False 

 

 

2. Which of the following is the most likely to demonstrate the full triad of intestinal, 

liver, and heart lesions in Tyzzer’s disease 

a. Cows 

b. Horses 

c. Cats 

d. Rodents 

 

3. Capillaria contortus can be found simultaneously in the crop and which of the follow-

ing? 

a. Proventriculus 

b. Ventriculus 

c. Small intestine 

d. Cecum 

 

4. Which is the preferred cell for infection with bovine leukosis virus? 

a. T-lymhocytes 

b. B-lymphocytes 

c. Dendritic cells 

d. M cells 

 

5. The most common method of transmission Mycobacterium bovis in cattle is by? 

a. Ingestion 

b. Inhalation 

c. Wound infection 

d. Arthropod bite 
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CASE I:   

 

Signalment:  

3-year-old, female spayed domestic short 

hair, feline (Felis catus) 

 

History:  

This patient had a history of unspecified res-

piratory problems and presented to the refer-

ring veterinarian in an agonal state. Prior to 

presentation, the cat developed sudden 

breathing difficulties followed by collapse. 

 

Gross Pathology:  

Gross examination reveals a carcass with a 

body condition score of 4 out of 5, mild de-

hydration and mild autolysis. The lungs have 

a moderate, diffuse, cobblestone appearance 

and are meaty with patchy red to dark red dis-

coloration. On section, a small amount of mu-

coid, pale yellow material can be expressed 

from many bronchioles. There is a large 

amount of this material in the bronchi and 

distal two thirds of the trachea. 

 

Microscopic Description:  

Lung:  The pulmonary architecture is dis-

rupted by widespread fibrosis affecting the 

axial interstitium and many alveolar septa, 

creating pseudolobulation with frequent mul-

tifocal alveolar emphysema (‘honeycomb-

ing’). Multiple alveolar septa are lined by 

pleomorphic, commonly low columnar epi-

thelial cells with reactive nuclei (alveolar epi- 

thelial metaplasia) and there is type II  

 

 

 

 

 

 

 

 

 

 

 

pneumocyte hyperplasia. There are scattered 

foci of smooth muscle hyperplasia inter-

mixed with the fibrous connective tissue. 

Variable cellular infiltrates, consisting 

mostly of  neutrophils and macrophages, are 

present in alveoli rimming obliterated bron-

chioles.  Bronchioles are filled with mucus 

and tend to be either denuded or lined by a 

mix of cuboidal and squamous epithelium. 

 

Contributor’s Morphologic Diagnosis:  

Lung: Severe, chronic, bronchointerstitial 

pneumonia with marked alveolar septal and 

interstitial fibrosis, emphysema, alveolar ep-

ithelial columnar metaplasia, type II pneumo-

cyte hyperplasia, and cuboidal to squamous 

metaplasia of bronchiolar epithelium. 

 

 
Figure 1-1. Lung, cat. In this section of lung, 
there is a nodularity to the parenchyma with 
areas of fibrosis and loss of architecture alter-
nating with areas in which the alveolar septa 
are expanded and alveoli are variably ectatic 
(“honeycombing”). (HE, 6X) 
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Figure 1-2. Lung, cat. Diffusely throughout 
the section, alveolar septa are expanded by 
collagen and fibroblasts, macrophages, and 
fewer neutrophils, and are often lined by 
type II pneumocytes. (HE, 121X) 

Contributor’s Comment:  

The histologic appearance of the lung is con-

sistent with feline idiopathic pulmonary fi-

brosis. Key histologic features of this uncom-

mon condition as seen here include: 1) inter-

stitial fibrosis with foci of fibroblast/myofi-

broblast proliferation, 2) columnar metapla-

sia of alveolar epithelium with type II pneu-

mocyte hyperplasia (in some cases, mucous 

cell metaplasia is also common, but not seen 

in our case) and 3) smooth muscle hyper-

plasia/metaplasia.1-3,5 This is similar to the 

histologic changes seen in idiopathic pulmo-

nary fibrosis in humans.5 This condition typ-

ically affects middle to older aged cats, alt-

hough it has also been reported in cats under 

three years of age.1-5 Presenting signs are 

largely respiratory related and include cough-

ing, open mouth breathing, increased respira-

tory effort and rate, and respiratory distress.1-

5 Prognosis is usually poor and most individ-

uals pass away within a year of presenting 

with respiratory signs despite treatment with 

steroids, bronchodilators, antibiotics and diu-

retics.1-5 The cause for the condition is un-

known, although a defect in type II pneumo-

cyte development and function has been pro-

posed.1,5 

 

Contributing Institution:  

Oregon State University 
Corvallis, OR 97331 

https://vetmed.oregonstate.edu/diagnostic 

JPC Diagnosis: 

Lung: Fibrosis, interstitial, diffuse, severe, 

with neutrophilic and histiocytic alveolitis, 

and smooth muscle and type II pneumocyte 

hyperplasia. 

 

JPC Comment:   

Feline idiopathic pulmonary fibrosis (FIPF) 

is one of several pulmonary diseases of vet-

erinary importance that are characterized by 

fibrosis of the alveolar septa. Others include 

pulmonary fibrosis of West Highland Terri-

ers, canine pulmonary fibrosis disease of un-

known etiology, and equine multinodular 

pulmonary fibrosis, a helpfully named dis-

ease associated with equine herpesvirus-5. 

 

As the contributor notes, the key histologic 

findings of FIPF include interstitial fibrosis 

with foci of fibroblasts or myofibroblasts, 

honeycombing of alveoli with alveolar epi-

thelial metaplasia, and alveolar interstitial 

smooth muscle metaplasia.1 These changes 

occur without a significant interstitial inflam-

matory infiltrate. The expansion of alveolar 

septa by fibrous connective tissue and 

smooth muscle leads to decreased pulmonary 

compliance, and the resulting pattern of res-

piratory distress is typically inspiratory or  

mixed inspiratory/expiratory. This distin-

guishes FIPF clinically from the more com-

mon bronchial-centered disorders in cats,  

 

 
Figure 1-3. Lung, cat. Regionally, alveoli are 
lined by type II pneumocytes and contain 
large numbers of alveolar macrophages, 
fewer neutrophils, and cellular debris.  (HE, 
145X) 



96 
 

 
Figure 1-4. Lung, cat. Regionally, the fibrosis 
effaces alveolar architecture.  (HE, 145X) 

 

such as asthma and chronic bronchitis, which 

are characterized by expiratory distress.1 

 

Definitive diagnosis of FIPF requires the 

demonstration of the previously described ar-

chitectural and fibrous changes via histo-

pathology. Published cases that include radi-

ographic results report pronounced patchy to 

diffuse changes on thoracic radiographs, but 

the described changes are nonspecific and a 

mix of radiographic patterns has been de-

scribed.1-3 Bronchioalveolar lavage and fine 

needle aspirates can be used to rule out infec-

tious causes for the clinical signs, but are un-

able to rule in a diagnosis of FIPF.1  

 

While ante-mortem pulmonary biopsy can be 

useful for definitive diagnosis, care should be 

taken as up to 24% of cats in one study had 

concomitant pulmonary neoplasia, typically 

in areas of marked fibrosis.1,4 This associa-

tion is also seen in human cases of idiopathic 

pulmonary fibrosis, and when sampled as 

part of ante-mortem biopsy, pulmonary ma-

lignancy may complicate recognition of the 

concurrent FIPF which is often the primary 

cause of respiratory symptoms.1,4  

 

Standard empiric therapies for feline respira-

tory disease, such as corticosteroids, rarely 

result in clinical improvement of FIPF pa-

tients, and a robust understanding of the dis-

ease pathogenesis is needed before therapeu-

tic targets can be identified. Future treatments 

are likely to be focused on pharmacologic 

modulation of fibroblast-pulmonary 

parenchymal cell interactions, including 

TGF-β antagonists, inhibition of collagen-

synthesis enzymes, and matrix metallopro-

teinase activity enhancement.1 

 

This week’s conference was moderated by 

MAJ Alicia Moreau, Chief of Education and 

Training and the Joint Pathology Center. 

MAJ Moreau discussed the terminology used 

to describe this condition in the veterinary lit-

erature. Of particular interest was the use of 

the term “alveolar epithelial metaplasia,” 

which is often used as a key histologic feature 

of this entity. Participants felt this term was 

inconsistently or rarely defined in the litera-

ture, but in practice is often used to mean type 

II pneumocyte hyperplasia. Similar inconsist-

encies were noted with the term “honey-

combing,” which is defined differently de-

pending on the source; however, most defini-

tions contemplate confluent airspaces lined 

by cuboidal or hyperplastic epithelium and 

surrounded by fibrosis. 

 

Conference participants felt that the defining 

histologic characteristic of this condition was 

the abundant fibrosis. Consequently, the JPC 

morphologic diagnosis leads with fibrosis 

while still acknowledging the mild inflamma-

tory infiltrates present within the alveoli. 

 

 
Figure 1-5. Lung, cat. A Masson’s trichrome 
demonstrates the extent of the fibrosis in 
the section.  (HE, 145X) 
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CASE II:  

 

Signalment:  

4-year-old, male neutered Borzoi, canine 

(Canis lupus familiaris) 

 

History:  

The patient presented for unlocalized pain 

and frequent episodes of vocalization and 

was diagnosed with discospondylitis of the 

L3-L4 vertebrae. Surgical stabilization was 

performed and the dog was discharged with 

pain relief and empirical antibiotics. After in-

itial improvement, the dog started to display 

pain and developed polyuria. Radiographs re-

vealed a lytic lesion at the C4-C5 region. Az-

otemia with proteinuria developed, and cyto- 

logical examination of the urine revealed  

 
Figure 2-1. Kidney, dog.  Enlargement of the 
right kidney with multifocal, 4-6 mm, white 
plaques on the cortical surface (fungal granu-
lomas), and variably sized areas of hemor-
rhage.  (Photo courtesy of: Massey University 
School of Veterinary Science, https://www. 
massey.ac.nz/about/colleges-schools-and-
institutes/college-of-sciences/school-of-vet-
erinary-science/) 

 

numerous fungal hyphae. Culture of blood 

and urine was positive for Rasamsonia (Ge-

osmithia) argillacea. Itraconazole therapy 

was implemented, but the patient declined 

rapidly and was euthanized.  

 

Gross Pathology:  

The patient was in a fresh state of preserva-

tion and poor body condition (BCS 2/9; total 

body weight 19kg), with generalised muscu-

lar atrophy and severe dehydration. Gross ex-

amination revealed enlargement of the right 

kidney with multifocal 4-6mm white plaques 

on the cortical surface interspersed with mul-

tifocal, variably sized areas of hemorrhage. 

There was severe bilateral pyelonephritis, 

with pyonephrosis of the right kidney. Multi-

ple raised, pale, variably sized nodules were 

present in the splenic parenchyma and in two 

mesenteric lymph nodes. There was disco-

spondylitis of the lumbar spine at the L3-L4 

junction, and osteomyelitis of the cervical 

spine at the C4-C5 region. The lungs ap-

peared normal and no other abnormalities 

were noted.  
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Figure 2-2. Kidney, dog. Severe bilateral pye-
lonephritis, with pyonephrosis of the right 
kidney. (Photo courtesy of: Massey Univ-
ersity School of Veterinary Science) 

Laboratory Results: 

Rasamsonia (Geosmithia) argillacea was 

cultured from urine and blood.  

 

Microscopic Description:  

Kidney: Multifocally throughout the cortex, 

glomeruli and tubules are surrounded and re-

placed by numerous fibroblasts and abundant 

eosinophilic collagen bundles (interstitial fi-

brosis). Tubular epithelial changes include 

marked epithelial degeneration and necrosis 

characterized by swollen, vacuolated epithe-

lial cells and shrunken hypereosinophilic, 

pyknotic cells, respectively. Deeply baso-

philic granular material (mineral), or bright 

eosinophilic homogenous material (protein) 

is present within the lumen of many tubules. 

Multifocally within the cortex are large ag-

gregates of macrophages, lymphocytes, and 

plasma cells which surround large regions of 

amorphous eosinophilic material (fibrin), cel-

lular debris, and 5-10µm diameter, fine, par-

allel walled, occasionally branching, septate 

hyphae and 5-7µm diameter conidia. These 

frequently appear adjacent to arcuate arteries 

and veins, with numerous PAS positive hy-

phae disrupting and invading the endothe-

lium (angioinvasion) with marked endothe-

lial necrosis characterized by shrunken, hy-

pereosinophilic pyknotic cells, and destruc-

tion of the adventitia and tunica media. 

Within the renal pelvis, a large area of am-

phophilic necrotic debris is admixed with 

abundant PAS positive fungal hyphae and co-

nidia. Multifocally throughout the cortex and 

medulla there are interstitial aggregates of 

lymphocytes and plasma cells.  

 

Similar granulomatous inflammation, with 

PAS-positive fungal hyphae and conidia, is 

present within the mesenteric lymph nodes, 

spleen, and lumbar vertebral segment (not 

submitted).  

 

Contributor’s Morphologic Diagnoses: 

1. Kidney: Nephritis, interstitial, granulom-

atous, chronic, multifocal, severe, with 

numerous PAS positive fungal hyphae 

and conidia, angioinvasion and marked 

interstitial fibrosis with cortical tubular 

degeneration and necrosis, acute, multi-

focal, marked. 

2. Kidney: Pyelonephritis, chronic, granu-

lomatous, with numerous PAS positive 

fungal hyphae and conidia. 

 

 

 
Figure 2-3. Kidney, dog. At subgross magn-
ification, a large mat of fungus expands the 
renal pelvis, there are multiple chronic 
infarcts with flattening of the subcapsular 
surface, and cellular infiltrates around the 
arcuate arteries. (HE, 5X) 
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Figure 2-4. Kidney, dog. A GMS stain 
demonstrates a large mat of fungal hyphae 
within the renal pelvis.  (GMS, 100X) 

Contributor’s Comment:  

Here we present a case of disseminated sys-

temic fungal infection with Rasamsonia ar-

gillacea. Fungal pyelonephritis with systemic 

dissemination is an uncommon clinical 

presentation in dogs, with the most common 

fungal isolate in canine pyelonephritis being 

Aspergillus spp., with A. terreus and A. re-

flectus the most frequently reported spe-

cies.2,4,8 Cryptococcus spp., Candida spp., 

Penicillium spp., Paecilomyces spp.,  

Sagenomella spp., as well as systemic phaeo-

hyphomycosis, are less commonly re-

ported.1,5  

 

In dogs, disseminated mycoses can clinically 

manifest as weight loss, lethargy, discospon-

dylitis, osteomyelitis, urinary tract infections, 

polyuria, polydipsia, ophthalmitis, head tilt 

and gait difficulties.4 

 

Rasamsonia is a recently described genus of 

saprobic thermotolerant fungal organisms of 

the Trichocomaceae family.3 These are 

nonpigmented filamentous fungi and include 

four species that share phenotypic and ge-

netic similarities: R. argillacea, R. eburnean, 

R. piperina, and R. aegroticola.3 These fungi 

were previously classified as Geosmithia and 

Talaromyces, however recent studies reclas-

sified the fungus as Rasamsonia based on ge-

netic sequencing.6,7  

 

The first case of disseminated Rasamsonia 

(referred to as Geosmithia argillacea) in hu-

mans or animals was reported in a German 

Shepherd.5 German Shepherds appear 

overrepresented, perhaps owing to their sus-

ceptibility to disseminated fungal disease, 

particularly with Aspergillus spp.2,9 IgA defi-

ciency has been suggested as a possible pre-

disposing factor for disseminated aspergillo-

sis in this breed.11,10 Other factors that may 

contribute to the German Shepherd’s suscep-

tibility to systemic fungal mycoses include 

depressed IgM responses or impaired mito-

gen-induced lymphocyte transformation.11 In 

regard to R. argillacea infection, one study 

reported that five of eight dogs with R. argil-

lacea were German Shepherds and six were 

spayed females.3 

 

To our knowledge this is the first report of 

Rasamsonia (Geosmithia) argillacea causing 

disseminated disease in a dog in New Zea-

land or Australia. Due to the scant number of 

reported cases, the pathogenesis of R. argil-

lacea infection is not well established. In 

most cases of systemic fungal mycoses, the 

portal of entry is usually unknown.4 The most 

common portal of entry for fungal infections 

is the respiratory tract via inhalation, which 

then allows systemic spread after an initial 

respiratory infection.4 Based on studies in-

volving Aspergillus spp., the cycle begins 

with deposition of fungal conidia from the 

environment in the respiratory system.4 Fun-

gal species such as Paecilomyces spp. have 

also been reported to produce in vivo conidia, 

and these, along with the secondary spores 

produced, facilitate hematogenous spread.4 

 

The portal of entry could not be identified in 

this case, which is consistent with the re-

ported literature.4 The presenting complaint 

of lumbar spinal pain with discospondylitis 

was the first indication of any clinical disease 

in this dog. The dog had a prior bout of sus-

pected kennel cough, but this was over 12  
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Figure 2-5. Kidney, dog. There is necrotizing 
arteritis of the arcuate arteries with extru-
sion of abundant pink proteinaceous mate-
rial into the media and innumerable necrotic 
neutrophils in the media and adventitia.  (HE, 
62X) 

 

months prior to the presentation of lumbar 

spinal pain, so perhaps this is where the initial 

infection was acquired. It is also possible that 

the infection was first acquired via the uri-

nary tract, which then lead to pyelonephritis 

and systemic spread. Primary fungal pyelo-

nephritis in dogs is only rarely reported.5 In 

one case report, unilateral pyelonephritis was 

reported, with no evidence of systemic 

spread, indicating a possible ascending infec-

tion from the urinary tract.5 In another case 

report, a primary fungal granuloma with Pae-

cilomyces variotii, with no other evidence of 

systemic involvement was reported.10 In both 

studies the primary route of entry could not 

be identified. It has also been suggested that 

immunosuppression due to other pathologi-

cal conditions or immunosuppressive therapy 

may play a role.4 

 

The gross and histological lesions in this case 

are astounding, with numerous fungal hy-

phae, granulomatous inflammation, angioin-

vasion and multinucleated giant cells within 

multiple organs. Rasamsonia argillacea ap-

pears to be an emerging pathogen in both hu-

man and animal medicine.3 With the increas-

ing reports in dogs, more research is needed 

to help further characterize Rasamsonia 

infections and to optimize diagnosis and 

treatment to improve overall prognosis.  

 

Contributing Institution:  

School of Veterinary Science 

Massey University 

Palmerston, North New Zealand 4442 

  

JPC Diagnosis: 

Kidney:  Pyelonephritis, necrotizing and sup-

purative, focally extensive, severe, with fi-

brinous and necrotizing arteritis, multiple in-

farcts, and innumerable fungal hyphae. 

 

JPC Comment:  

The contributor provides an excellent over-

view of Rasamsonia infection in dogs. 

Though case reports are scarce, recent reports 

suggest that disseminated Rasamsonia infec-

tions commonly cause lesions in the spinal 

column, central nervous system, kidneys, 

spleen, lymph nodes, lungs, and heart.3 

Rasamsonia is considered an emerging path-

ogen, though it is frequently misidentified as 

Penicillium and Paecilomyces spp. based on 

morphologic similarities, and the apparent in-

crease in incidence may be due, in part, to in-

creased use of more accurate molecular spe-

ciation techniques in recent years.  

 

 
Figure 2-6. Kidney, dog. A GMS stain demon-

strates numerous fungal hyphae in the ne-

crotic arcuate arterial wall. (HE, 100X) 
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This case is typical, in that the presenting 

complaint is often spinal pain due to Rasam-

sonia discospondylitis. Imaging studies of 

these patients typically reveal sclerotic and 

lytic vertebral lesions, most commonly in the 

thoracic spine.3 These radiographic findings 

are similar to those in the relatively more 

common condition of disseminated aspergil-

losis, where approximately half of affected 

dogs show radiographic signs of discospon-

dylitis.9 Treatment in these cases is generally 

unsuccessful due to fungal resistance to 

available antifungal medications and the 

questionable ability of these medications to 

penetrate all affected tissues.5 

 

In conference, discussion centered on the 

acute versus chronic nature of the observed 

histologic lesions. Large confluent areas of 

coagulative necrosis are present adjacent to 

the renal pelvis and in wedges extending 

from the medulla to the cortex. There are also 

extensive areas of fibrosis which represent 

more chronic insults arising from the damage 

to the arcuate arteries. Discussion also fo-

cused on the morphology of the dazzling fun-

gal hyphae present in the renal pelvis and in 

arterial walls. Participants discussed differen-

tials, including Candida spp. and Penicillium 

spp., and the need for fungal culture to iden-

tify the organism definitively.  
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CASE III:   

 

Signalment:  

11-year-old, male intact common marmoset, 

primate (Callithrix jacchus) 

 

History:  

This male marmoset’s clinical history in-

cluded significant weight loss, poor body 

condition, chronic intermittent diarrhea, and 

progressive reticulocytosis, thrombocytosis, 

and hypoalbuminemia. Diagnostic evaluation 

ruled out infection by Giardia spp.,  
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Figure 3-1.  Duodenum, common marmoset.  
The small intestine from the level of the 
pylorus and extending distally 8cm was pale 
and thickened, measuring up to 7mm on 
cross section. (Photo courtesy of:  Johns 
Hopkins University, Department of 
Molecular and Comparative Pathobiology, 
https://mcp.bs.jhmi.edu/) 

Klebsiella pneumoniae, Campylobacter coli, 

C. jejuni, Salmonella spp., and Shigella spp., 

and revealed two biotypes of E. coli on fecal 

culture. Late in the disease course, there was 

radiographic evidence of an expansile lesion 

of the left patella. Treatment with nutritional 

support, antimicrobials, and immunomodula-

tory medications yielded minimal and transi-

ent improvement. 

 

Gross Pathology:  

Gross postmortem evaluation demonstrated 

little to no subcutaneous, visceral, or perire-

nal adipose tissue. Within all lung lobes were 

innumerable coalescing, firm, tan nodules, 

measuring up to 4 mm in diameter. The small 

intestine from the level of the pylorus and ex-

tending distally 8 cm was paler than the more 

normal, aborad, intestine. There was trans-

mural thickening of the proximal duodenum, 

measuring up to 7 mm on cross section.  

 

 

Laboratory Results: 

Significant clinical pathology values: throm-

bocytosis (1,042 k/μL) and hypoalbu-

minemia (2.9 g/dL).  

 

Microscopic Description:  

Effacing and replacing approximately 75-

80% of the pulmonary parenchyma are mul-

tiple neoplastic masses that are moderately 

well-demarcated, nonencapsulated, moder-

ately cellular, and highly infiltrative. Neo-

plastic cells are arranged in a lepidic growth 

pattern along pre-existing alveolar septa and 

also form disorganized acini and clusters. Al-

veoli are expanded by lakes of mucin with 

paucicellular neoplastic cells aligned along 

remnant alveolar septa. Neoplastic cells are 

round to polygonal with variably distinct cell 

borders and frequently exhibit large intra-

cytoplasmic clear vacuoles which marginate 

the nucleus (signet ring cells).  

 

The nuclei contain one to three variably 

prominent eccentric nucleoli. The remainder 

of the cytoplasm is granular and moderately 

to deeply basophilic. Anisocytosis and aniso-

karyosis are moderate, and mitoses are rarely 

observed. Neoplastic cells are frequently 

clustered around medium sized vessels and  

 

 
Figure 3-2. Lungs, common marmoset.  Nu-
merous nodules are present within all lung 
lobes, measuring up to 4mm. (Photo courtesy 
of:  Johns Hopkins University, Department of 
Molecular and Comparative Pathobiology) 



103 
 

 

Figure 3-3. Lung, common marmoset.  At sub-
gross magnification, coalescing nodules of 
neoplasia are present within all cross-sec-
tions of lung. (Photo courtesy of:  Johns Hop-
kins University, Department of Molecular 
and Comparative Pathobiology)(HE, 2x) 

expand and disrupt the tunica media and ad-

ventitia. There is moderate infiltration of ne-

oplastic foci and alveoli with large foamy al-

veolar macrophages containing mucin and 

fewer lymphocytes. Alveoli frequently con-

tain small amounts of eosinophilic proteina-

ceous fluid (edema) and fibrin. Alveolar 

septa are expanded in multiple areas by neo-

plastic cells, collagen fibers, edema, and in-

flammatory cells including lymphocytes and 

macrophages.  

 

Contributor’s Morphologic Diagnosis:  

Lung: Metastatic duodenal mucinous adeno-

carcinoma. 

 

Contributor’s Comment:  

This marmoset was euthanized following 

chronic clinical decompensation that was un-

responsive to medical management. The clin-

ical differential diagnoses in this case in-

cluded Marmoset Wasting Syndrome 

(MWS), infectious enteropathies, and enteric 

neoplasia due to the thin body condition, di-

arrhea, bony lesions, and progressive hypoal-

buminemia. Proximal duodenal mucinous ad-

enocarcinoma with both local invasion and 

distant metastasis was diagnosed in this case, 

and wasting was attributable to chronic neo-

plastic and inflammatory changes of the 

intestine which likely impaired absorption 

and resulted in malnourishment.   

 

Reports of small intestinal adenocarcinomas 

are uncommon in the gastrointestinal tract of 

aged nonhuman primates despite those of the 

large intestine being among the most fre-

quently observed.1,2,8,9 One limited case se-

ries and infrequent case reports have docu-

mented small intestinal adenocarcinomas in 

the marmoset.1,3  

In marmosets, small intestinal adenocarcino-

mas typically begin as carcinomas in situ at 

the level of the jejunum or ileum before infil-

trating the intestinal wall, and histology often 

demonstrates signet ring morphology and 

mucinous matrix.3,4 Local invasion and me-

tastasis to mesenteric lymph nodes were re-

ported in 6/10 cases of marmoset small intes-

tinal adenocarcinoma, but distant metastases 

were not noted.3 

 

The proximal duodenal localization in this 

case is atypical, as is the extensive metastatic 

disease.  In this case, metastases were noted 

in the lungs, liver, and parapatellar adipose.6 

Additionally, the primary tumor and all me-

tastases demonstrated absent to attenuated 

expression of pancytokeratin, indicating ac-

tive neoplastic epithelial-mesenchymal tran- 

 

 
Figure 3-4. Lung, common marmoset. 
Neoplastic epithelial cells are present in nests 
and poorly formed glands and line alveolar 
septa.  Alveolar lumina are often filled with 
mucin. (Photo courtesy of:  Johns Hopkins 
University, Department of Molecular and 
Comparative Pathobiology) (HE, 131X) 
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Figure 3-5.  Lung, common marmoset. High 
magnification of neoplastic cells with abun-
dant cytoplasmic mucus. (Photo courtesy of:  
Johns Hopkins University, Department of 
Molecular and Comparative Pathobiology) 
(HE, 131X) 

sition and suggesting a poorer prognosis.6 

This case highlights the importance of con-

sidering infiltrative adenocarcinoma as a dif-

ferential in captive marmosets exhibiting re-

fractory weight loss and diarrhea. 

 

Contributing Institution:  

Johns Hopkins University 

Department of Molecular and Comparative 

Pathobiology 

Baltimore, MD 21230 

https://mcp.bs.jhmi.edu/ 

 

JPC Diagnosis: 

Lung: Mucinous adenocarcinoma, meta-

static.   

 

JPC Comment:   

Adenocarcinomas arising in the small and 

large intestines of marmosets are rare and are 

thought to share a similar pathogenesis: 

dysregulation of the Wnt/ β-catenin signaling 

pathway.4 This pathway is an evolutionarily 

conserved signaling cascade that regulates 

myriad cellular processes, including cell pro-

liferation, differentiation, and apoptosis.7 Un-

der normal homeostatic conditions, β-catenin 

is subject to constitutive phosphorylation me-

diated by a complex of proteins, including the 

tumor suppressor gene product adenomatous 

poliposis coli (APC). The phosphorylation of 

β-catenin leads to its ubiquitination and sub-

sequent proteosomal degradation, and pre-

vents its accumulation in the cytosol.7  

 

The activation of the canonical Wnt/ β-

catenin pathway begins with the binding of 

the signaling ligand Wnt to Frizzled receptors 

at the plasma membrane. This binding re-

cruits a variety of intracellular signaling pro-

teins, including Disheveled and the APC 

complex, to the Frizzled receptor and inhibits 

the constitutive phosphorylation of β-catenin. 

Released from inhibition, β-catenin then ac-

cumulates in the cytosol, translocates to the 

nucleus, and activates Wnt-dependent gene 

expression.7 In human colorectal cancers, this 

signaling sequence is most commonly per-

turbed by loss-of-function mutations in APC, 

leading to loss of β-catenin phosphorylation 

and degradation and, consequently, to un-

checked cellular proliferation. 

 

β-catenin also exerts influence outside of the 

Wnt signaling pathway through its interac-

tions with cadherins, transmembrane proteins 

that mediate cell adhesion by linking the actin 

cytoskeletons of neighboring cells. β-catenin 

binds to the cytosolic domains of cadherins 

and stabilizes these normal cell to cell an-

choring interactions. An increase in cytosolic 

β-catenin upsets this balance and can result in 

loss of cohesion among cells, a necessary 

precondition for metastasis.4 

 

Though similar oncogenic mechanisms are at 

work throughout the intestinal tract, adeno-

carcinomas are far more likely to arise in the 

large intestine than in the small intestine.  

 

Factors currently thought to account for this 

disparity include: the faster transit time of di-

gesta through the small intestine which de-

creases exposure to toxins when compared to 

the large intestine; the higher levels of IgA 

and mucosal-associated lymphoid tissue 

providing immune surveillance in the small  



105 
 

 
Figure 3-6.  Lung, common marmoset.  Neo-
plastic cells demonstrate strong cytoplasmic 
positivity for cytokeratin. (anti-AE1/AE3, 
100X) 

intestine; and the increased distance between 

small intestinal crypt stem cells and the intes-

tinal lumen which decreases exposure to lu-

minal carcinogens.4   

 

This case provoked a robust discussion 

among conference participants, several of 

whom felt they could not definitively rule out 

a primary pulmonary origin for this tumor. 

Immunohistochemical stains for TTF-1 and 

AE1/AE3 were examined during conference 

and largely served to confound. Though the 

contributor reported absent or attenuated pan-

cytokeratin immunoreactivity, AE1/AE3 

staining performed at the Joint Pathology 

Center revealed diffuse, strong cytoplasmic 

reactivity within the neoplastic cell popula-

tion (Fig 3-6). The neoplastic cells were dif-

fusely negative for TTF-1, a marker of pri-

mary pulmonary adenocarcinoma; however, 

there are case reports of TTF-1 negative pri-

mary pulmonary mucinous adenocarcino-

mas, including one recent case report in a 

marmoset.5 Ultimately, the morphology of 

the tumor and the multifocal distribution in 

the lungs convinced participants that the tu-

mor represented metastatic disease. Partici-

pants also briefly discussed the signet ring 

cells found through this section. Though in-

teresting, signet ring cell morphology can 

also be found in melanomas and squamous 

cell carcinomas, among other tumors, and has 

no known prognostic significance. 
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CASE IV:  

 

Signalment:  

12-day-old, Charolais bull, bovine (Bos tau-

rus) 

 

History: 

The calf was unwell for 1 week and unable to 

suck with no response to antibiotic treatment. 

Only one calf was affected.   

 

Gross Pathology:  

The patient weighed 50 kg and was in age-

appropriate body condition. Bilaterally the 

kidneys were tan-grey with an uneven sub-

capsular surface featuring multifocal pin-

point indentations. The calyces were oedem-

atous.  

Laboratory Results: 

Urinalysis: Glucose = 14mml/l; Specific 

Gravity = 1.030; Protein = 2g/l; pH = 6; 

moderate number of nitrates; no leucocytes, 

urobilinogen, or RBCs.  

Liver selenium: 71.50 umol/kg (normal 

range =5-20 umol/kg). 

Zinc Sulphate Turbidity: Adequate colostral 

immunity.  

Microscopic Description:  

Kidney: The cortex is diffusely and markedly 

disrupted by large numbers of cystic spaces 

up to 120 um in diameter lined by a mono-

layer of cuboidal epithelium that is multifo-

cally exfoliated and floating freely within  

 
Figure 4-1. Kidney, calf. Bilaterally the kid-
neys were tan-grey with an uneven subcap-
sular surface featuring multifocal pinpoint in-
dentations. The calyces were oedematous. 
(Photo courtesy of: Veterinary Sciences Cen-
tre, School of Veterinary Medicine, Univer-
sity College Dublin, Belfield, Dublin 4, Ireland, 
http://www .ucd.ie/vetmed/)  

 

these cystic lumens (autolysis). These cysts 

are separated by a large amount of fibro-myx-

oid, oedematous stroma that is composed of 

collagen bundles and plump fibroblasts. Mul-

tifocally, and predominantly within the cor-

tex, are variably sized areas that exhibit pale 

eosinophilic, glassy, loose stroma with scat-

tered stellate cells (primitive mesenchyme). 

Multifocally the glomeruli are small and 

mildly to moderately hypercellular with oc-

casionally mildly thickened Bowman’s cap-

sules. Multifocally some glomeruli are irreg-

ularly lobulated. Multifocally the cortical tu-

bules exhibit a small amount of luminal radi-

ating achromatic crystalline material that is 

birefringent under polarized light (calcium 

oxalate crystals). Multifocally some of the 

cortical tubular epithelium exhibits a small 

amount of yellow, globular intracytoplasmic 

pigment. Multifocally medullary tubules ex-

hibit dark basophilic epithelium that occa-

sionally undergoes ‘piling up.’ Multifocally 

lumens within the medulla exhibit a small 

amount of eosinophilic, homogenous to 

glassy material (protein casts). Very rarely 

some of the tubules at the cortico-medullary 

junction exhibit ciliated epithelium  
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Figure 4-2. Kidney, calf. There is marked loss 
of tubules and remaining tubules are mark-
edly ectatic. There are linear rays of fibrosis 
extending downward into the medulla which 
contain numerous fetal glomeruli and few 
sclerotic tubules. (HE, 27X) 

 

(persistent mesonephric ducts). Multifocally 

interstitial blood vessels exhibit mildly thick-

ened tunica media. Multifocally the stroma is 

infiltrated by small to moderate numbers of 

lymphocytes and plasma-cells (interstitial ne-

phritis). 

 

Contributor’s Morphologic Diagnoses:  

1. Kidney: Asynchronous maturation, inter-

stitial fibrosis, with fetal glomeruli, im-

mature tubules, primitive mesenchyme, 

persistent metanephric ducts, consistent 

with renal dysplasia. 

2. Kidney: Lymphoplasmacytic nephritis, 

chronic, mild.  

Contributor’s Comment:  

Renal dysplasia is defined as disorganised 

development of renal parenchyma due to 

anomalous differentiation and has been de-

scribed in numerous species including hu-

mans, sheep, pigs, cats, horses and, most fre-

quently, dogs.2,11 The cause(s) of renal dys-

plasia are not well understood but are likely 

to be multifactorial and in some cases are 

considered congenital.2 Proposed causes in-

clude genetic mechanisms, as well as in-utero 

infections and deficiencies affecting fetal de-

velopment. Renal dysplasia has been identi-

fied in multiple dog breeds including the 

Golden Retriever, Beagle, Lhasa Apso, Great 

Dane, Dutch Kooiker dog, Samoyed, Alas-

kan Malamute, Cavalier King Charles Span-

iel and Bulldog.1,7,11,13 Renal dysplasia with 

hepatic fibrosis was described in Norwich 

terriers with INPP5E splice site variant caus-

ing lethal ciliopathy.3 Examples of fetal in-

fections resulting in renal dysplasia include 

panleukopenia virus in cats, canine herpes vi-

rus in dogs and BVDV infection in cattle.10 

In pigs, hypovitaminosis A is considered a 

cause of renal dysplasia.2  

 

The gross presentation of the kidneys of af-

fected animals varies, but affected kidneys 

are usually small, misshapen, fibrosed, and 

feature multiple cysts and tortuous ureters. 

One or both kidneys may be affected in an in-

dividual. In some cases, dysplastic kidneys 

show only minimal gross changes, such as 

having a slightly irregular contour.2 The his-

topathological criteria to achieve a diagnosis 

of renal dysplasia include:  

 

1. The presence of anomalous or unde-

veloped structures;  

2. The presence of undifferentiated mes-

enchyme in the cortex or medulla; 

3. Groups of immature glomeruli in 

non-neonatal animals; 

4. Lack of glomeruli or tubules in some 

lobes of the kidneys;  

5. Collecting tubules with blind ends 

within cortical connective tissue; 

6. Atypical tubular epithelium; 

7. The presence of primitive (metaneph-

ric) ducts lined by cuboidal or colum-

nar epithelium; and  
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8. Dysontogenic (cartilaginous or osse-

ous) metaplasia, mainly seen in hu-

mans.2  

 

Because ureteral anomalies are often present 

in cases of renal dysplasia, dysplastic kidneys 

are also highly susceptible to developing py-

elonephritis. Various forms of renal dysplasia 

and nephropathy have been described in ru-

minants, including: renal dysplasia in Japa-

nese black cattle;12 autosomal dominant 

cystic renal dysplasia in Suffolk sheep;8 renal 

dysplasia with hydronephrosis and congeni-

tal ureteral strictures of unknown cause in 

two Holstein-Friesian calves;15 immune me-

diated mesangiocapillary glomerulonephritis 

in Finnish Landrace lambs (cause unknown 

but thought to represent a recessive, inherited 

defect of the complement system);5 nephrop-

athy in Japanese black cattle caused by a 

claudin 16 gene deletion mutation;6 and fa-

milial glomerulopathy and peripheral neu-

ropathy in Gelbvieh cattle.9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cause of the renal dysplasia in the case 

presented here remains unknown. Both calf 

and dam were negative for BVDV and no ab-

normalities were found in other tissues. The 

significance of the very high liver selenium 

concentration remains unclear.  

 

Contributing Institution:  

Veterinary Sciences Centre 

School of Veterinary Medicine 

University College Dublin 

Belfield, Dublin 4, Ireland 

http://www.ucd.ie/vetmed/ 

 

JPC Diagnosis: 

Kidney: Asynchronous maturation with fetal 

glomeruli, tubular loss, marked interstitial fi-

brosis, and mild lymphoplasmacytic intersti-

tial nephritis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3. Kidney, calf: Normal cortical architecture is replaced by large ectatic tubules separated 
by areas of fibrosis and fetal glomeruli. The change is largely restricted to the cortex. (HE, 87) 
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JPC Comment:   

Renal dysplasia is a broad term that encom-

passes a range of gross and histologic abnor-

malities caused by development gone rogue.  

In mammals, two precursor kidneys are 

formed prior to the arrival, in the mature ani-

mal, of the metanephric kidney. The first is 

the pronephros, which contains primitive tu-

bules and a pronephric duct, that grows cau-

dally and terminates in the fetal cloaca.4 The 

tubules of the pronephros degenerate, but the 

pronephric duct persists as the mesonephric 

duct. The mesonephric duct, in turn, induces 

the formation of the mesonephric kidney, 

which consists of tubules that terminate in 

vascular proliferations arising from the dorsal 

aorta on one end and the mesonephric duct on 

the other. In amphibians and fish, the meso-

nephros becomes the functional mature kid-

ney. In reptiles, birds, and mammals, the 

mesonephros degenerates, setting the stage 

for the arrival of the metanephros.4 

 

The metanephric kidney beings as an evagi-

nation from the mesonephric duct, called the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ureteric bud.11 The ureteric bud moves crani-

ally and differentiates into the ureter, renal 

pelvis, and collecting ducts. The ureteric bud 

grows into a mass of mesenchymal cells 

known as the metanephrogenic mass or the 

metanephric blastema. As the ureteric bud 

successively divides into collecting ducts, 

these ducts induce nephrogenic differentia-

tion of the metanephric blastema. These 

proto-nephrons elongate, canalize and induce 

the formation of immature glomeruli at one 

end, and connect with the collecting ducts at 

the other. Nephrons continue to develop from 

deep to superficial within the kidney and, in 

some species, continue to form and mature 

after birth. 

 

The term renal dysplasia implies disorder of 

the complex interactions between the ureteric 

bud and the metanephric blastema, resulting 

in anomalous metanephric differentiation.11 

The contributor outlines several canonical 

histologic criteria, at least one of which must 

be present for a diagnosis of renal dysplasia. 

Two of these criteria, the presence of  

Figure 4-4. Kidney, calf. Segmentally in the cortex, there are rays of fibrous connective tissue extend-
ing to the capsule which contain numerous fetal glomeruli and atrophic tubules. (HE, 87) 
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Figure 4-5.  Kidney, calf.  Fetal glomerulus.  
(HE, 400X) 

metanephric ducts surrounded by primitive 

mesenchyme and the formation of dysonto-

genic tissues, both indicate total failure of the 

initial interaction between the ureteric bud 

and the metanephric blastema.11 In contrast, 

the presence of fetal glomeruli and tubules, 

the presence of persistent mesenchyme, and 

the presence of anomalous structures indicate 

that the induction of the metanephric blas-

tema was initiated but failed to undergo com-

plete differentiation.11 

 

As the contributor notes, ureteral anomalies 

are common in cases of renal dysplasia. This 

is unsurprising given the close developmental 

relationship between the kidney and the col-

lecting system.  Among the reported ureteral 

anomalies associated with renal dysplasia are 

ectopic ureters, ureteral obstruction with ac-

companying hydronephrosis, hydroureter, 

and congenital urothelial cell hyper-

plasia.10,14,15 

 

Conference discussion focused on the diffi-

culty of definitively identifying structures, 

such as persistent metanephric ducts or prim-

itive mesenchyme, amid the histologic noise 

present in a kidney as dysplastic as the sec-

tion examined in conference. While fetal glo-

meruli are more obvious, their presence can 

be a normal finding in the neonates of some 

species, such as dogs, in which renal devel-

opment continues through the first few weeks 

of life. 

 

Discussion also focused on the term “renal 

dysplasia,” which has fallen somewhat out of 

favor due to its relatively elastic meaning 

which has become somewhat overstretched 

over time due to inconsistent use. The cur-

rently proposed term, “renal maldevelop-

ment,” is meant to describe the disorganized 

development of renal parenchyma exempli-

fied by this case. The term “renal dysplasia,” 

while well-ensconced in the veterinary litera-

ture, should be thought of as an umbrella 

term, covering a heterogenous group of renal 

developmental anomalies. 
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WSC 2023-2024 

Conference 5 Self-Assessment 

1. In cases of feline idiopathic pulmonary fibrosis, aggregates of which of the following 

cell types is present? 

a. Neuroendocrine cells 

b. Clubb cells 

c. Myofibroblasts 

d. Endothelial cells 

 

2. Which of the following is the most likely to demonstrate the full triad of intestinal, 

liver, and heart lesions in Tyzzer’s disease 

a. Cows 

b. Horses 

c. Cats 

d. Rodents 

 

3. True or false:  Small intestinal mucinous adenocarcinomas are one of the most com-

mon neoplasms in aged NHPs? 

a. True 

b. False 

 

4. Renal dysplasia is most commonly seen in which of the following species? 

a. Cattle 

b. Cats 

c. Horses 

d. Dog 

 

5.  Concurrent abnormalities in which of the following are often seen in animals with re-

nal dysplasia? 

a. Bladder 

b. Ureter 

c. Urethra 

d. Prostate 
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CASE I:   

 

Signalment:  

9-month-old female Saker Falcon, avian 

(Falco cherrua)  

 

History:  

A 9-month-old female Saker Falcon kept in a 

zoo had been showing signs of fatigue during 

training and loss of appetite for a few weeks, 

but her weight was stable. She was mainly 

fed mice and a change of food to quail and 

chicks improved her appetite. She died a few 

hours following her daily training, from 

which she returned breathless. 

 

Gross Pathology:  

The pericardial sac contained 1 to 2 ml of 

translucent light yellow gelatinous material. 

The heart and the liver showed slight cardio-

megaly and hepatomegaly, respectively. A 

few epicardial petechiae were present on the 

ventral aspect of the heart. The peripheral 

connective tissues were turgid and moist 

(edema). The spleen was diffusely pale. The 

wall of the aortic arch was diffusely thick-

ened; the inner surface was irregular, wrin-

kled, and yellow. Lungs showed several ex-

tensive, poorly demarcated dark red patches, 

interpreted as congestion and/or hemor-

rhages. 

Laboratory Results: 

PCR for highly pathogenic avian influenza 

virus (M gene): Negative. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Aorta, falcon. The wall of the aor-
tic arch is diffusely thickened; the inner sur-
face is irregular, wrinkled, and yellow. (Photo 
courtesy of: Laboratoire d’histopathologie 
animale, Vetagro Sup, campus vétérinaire, 
http://www.vetagro-sup.fr/)  

 

Microscopic Description: 

Brachiocephalic trunks, aortic arch, caudal 

aorta: The intima and subintimal media of ar-

terial walls are diffusely and irregularly 

thickened by the accumulation of numerous 

large foamy cells, cholesterol clefts, large 

amorphous non-staining lipid deposits, and 

dense collagen (fibrosis). Occasionally, there 

are multifocal deposits of hyperbasophilic 

coarse granular material (mineralization) and 

cells located in lacunae within a chondroid 

matrix (chondroid metaplasia). The arterial 

lumen is often greatly reduced in diameter or 

almost absent (sub-occlusion). The adventitia 

is multifocally infiltrated by a small to mod-

erate number of lymphocytes and plasma 

cells, and rare macrophages and Mott cells, 

which are occasionally accompanied by the 

accumulation of a variable amount of baso-

philic amorphous material (edema fluid). 
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Within the aorta, lesions are visible in the vi-

cinity of the heart, at the level of the aortic 

arch, and also in the abdominal region, near 

the adrenal glands. These lesions extend to 

the semi-lunar leaflets of the aortic valve. 

Early changes are seen in the intima of a pul-

monary artery. Myxoid material is occasion-

ally present between the smooth muscle fi-

bers of the media. 

Contributor’s Morphologic Diagnosis:  

Brachiocephalic trunks, aortic arch, caudal 

aorta: Atherosclerosis, multifocally exten-

sive, severe, chronic, Saker Falcon, avian. 

 

Contributor’s Comment: 

Although atherosclerosis is infrequent in do-

mestic mammals, it is the most common car-

diovascular disease found in birds of prey.8 It 

is also common in other avian species, nota-

bly psittacine birds, but also chickens, 

finches, emus, and penguins.21 It frequently 

occurs in non-human primates as well.21 Fur-

thermore, pigeons, Japanese quail, turkeys 

and chickens have been used as animal mod-

els of atherosclerosis for medical research.6,19  

Atherosclerosis is a chronic inflammatory fi-

broproliferative disease that occurs in the ar-

terial wall in response to endothelial injury. It 

results from an imbalance in lipid metabo-

lism and an inappropriate immune response 

with accumulation of cholesterol-laden mac-

rophages in the arterial wall. Atherosclerosis 

is one pattern of arteriosclerosis; other pat-

terns include simple arteriosclerosis, 

Monckeberg sclerosis, and fibromuscular in-

timal hyperplasia. 

In birds of prey, atherosclerosis primarily af-

fects older captive individuals, but is reported 

in Brahminy kite (Haliastur indus) from 55 

days of age and in other bird species (psitta-

cine, raptors, waterfowl) from one year of 

age.8,13,15 Female raptors and female psitta-

cine birds have a higher risk of developing 

atherosclerosis than males, which may be due 

to the lipid metabolism involved in egg pro-

duction.3,12  

In humans, physical inactivity, obesity, un-

healthy diet, hyperlipidemia, hypertension, 

and tobacco and high alcohol use are well-

known risk factors for atherosclerosis, and 

the impact of exposure to these risk factors 

accumulates throughout life.11 Obesity, lack 

of exercise, hypercholesterolemia, and a 

high-fat diet (cholesterol, saturated fatty ac-

ids) are also suspected risk factors for this 

disease in birds; however, captive conditions 

(nutrition, exercise) are not the determining 

factors in the development of this disease 

since atherosclerosis has been observed in 

wild individuals.3,22 Genetic factors may also 

predispose animals to development of the 

condition, but in general, preventing obesity 

in captive birds and avoiding sudden weight 

loss in overweight individuals are recom-

mended preventive measures.8 A 2017 study 

also found an association between a diet con-

sisting mainly of 1-day-old chicks and in-

creased plasma cholesterol concentration and 

atherosclerosis when compared with a rat and 

mouse diet.10  

 

Figure 1-2. Aorta, falcon. A cross and 
longitudinal section of the aorta is 
presented for examination. The lumen is 
compromised and the tunica media is 
greatly expanded. (HE, 5X)  
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Figure 1-3. Aorta, falcon. There is loss of 
endothelium and marked intimal hyperplasia 
with fibrosis, proliferation of fibroblasts, 
disarray of remnant smooth muscle cells, and 
infiltration of macrophages. (HE, 195X) 

 

Sudden death is the most frequent clinical 

manifestation of atherosclerosis in birds. It 

can also result in dyspnea, weakness, or neu-

rological signs.  

Grossly, early lesions are fatty streaks that 

progress to atheromas; there is loss of elastic-

ity, induration, irregular thickening, and yel-

low discoloration of the arterial wall with 

narrowing of the lumen. Erosion/ulceration 

with thrombosis or intramural hemorrhage 

may occur, causing a red to brown discolora-

tion. Atherosclerosis most commonly affects 

large arteries, notably the descending aorta 

and brachiocephalic trunks, as in the pre-

sented case.22 Hypertrophic cardiomyopathy 

can also be observed in birds with atheroscle-

rosis; however, this assessment remains sub-

jective in raptors since there are no reference 

values for the dimensions of a healthy heart.17 

Some birds may show concurrent widespread 

xanthogranulomatosis or endogenous lipid 

pneumonia, suggesting a possible correlation 

or shared etiopathogenesis, such as dysli-

pidemia, for these conditions.2,7 

Histopathologically, atherosclerotic plaques 

have five main components: 

1. Increased cellularity of the intima 

with variable numbers of smooth 

muscle cells, macrophages, and T 

lymphocytes (with necrotic debris in 

the central core); 

2. Deposition of extracellular matrix 

with collagen, elastin, and proteogly-

cans; 

3. Intracellular and extracellular lipids;  

4. Neovascularization at the lesion’s pe-

riphery; and 

5. Mineralization (in later stages). 

 

Topographically, a luminal fibrous cap com-

posed of smooth muscle cells and collagen 

overlies a layer rich in inflammatory and 

smooth muscle cells which borders a necrotic 

core containing lipids, foam cells, and cellu-

lar debris. Atheromas can be classified as 

vulnerable (if comprising a thin fibrous cap 

with large lipid core and dense inflammatory 

infiltrate) or stable (a thick fibrous cap or fi-

brous atheroma with little inflammation and 

lipid deposition). Possible evolution of ather-

omas include rupture or erosion with throm-

bosis of the blood vessel, intraplaque hemor-

rhage, atheroembolism, or aneurysm for-

mation.17 Several histologic classifications of 

avian atherosclerotic lesions have been pro-

posed and used in pigeons, quail, chickens, 

and psittacine birds.1,4,14,16,18 Some of these 

classification systems are based on the Amer-

ican Heart Association (AHA) classification 

of atherosclerotic lesions used in humans.20  

Myocardial infarction and fibrosis, and me-

dial hyperplasia of vessels of the heart, liver, 

lung, and kidney are reported in association 

with atherosclerosis in birds.3,17 Hepatic ste-

atosis regularly accompanies atherosclerosis, 

suggesting a disorder of lipid metabolism.13 

In our case, the origin and significance of 

splenic reticuloendothelial hyperplasia and 

periportal hepatitis remain unclear. The pres-

ence of abundant foamy macrophages sug-

gests a correlation with dysfunctional lipid 

metabolism that may have caused the athero-

sclerosis.  
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Atherogenesis has been extensively studied 

in humans. It is initiated by low-density lipo-

protein cholesterol (LDL-C) which, when at 

blood concentrations in excess of physiolog-

ical needs, accumulate in the intima.11 The 

formation of fibrofatty atheromas (athero-

sclerotic plaques) includes the following se-

quence of events: 1) endothelial injury and 

dysfunction leading to increased vascular 

permeability, leukocyte adhesion, and throm-

bosis; 2) continued accumulation of lipopro-

teins; 3) monocyte and platelet adhesion to 

the endothelium and emigration of mono-

cytes into the intima, with activation of mac-

rophages; 4) release of factors from activated 

endothelial cells, macrophages (including in-

terleukin-1, and monocyte chemoattractant 

protein-1), and platelets (including PDGF), 

inducing recruitment of smooth muscle cells; 

5) smooth muscle cell proliferation, recruit-

ment, and activation of T lymphocytes (with 

production of interferon gamma), and extra-

cellular matrix deposition (notably collagen); 

6) lipid accumulation within the cytoplasm of 

macrophages and smooth muscle cells (foam  

 

 

 

 

 

 

 

 

 

cells) and in the extracellular matrix; and 7) 

calcification. 

Known endothelial insults in humans include 

hemodynamic disturbances, hypertension, 

hyperlipidemia, toxins (including smoke tox-

ins), inflammation (notably from viral infec-

tion and immune reactions), and homocyste-

ine. Atherosclerotic stenosis leads to chronic 

ischemia while vulnerable plaques can lead 

to acute and potentially fatal ischemia fol-

lowing rupture, thrombosis, or embolization. 

Compared with humans, the lymphatic sys-

tem of birds is underdeveloped and birds such 

as pigeons lack apolipoproteins E and B-48 

and do not synthesize chylomicrons, which 

limits their use as models for research on the 

pathogenesis of human atherosclerosis.19 

Also, female birds show major changes in 

plasma lipoproteins during egg laying.19 

In domestic animals, pigs, and to a lesser ex-

tent rabbits, hamsters, and chickens, are con-

sidered atherosensitive; conversely, cats, cat-

tle, goats, and rats are atheroresistant. Alt-

hough dogs are considered atheroresistant, it 

Figure 1-4. Aorta, falcon. The outer half of the tunica media is expanded by large numbers of lipo-

phages with admixed cholesterol clefts and clear space. (HE, 266X) 
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is not uncommon to find atherosclerosis in 

dogs with hypothyroidism, diabetes, or 

breed-related hyperlipidemia (e.g., miniature 

Schnauzer). Arteriolosclerosis is sporadically 

seen in most animal species and is considered 

an age-related disease. In cats with renal fail-

ure, it is a characteristic of hypertensive en-

cephalopathy which develops because of a 

prolonged increase in systemic blood pres-

sure. 

Contributing Institution:  

Laboratoire d’histopathologie animale 

Vetagro Sup, campus vétérinaire,  

http://www.vetagro-sup.fr/ 

 

JPC Diagnoses: 

1. Aorta: Atherosclerosis, circumferential, 

diffuse, severe. 

2. Epicardium: Epicarditis, fibrinous, chro-

nic, focally extensive, moderate. 

 

JPC Comment:   

Atherosclerosis is a multifactorial disease 

which is well-studied in humans and often 

linked to defects in lipid metabolism. Though 

atherosclerosis is relatively rare in animals, 

the contributor provides an excellent over-

view of the clinical, demographic, gross, and 

histologic manifestations of atherosclerosis 

across a range of avian species.  

 

 

Figure 1-5. Aorta, falcon. The tunica media 
also contains areas of chondroid metaplasia. 
(HE, 368X) 

 

In normal lipid metabolism, dietary choles-

terol and triglycerides are absorbed by the 

gastrointestinal tract and incorporated into 

triglyceride-rich lipoproteins called chylomi-

crons.9 These chylomicrons are subject to 

cleavage by endothelial enzymes and arrive 

at the liver as cholesterol-rich chylomicron 

remnants, where the cholesterol is either ex-

creted as bile acids into the biliary tract, ex-

creted as free cholesterol, or packaged into 

very low density lipoprotein (VLDL) which 

is then secreted into the blood.21 VLDL is 

rich in triglycerides, low in cholesterol, and 

contains membrane apolipoproteins ApoB, 

ApoC, and ApoE.9  

 

Once in the capillary beds of adipose tissue 

and muscle, VLDL undergoes lipolysis, and 

the resulting remnant, now with fewer tri-

glycerides, increased cholesterol, and only 

containing ApoB and ApoE, is called an in-

termediate density particle (IDL). IDLs can 

be either returned to the liver to regenerate 

VLDLs or can undergo further lipolysis 

which removes most of the remaining triglyc-

erides and ApoE, yielding a low-density lip-

oprotein (LDL) which is cholesterol-rich and 

contains only ApoB.9 

 

Most LDL is taken up by the liver via the 

binding of ApoB to LDL receptors, and is 

then shuttled to lysosomes where it is metab-

olized to cholesterol and amino acids. Within 

hepatocytes, the resulting free cholesterol has 

an inhibitory effect on both HMG CoA re-

ductase, the rate limiting enzyme in choles-

terol synthesis, and the synthesis of new LDL 

receptors. 

 

Perturbation of any step of this complex path-

way can result in hyperlipemia and a corre-

sponding increased risk of atheroma for-

mation. In humans, genetic defects in the 

LDL receptor are well characterized and 

cause familial hypercholesterolemia due to 

the inadequate removal of plasma LDL by the 

http://www.vetagro-sup.fr/
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liver.9 Similarly, mutations in the gene en-

coding ApoB, the ligand for LDL receptors, 

reduces the uptake of LDL particles by the 

liver, also resulting in hypercholesterolemia. 

 

In veterinary medicine, atherosclerosis can 

occur naturally in many aged avian species, 

as detailed by the contributor, and atheroscle-

rosis is the most common vascular lesion in 

the great vessels of aged psittacines and birds 

of prey.8,17 Systemic hypertension is a well-

known risk factor for atherosclerosis in hu-

mans and it has been suggested that the rela-

tively higher normal blood pressures and se-

rum cholesterol levels in birds may predis-

pose them to atherosclerotic disease.8  

 

Rabbits are also susceptible to dietary-in-

duced hypercholesterolemia and atheroscle-

rosis. This predisposition led to the develop-

ment of Watanabe heritable hyperlipidemic 

rabbits, which have a genetic defect in the 

LDL receptor that results in aortic atheroscle-

rosis in 100% of animals by 5 months of 

age.22 The resulting disease closely mimics 

human atherosclerosis and Watanabe rabbits 

are consequently one of the main animal 

models used in atherosclerosis research. 

 

Atherosclerosis has also been described in 

dogs, as noted by the contributor, and in pigs. 

Pigs do not naturally develop atherosclerosis, 

but can develop atherosclerotic disease simi-

lar to that seen in humans when fed high fat, 

high cholesterol diets. 

 

This week’s conference was moderated by 

MAJ Katie Scott, Chief of Necropsy at the 

Walter Reid Army Institute of Research 

(WRAIR). MAJ Scott reviewed vascular 

anatomy and stressed the importance of using 

precise anatomic terminology, particularly in 

conditions such as atherosclerosis where le-

sions are typically found in specific histo-

logic layers (e.g., the tunica intima) due to 

damage to particular structural elements 

(e.g., the internal elastic lamina). 

Several conference participants noted the fi-

brinous pericarditis and epicarditis present on 

the examined section. This finding is not typ-

ical of avian atherosclerosis and is more com-

monly highly pathogenic avian influenza, the 

latter of which was ruled out by the contribu-

tor’s laboratory testing. Conference partici-

pants were suspicious that this unlucky fal-

con was beset by both atherosclerosis and an 

unknown infectious agent and chose to pro-

vide separate morphologic diagnoses for the 

two pathogeneses.  
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CASE II:  

 

Signalment:  

1-year-old male neutered Boxer, canine (Ca-

nis familiaris) 

 

History:  

The patient presented to the Oklahoma State 

University Veterinary Teaching Hospital 

with a four-week history of vomiting and 

weight loss. 
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Figure 2-1. Jejunum, dog. A 34 cm section of 
jejunum is diffusely thickened. (Photo cour-
tesy of: Oklahoma State University, Depart-
ment of Veterinary Pathobiology, https:// 
vetmed.okstate.edu/veterinary-pathobiol-
ogy/index.html) 

Gross Pathology:  

A segment of the proximal jejunum, approx-

imately 34 cm long, is severely thickened to 

3-4 times the normal size and is diffusely 

firm. The serosal surface is discolored irreg-

ularly dark red to maroon along the length of 

the affected segment. On cut section, the anti-

mesenteric jejunum wall varies in thickness 

from 0.3-1 cm, and the wall adjacent to the 

mesentery is markedly thickened, ranging 

from 1-4 cm. The transmural thickening, es-

pecially involving the submucosa and tunica 

muscularis, is pale tan and densely taut (fi-

brous). The lumen is severely narrowed, and 

toward the mid-portion of the segment, is al-

most completely obstructed by marked thick-

ening of the intestinal wall.  The adjacent 

mesenteric lymph node is severely enlarged, 

8x5x4 cm, and mottled yellow to tan on cut 

surface.  

Laboratory Results: 

Fungal 28S sequencing of intestine revealed 

94% identity match to Pythium insidiosum. 

Lymph node sequencing was inconclusive.  

Microscopic Description:  

Small intestine: Three sections of jejunum 

are examined, each displaying mild to severe 

inflammation. Severely effacing multifocal 

and mural regions of the mucosa, submucosa, 

and tunica muscularis, are extensive numbers 

of eosinophils, accompanied by moderate to 

marked numbers of multinucleated giant cells 

(both Langhans type and foreign body type), 

epithelioid macrophages, and fewer numbers 

of lymphocytes, plasma cells, and scattered 

neutrophils. At the center of these inflamma-

tory lesions, there is a moderate amount of 

bright, eosinophilic matrix containing kar-

yorrhectic nuclei (necrosis), and occasionally 

a ghost outline of a non-staining, thin walled, 

4-6 µm wide hyphae. In the most affected 

section, the inflammation and necrosis have 

distorted the villous architecture and oblite-

rated the muscularis mucosae while dissect-

ing through the submucosa and tunica mus-

cularis. The submucosa is often expanded by 

marked amounts of fibrous connective tissue 

and granulation tissue.  

 

 
Figure 2-2.  Jejunum, dog.  An incised section 
of the thickened segment of jejunum. (Photo 
courtesy of: Oklahoma State University, De-
partment of Veterinary Pathobiology, 
https://vetmed.okstate.edu/veterinary-
pathobiology/index.html) 
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Figure 2-3. Jejunum, dog. Three sections of 
the intestinal wall are submitted for 
examination and the section at bottom right 
is the most severely affected with marked 
expansion of the submucosa and muscular 
tunics. (HE, 5X) 

The serosa is either not affected, or markedly 

expanded by granulation tissue and neovas-

cularization.Within necrotic centers are small 

numbers of GMS-positive, 5-15 µm wide hy-

phae, with non-parallel walls, sparse to inap-

parent septae, and occasional branching.   

Contributor’s Morphologic Diagnosis: 

Jejunum: Severe, segmental, chronic-active, 

eosinophilic and granulomatous transmural 

enteritis, with extensive fibrosis, granulation 

tissue, and small numbers of GMS-positive 

intralesional hyphae. 

Contributor’s Comment:  

Gross and histologic lesions in this case are 

consistent with enteric pythiosis. Fungal 28S 

PCR sequencing revealed 94% identity 

match to Pythium insidiosum and was incon-

clusive for the submitted mesenteric lymph 

node.   

Pythium insidiosum is a fungus-like, fresh 

water favoring, aquatic oomycete that is geo-

graphically distributed throughout the world, 

including southeast Asia, Australia, New 

Zealand, Brazil, Costa Rica, and the Carib-

bean.1,5,6,8 Canine pythiosis used to be 

considered restricted to the states bordering 

the Gulf Coast in the United States; however, 

there are several reports in the last two dec-

ades indicating the geography of pathogenic 

Pythium insidiosum has expanded, and now 

includes states within the northeast, south-

east, midwest, and as far west as Califor-

nia.1,4-8,10   

Recent reports have indicated that the zoo-

spores infect mammals via ingestion, or more 

commonly through cutaneous lesions where 

the zoospores have marked chemotaxis to-

wards injured skin, and they consequently 

begin to encyst on the surface of the tis-

sue.5,6,8 Enteric or colonic pythiosis likely oc-

curs due to a defect within the gastrointestinal 

tissue allowing the zoospores to adhere and 

encyst.6 Pythium insidiosum commonly af-

fects horses, less often dogs and cats, and 

rarely affects cattle, sheep, and a few captive 

species including bears, camels, a tiger and a 

jaguar.5-7 The remainder of this comment will 

focus on enteric pythiosis in canines.        

The classic signalment of this disease in dogs 

is young, male, large breed dogs (particularly 

Labradors).4,6 The median age in most case 

reports is approximately 2 years old, but has 

been diagnosed in patients as young as 12  

 

Figure 2-4. Jejunum, dog. There is trans-
mural inflammation.  The mucosal lamina 
propria is expanded by an inflammatory 
infiltrate, resulting in loss of crypts and villar 
blunting. The infiltrate is multifocally evident 
in the submucosa and muscular tunics. (HE, 
15X) 
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weeks old and as old as 6 years old.1,4,8  Gen-

der is evenly distributed between male and 

female, and large and mixed breed dogs.1,4  

Patients present with chronic, nonspecific 

gastrointestinal signs such as weight loss, an-

orexia, vomiting, and/or diarrhea.1,4-7,10,11  

Abdominal masses may be palpated during 

physical examination.5,8  Clinical pathology 

most often reveals eosinophilia, hypoalbu-

minemia, and hyperglobulinemia, but may 

also include non-regenerative anemia and 

calcium irregularities (both hypocalcemia 

and hypercalcemia have been reported).1,6,8 

Sites of Pythium infection can occur in the 

esophagus, stomach, small intestines, ileoce-

cal junction, or colon, and tend to spread to 

adjacent mesentery and mesenteric lymph 

nodes.1,4,6,8,10,11 Initial diagnostics include ra-

diographs, ultrasound, or exploratory laparot-

omy, with cytology or biopsy samples sub-

mitted for ancillary testing.6-8,11 Cytology 

may reveal eosinophils admixed with granu-

lomatous to pyogranulomatous inflamma-

tion, +/- hyphae.6 Histopathology also reveals 

similar findings of eosinophilic,  

 

 

 

 

 

 

 

 

 

 

 

 

granulomatous to pyogranulomatous inflam-

mation with hyphal fragments located within 

necrotic or inflammatory centers.4-8,10,11 The 

inflammation can be transmural or restricted 

to the submucosa and muscular layers.6,11  

Gomori’s methenamine silver (GMS) is the 

stain of choice for Pythium, as periodic acid-

Schiff (PAS) poorly stains hyphae, if at 

all.5,6,10 GMS characteristics include rarely 

septate, occasionally branching hyphae with 

a diameter of 2-7 µm, but can be greater than 

10 µm in diameter, as was described previ-

ously in this case.4-7,11 Care should be taken 

to differentiate these features from Lagenid-

ium or zygomycete infections, as they have 

similar GMS characteristics and potentially 

different clinical outcomes in regards to treat-

ment and prognosis.6 Tests for further differ-

entiation of these three pathogens include, 

but are not limited to, culture, immunohisto-

chemistry, PCR, and ELISA.1,5-7,10 

Prognosis is often grave depending on the du-

ration and extent of the lesions.1,4,6,10,11  If 

surgical excision is possible, it is  

Figure 2-5. Jejunum, dog. In an inflammatory focus in the smooth muscle of the jejunal wall, there 

are numerous epithelioid and foreign body type macrophages. (HE, 206X) 
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Figure 2-6. Jejunum, dog. Multinucleated 
foreign body giant cells contain outlines of 
fungal hyphae in bas relief.   (HE, 586X) 

recommended to have 3-4 cm of surgical 

margins.5,6,11 Successful treatment has been 

reported in a few cases, and in one report of 

three dogs in California, treatment included 

the long-term use of anti-inflammatory doses 

of corticosteroids in conjunction with itra-

conazole and terbinafine.10,11 

In conclusion, the submitted case is a classic 

example of Pythium insidiosum enteritis in a 

dog. The signalment and presenting com-

plaint, in conjunction with necropsy and his-

tologic findings, is a very common presenta-

tion of this disease, and serves as a reminder 

to pathologists and trainees as the distribution 

of this disease seems to be expanding within 

the United States.  

 

Contributing Institution:  

Oklahoma State University  

Department of Veterinary Pathobiology 

Stillwater, OK 740784 

https://vetmed.okstate.edu/veterinary-patho-

biology/index.html 

 

JPC Diagnosis: 

Small intestine: Enteritis, transmural, eosino-

philic and granulomatous, moderate, with nu-

merous intrahistiocytic and extracellular hy-

phae. 

 

JPC Comment:  

Pythium insidiosum is famously not a fungus, 

but an oomycete, or “water mold.” Although 

it forms mycelia that are rather fungus-like, 

its cell walls contain β-glucans and cellulose 

rather than chitin, its cytoplasmic membrane 

lacks the ergosterol characteristic of fungi, 

and importantly, the organism develops bi-

flagellated zoospores in wet environments.5 

In some oomycetes, zoospore formation can 

occur in minutes on contact with water, con-

sidered one of the fastest developmental pro-

cesses of any organism; however, P. insidio-

sum is rather leisurely about the process, 

which takes one hour or more in this species.5  

 

Once developed, these motile zoospores are 

chemotactically attracted to defects in mam-

malian epithelium where they encyst on and 

adhere to injured tissues via a secreted glyco-

protein. P. insidiosum grows optimally at 

mammalian body temperature, which stimu-

lates the zoospores to develop hyphae that se-

crete proteases to aid their extension through 

injured tissues, including endothelium.5 

 

As hyphae penetrate tissues, they release an-

tigens that are sampled by antigen presenting 

cells and presented to naïve T lymphocytes. 

The antigen presenting cells secrete IL-4, 

which causes the lymphocytes to assume a 

Th2 phenotype and secrete IL-4, IL-5, and 

IL-10.5 These cytokines induce B lympho-

cytes to secrete IgG, IgM, and IgE antibodies.  

 

 
Figure 2-7. Jejunum, dog. A silver stain 
demonstrates the presence of fungal hyphae 
within foci of inflammation. (GMS, 400X) 
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IgE and IL-5 are chemotactic for mast cells 

and for the eosinophils that characterize 

Pythium insidiosum infection.5 Summoned 

by cytokines, mast cells and eosinophils ar-

rive at the scene and degranulate onto the hy-

phae, causing damage to the organism and to 

surrounding tissues.  

 

The contributor provides an excellent, thor-

ough review of canine pythiosis.  Unlike ca-

nine phythiosis, equine pythiosis, also known 

by the memorable name “swamp cancer,” 

most commonly affects the skin; the intesti-

nal disease seen in dogs is rarely reported in 

horses.5 Equine cutaneous lesions occur in 

skin in contact with water, such as the lower 

limbs and ventral abdomen, and grossly ap-

pear as large, round, granulomatous, ulcer-

ated tissue. On histology, these lesions are 

granulomatous and characterized by eosino-

phils and poorly-staining P. insidiosum hy-

phae. The horse uniquely develops multilob-

ulated, irregular cores of necrotic yellow ma-

terial known as “kunkers,” which are formed 

from degranulated eosinophils and hyphae.5 

 

Sheep can develop cutaneous or digestive 

pythiosis that is substantially similar to the 

disease in horses and dogs; however, sheep 

also have their own flavor of pythiosis called 

ovine rhinofacial pythiosis, or “bull nose.”3 

This disease, reported exclusively in Brazil, 

is an important cause of death and economic 

loss and is characterized clinically by marked 

enlargement and deformity of the nasal re-

gion, difficulty breathing, and epistaxis.3 The 

gross lesion typically extends from the muco-

cutaneous junction of the nares to the middle 

nasal cavity and can involve adjacent facial 

structures, such as the nasal septum and hard 

palate.3 

 

Pythiosis occurs only sporadically in other 

species. In cats, the disease typically affects 

the skin and subcutis, but without the ulcera-

tion that is common in other species.3 Cattle 

in rainy, subtropical climates are sporadically 

affected, typically on the limbs, by fistulated, 

ulcerated masses composed of eosinophilic 

granulomas centered on hyphae.5 There have 

been only two reports of pythiosis in birds: 

ulcerative eosinophilic granulomas in the 

wings, head, neck, and limbs of a white-faced 

ibis;9 and a transmural, necrotic, obstructive 

esophageal mass filled with heterophils, eo-

sinophils, and hyphae in the esophagus of a 

red-necked ostrich.2 

 

Conference discussion focused on the unique 

features of this organism, including its dimor-

phic life cycle, unique cell wall composition, 

and the inability to differentiate Pythium spp. 

from Lagenidium spp. and from the zygomy-

cetes (Conidiobolus spp. and Basidiobolus 

spp.) without molecular methods such as 

PCR. 
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CASE III:   

 

Signalment:  

27-week-old female laying hen, avian (Gal-

lus gallus domesticus) 

 

History:  

A laying hen farm with 6 houses and a total 

of 180,000 animals reared in enriched 

cages showed an episode of severe respir-

atory clinical signs in one of the houses 

with 24-week-old laying hens. The pro-

cess was diagnosed as an outbreak of in-

fectious laryngotracheitis (ILT) based on 

compatible severe respiratory signs and 

consistent gross lesions and was further 

confirmed by PCR. One month later, the 

birds continued displaying severe respir-

atory signs and similar gross lesions at 

postmortem examinations, but with  

 
Figure 3-1. Trachea, chicken. The tracheal 
epithelium is diffusely hyperplastic and there 
is a luminal plug of necrotic epithelium and 
inflammatory cells.  (HE, 5X)  

fewer fibrinonecrotic intratracheal casts 

and proliferative mucosal lesions. Infor-

mation regarding productive parameters 

or total flock mortality was not revealed 

by the producer. Four chickens were sub-

mitted for gross postmortem examination, 

and formalin-fixed samples of the tra-

cheas were submitted for further histo-

pathological evaluation in the diagnostic 

facilities. The batch had been vaccinated 

at 8 weeks against Gallid herpesvirus 1 

(GaHV-1) with an eye drop attenuated live 

vaccine and against fowlpox virus 

(FWPV) with an attenuated live vaccine 

by wing web vaccination. Vaccination 

against other common pathogens was per-

formed following routine vaccination 

protocol. 

 

Gross Pathology:  

All tracheas showed similar changes. The 

tracheal wall was moderately to markedly 

thickened, conferring a pipe-stem appear-

ance, which greatly narrowed the tracheal 

lumen. Tracheal lumina were variably 

occluded by white dense casts. 

 

 

 

 



126 
 

 
Figure 3-2. Trachea, chicken. The tracheal 

epithelium thrown into thick villar folds.  (HE, 

79X) 

Laboratory Results: 

PCR assays for Gallid herpesvirus 1 

(GaHV-1) and fowlpox virus (FWPV) 

performed on tracheal samples were 

positive for both pathogens. 

Microscopic Description:  

The tracheal lumen is markedly nar-

rowed due to a massive circumferential 

thickening of the tracheal mucosa, con-

sisting of hyperplastic and hypertrophic 

epithelial cells. These epithelial cells fre-

quently display cytoplasmic tumefaction 

and rarefaction (ballooning degenera-

tion). A single 15-50 µm round or ring-

shaped eosinophilic inclusion is observed 

in the cytoplasm of many of the epithelial 

cells (Bollinger body). In the tracheal lu-

men large amounts of necrotic debris, de-

generated heterophils, abundant bacterial 

colonies, eosinophilic fibrillar material 

(fibrin) and mucus are also observed. 

There are several syncytial cells contain-

ing 5-15 nuclei with 3-6 µm eosinophilic 

intranuclear inclusion bodies that mar-

ginate the chromatin and are surrounded 

by a clear halo. The lamina propria is fur-

ther expanded by abundant lympho-

plasmacytic and, to a lesser extent, heter-

ophilic infiltration. 

 

 

Contributor’s Morphologic Diagnoses:  

1. Trachea: Diffuse, circumferential, sub-

acute, severe, hyperplastic, and necrotiz-

ing tracheitis with intralesional Bollinger 

bodies. 

2. Trachea: Diffuse, circumferential, sub-

acute, severe, fibrinonecrotizing trachei-

tis with intralesional syncytial cells and 

intranuclear inclusion bodies.  

 

Contributor’s Comment:  

Poultry viral infections are common causes 

of disease and economic loss and are thus 

major concerns in poultry production. In-

fectious laryngotracheitis (ILT) is a respir-

atory disease of chickens, pheasants, and 

peafowl which is caused by Gallid herpes-

virus 1 (GaHV-1), an alphaherpesvirus.8 

ILT can cause large economic losses in 

high density poultry-producing regions; 

consequently, many efforts are focused on 

diagnosing and controlling ILT through 

vaccination, mainly in the form of live at-

tenuated vaccines.2 These vaccines gener-

ally prevent and reduce the severity of the 

disease and associated mortality, although 

birds may become latent carriers and shed-

ders of vaccinal viruses. Occasionally, 

transmission of these vaccinal viruses can 

occur, enabling viruses to regain virulence 

and produce mortality, particularly when 

vaccines are administered in the drinking 

water or in spray or when Chicken Embryo 

Origin (CEO) vaccines (as in our case) are 

used.6 

Virulence is variable across GaHV-1 

strains, which results in ILT having varia-

ble degrees of severity. In all cases, virus 

replicates in epithelial cells across the 

respiratory tract and conjunctiva, causing 

severe epithelial damage and accounting 

for the clinical signs which usually in-

clude nasal discharge, conjunctivitis, 

moist rales, dyspnea, and expectoration of 

blood-stained mucus. In severe cases, 

mucoid casts in the trachea obstruct the  
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airways and lead to asphyxiation.1 

 

All these signs correlate with the pres-

ence of gross and microscopic findings, 

which include mucoid to necrotizing tra-

cheitis, frothy ocular secretions, and 

swelling of infraorbital sinuses caused by 

epithelial degeneration and necrosis of 

the previously mentioned tissues. Micro-

scopically, this epithelial damage is often 

accompanied by lymphocytic and heter-

ophilic inflammation and by syncytial 

cells with nuclear inclusions, character-

ized by strong eosinophilic staining sur-

rounded by clear halos. These nuclear in-

clusions are commonly used as a power-

ful diagnostic technique as they are path-

ognomonic for ILT, although they are 

only present between days 2 and 5 post in-

fection.11 Birds that survive this acute 

phase display hyperplastic changes of the 

epithelium lining the respiratory tract af-

ter the first wave of necrosis with absence 

of syncytial cells and inclusions, which 

limits histological diagnosis.1 In the ab-

sence of nuclear inclusions, molecular  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

techniques are needed for definitive diag-

nosis. 

 

Other significant avian pathogens include 

viruses of the Poxviridae family, which 

includes the genus Avipox. Fowlpox virus 

(FWPV) affects commercial poultry with 

variable disease manifestations, includ-

ing cutaneous or diphteric/pharyngeal 

forms. In the poultry industry, this dis-

ease, commonly referred to as fowlpox, is 

controlled through live modified virus 

vaccines, which prevent disease manifes-

tations and further production implica-

tions.3 Despite vaccinal efficacy, numer-

ous outbreaks in vaccinated flocks have 

been reported. Emergence of variant 

strains of FWPV and enhanced virulence 

due to the integration of avian reticuloen-

dotheliosis virus (REV) into their ge-

nomes are believed to be the main causes 

of outbreaks in vaccinated animals.9 Vi-

ral genome sequencing was not per-

formed in our case in order to rule out 

these possibilities. Furthermore, technical 

vaccine failure cannot be fully ruled out. 

Figure 3-3. Trachea, chicken. The tracheal epithelium exhibits ballooning degeneration with large 
intracytoplasmic poxviral inclusions (“Bollinger bodies”). (HE, 200X) 
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Figure 3-4. Trachea, chicken. The luminal plug 
is composed of sloughed pox-virus-laden 
epithelium, infiltrating necrotic and viable 
neutrophils, abundant cellular debris, and 
numerous bacterial colonies. (HE, 200X) 

Viral replication of FWPV occurs in epi-

thelial cells of the skin and upper alimen-

tary and respiratory tracts, which provoke 

hyperplastic and proliferative lesions char-

acteristic of poxvirus infections. These le-

sions are represented grossly by cankers, 

elevated nodules or patches, and diphteric 

yellowish lesions in the mucous mem-

branes of the mouth, oesophagus or tra-

chea. These lesions account for the severe 

respiratory signs commonly exhibited by 

affected birds. Histologically, affected ep-

ithelium is hyperplastic and hypertrophic 

and undergoes necrosis in the apical re-

gion. Infected epithelial cells frequently 

display large intracytoplasmic inclusion  

bodies, which are called Bollinger bodies.11 

Both GaHV-1 and FWPV can result in se-

vere respiratory signs, and significant 

overlap exists in their clinical signs and 

gross lesions. To reach definitive diagno-

sis, samples are usually sent to diagnostic 

facilities and confirmation is based on 

histopathological evaluation or molecu-

lar diagnostics. Observation of typical vi-

ral inclusions of either of the infections is 

a usual path to definitive diagnosis. Nev-

ertheless, simultaneous dual infections 

have been described in commercial chick-

ens, and although not common due to gen-

erally effective vaccination, the 

characteristic histological lesions and in-

clusion bodies of both viruses can appear 

in the same tracheal section, as in this 

case.5,10 

 

Contributing Institution:  

Veterinary Pathology Department  

Autonomous University of Barcelona 

Barcelona, Spain. 

https://www.uab.cat/  

 

JPC Diagnoses: 

1. Trachea: Tracheitis, proliferative and ne-

crotizing, circumferential, severe, with 

ballooning degeneration, and intracyto-

plasmic viral inclusions. 

2. Trachea: Tracheitis, necrotizing, circum-

ferential, with few viral syncytia and in-

tranuclear inclusions.   

 

JPC Comment:   

Infectious laryngotracheitis (ILT) has a nar-

row natural host range when compared with 

other alphaherpesviruses, and is primarily a 

disease of chickens. The disease is highly 

contagious and infected birds shed the virus 

in their respiratory secretions for 10 days 

post-infection.7 GaHV-1 can infect the host 

via respiratory, ocular, or oral routes, and can 

be spread by direct transmission from an in-

fected bird or a latent carrier, or through fom-

ites such as litter, feed bags, feathers, dust, 

footwear, and clothing.7 

 

Once inside the animal, replication in the 

conjunctival, sinus, laryngeal, and tracheal 

epithelium leads to inflammation, serous or 

mucoid nasal and ocular discharge, and res-

piratory distress.4 The key histologic features 

used to diagnose ILT are syncytial cells with 

intranuclear inclusion bodies, most fre-

quently present in the trachea, nasal turbi-

nates and sinuses, conjunctiva, larynx, and 

primary bronchi.4 With disease progression, 

the laryngeal and proximal tracheal epithe-

lium sloughs into the lumen, forming an 
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exudate that accumulates in the syrinx, and 

this necrosis and sloughing of the superficial 

epithelium likely accounts for the loss of 

identifiable syncytial cells by 5 days post-in-

fection.4 

 

The virulence of ILT varies with the infecting 

strain and is exacerbated by concurrent infec-

tion with other respiratory pathogens such as 

Mycoplasma gallisepticum, Mycoplasma 

synoviae, infectious coryza, and reticuloen-

dotheliosis virus, as well as immunosuppres-

sion, including immunosuppression second-

ary to Marek’s disease.7 If the animal sur-

vives, ILT virus may flock to the trigeminal 

ganglion and, like any good herpesvirus, may 

establish a life-long latent infection that can 

be reactivated during periods of stress. 

 

The clinical signs of ILT are similar to those 

of other viral respiratory diseases of chick-

ens, including Newcastle Disease, Fowl Pox, 

Infectious Bronchitis, and Avian Influenza. 

 

These diseases can typically be differentia-

tion with histology. In Newcastle disease, 

surface epithelium is usually still intact, in 

contrast to the necrosis and sloughing seen 

with ILT, and multiple organ systems are af-

fected. Fowl pox, as seen in this case, is char-

acterized by large eosinophilic cytoplasmic 

viral inclusions (Bollinger bodies) in contrast 

to the much smaller, intranuclear viral inclu-

sions of early ILT infection; affected epithe-

lium is proliferative rather than necrotic; and 

syncytial cells are absent. Finally, infectious 

bronchitis and avian influenza typically af-

fect a wider range of tissues, most notably the 

lower respiratory tract.  

 

In conference, the moderator led a discussion 

of the biology of the two viruses implicated 

in this case and discussed ways to simplify 

infectious disease pathology by grouping vi-

ruses and bacteria into “boxes” with similar 

behaviors. The “Pox box” was opened, and  

 
Figure 3-5. Trachea, chicken. Rare multi-
nucleated epithelial cells within the luminal 
plug contain herpeviral intranuclear 
inclusions.  (HE, 892X) 

 

participants were treated to a review of the 

some of the more singular poxviruses, includ-

ing ectromelia, rabbit (Shope) fibroma virus, 

and myxoma virus. 

  

As the contributor notes, the two concurrent 

diseases in this case have overlapping histo-

logic features and considerable conference 

discussion centered on whether it was possi-

ble to attribute particular histologic lesions 

with a specific etiology.  

 

In the end, participants settled on a pair of 

morphologic diagnoses that, in their redun-

dancy, acknowledge these overlapping clini-

cal and histologic features. 
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CASE IV:  

 

Signalment:  

1-year-old male castrated Boxer, canine (Ca-

nis familiaris) 

 

History: 

The patient presented to the Matthew J. Ryan 

Veterinary Hospital of the University of 

Pennsylvania (MJR-VHUP) emergency ser-

vice with a history of two swellings/masses 

on the left ventral jaw and adjacent to the left 

nostril as well as acute vomiting, weight loss,  

 
Figure 4-1. Skeletal muscle, heart, lung, dog.  
A metastatic neoplasm is present in these 
three submitted tissues. (HE. 5X) 

hyporexia, and lethargy. The masses were 

originally noted by the primary veterinarian 

who started systemic antibiotics. Over the 14-

day course of antibiotics, the masses reduced 

in size, but subsequently rapidly grew upon 

completion of the course of antibiotic ther-

apy. Due to the lack of resolution, the primary 

veterinarian performed a sedated oral exam, 

skull radiographs, and bloodwork approxi-

mately 3 weeks after the patient’s initial 

presentation. The radiographs demonstrated 

regional soft tissue swelling but no obvious 

intraoral component. The complete blood 

count showed a neutrophilic leukocytosis. 

The patient became progressively lethargic 

and hyporexic over the following 24 hours 

and was presented to the emergency service 

at MJR-VHUP the next day.  

 

On clinical examination at MJR-VHUP, 

there was an approximately 10 cm diameter, 

firm, moveable mass on the left ventrocaudal 

face at the level of the mandible, which ex-

tended to the level of the left maxilla. The 

mass caused partial occlusion of the left naris 

and lateral deviation of the nose. The patient 

was hospitalized and transferred to the Inter-

nal Medicine service. Over the course of the 

patient’s 3-day hospitalization, an abdominal 

ultrasound and thoracic radiographs were 

performed, which revealed multiple soft tis-

sue nodules throughout the thoracic and  
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abdominal cavity. Subsequent physical ex-

ams revealed additional masses on the left 

shoulder and within the left and right epaxial 

muscles. Fine needle aspirates of the left fa-

cial/submandibular mass revealed a malig-

nant neoplasm. Due to the rapid, aggressive 

progression of disease and poor prognosis, 

euthanasia was performed and a full post-

mortem examination was completed. 

 

Gross Pathology:  

Extending from the rostral muzzle just left of 

midline to the ventral submandibular region 

was a 16 x 8 x 6 cm multilobulated, variably 

firm to hard, white and tan mass that infil-

trated through the right nasal bone and rostral 

hard palate, into the nasal cavity, and ex-

panded the nasal turbinates and displaced the 

maxillary incisors. On cut surface within the 

individual neoplastic lobules, the center of 

the tissue was dark red to brown and variably 

soft to gelatinous. Similar multilobulated and 

sometimes cavitated nodules, ranging from 1 

cm diameter to 7 x 4 x 2 cm, infiltrated the 

skeletal muscle of the caudal aspect of the left 

shoulder, left craniolateral abdominal body 

wall, left superficial inguinal subcutis, left  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

midabdominal epaxial, and right lumbar 

epaxial muscles.  

 

Within the thoracic cavity, innumerable nod-

ules expanded the mediastinum, pericardium, 

pleural surfaces of the thoracic walls, myo-

cardium, and pulmonary parenchyma. Within 

the abdominal cavity, the omentum, left lobe 

of the pancreas, and left adrenal gland were 

expanded by similar nodules. The cavitated 

nodules often contained a small to moderate 

amount of dark brown watery to yellow-

brown thick opaque fluid. The thoracic cavity 

contained approximately 1150 mL of watery, 

light red, opaque fluid.  

 

The left retropharyngeal, left axillary, trache-

obronchial, sternal, and mediastinal lymph 

nodes were enlarged (measuring up to 6 x 1 x 

2 cm), had loss of corticomedullary distinc-

tion, and were effaced by similar tissue as de-

scribed above. 

 

 

 

 

 

Figure 4-2. Skeletal muscle, dog. The muscle is effaced by sheets of pleomorphic cells.  (HE, 319X) 
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Laboratory Results: 

Tissue culture from the mass yielded no 

growth on aerobic or anaerobic cultures. 

 

Antemortem cytology of the left mandibular 

mass showed neoplastic cells amid a light 

pink, stippled proteinaceous background. Ne-

oplastic cells were pleomorphic, mainly 

round when individualized, occasionally 

spindled, and slightly polygonal when seen in 

clusters. Nuclei were round to irregularly 

shaped, with reticular chromatin and occa-

sionally visible light blue irregular nucleoli. 

There was a scant to moderate amount of 

deep blue cytoplasm with frequent blebbing, 

paranuclear clearing, and several distinct 

vacuoles, rarely containing 1-2 small dark 

blue/green granules. Mitotic figures were 

moderately frequent and contained atypical 

forms.  

 

The cytology sample was diagnosed as a ma-

lignant neoplasm, with the primary differen-

tial diagnoses including a poorly mela-

notic/amelanotic melanoma, epithelioid he-

mangiosarcoma, rhabdomyosarcoma, ana-

plastic carcinoma, or other embryonal tumor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Microscopic Description:  

Skeletal muscle from the face: One section of 

skeletal muscle from the face is examined. 

The tissue architecture is infiltrated to com-

pletely effaced by an unencapsulated, 

densely cellular neoplasm, composed of 

round to polygonal to spindle-shaped cells ar-

ranged in sheets, bundles, streams, and pack-

ets separated by a fine fibrovascular stroma. 

Neoplastic cells have variably distinct cell 

borders with a scant to moderate amount of 

eosinophilic to amphophilic cytoplasm and 

round to ovoid nuclei with open chromatin 

and a single variably prominent nucleolus. 

Anisocytosis and anisokaryosis are moderate 

to marked and there are up to 23 mitotic fig-

ures in a single 40x high power field (0.237 

mm2). There are multifocal regions of necro-

sis throughout the neoplastic parenchyma. 

The skeletal muscle fibers incorporated 

amongst neoplastic cells exhibit varying de-

grees of degeneration and necrosis, including 

hypereosinophilic and swollen to frag-

mented, amphophilic and granular sarco-

plasm. 

 

Figure 4-3. Lung, dog. Neoplastic cells expand alveolar septa and fill alveoli.  (HE, 87) 

 



133 
 

 
Figure 4-4. Skeletal muscle, dog.  Neoplastic 
cells demonstrate strong cytoplasmic immu-
noreactivity to desmin. (Photo courtesy of:  
University of Pennsylvania School of Veteri-
nary Medicine, Department of Pathobiology, 
https://www.vet.upenn.edu/veterinary-
hospitals/ryan-veterinary-hospital/ser-
vices/diagnostic-laboratories). (anti-desmin, 
400X) 

 

Heart: One full thickness section of the right 

ventricular free wall is examined. Within the 

myocardium and extending through the epi-

cardial surface, there is an infiltrative unen-

capsulated densely cellular neoplasm com-

prised of spindle-shaped to polygonal cells 

arranged in haphazard streams and packets 

with a scant fibrous stroma. Neoplastic cells 

are similar to those described in the facial 

skeletal muscle with large regions of coagu-

lative necrosis scattered throughout the pa-

renchyma. The incorporated myocardial 

muscle fibers are surrounded by neoplastic 

cells and demonstrate shrunken angular sar-

coplasm (atrophy). 

 

Lung: One section of lung is examined. 

Within the pulmonary parenchyma, occa-

sionally surrounding large blood vessels, 

there are multiple variably well-defined to in-

filtrative, unencapsulated, densely cellular 

foci of similar round to polygonal neoplastic 

cells arranged in sheets and packets amongst 

a fine stroma forming thin fibrous septa. Ne-

oplastic cells infiltrate along the pleural 

surface and are present within small pulmo-

nary vessels and alveolar capillaries. Adja-

cent to the neoplastic nodules, there is mini-

mal to mild pulmonary edema with increased 

numbers of foamy macrophages within the 

alveolar lumen.  

 

Immunohistochemical staining with PNL2, 

desmin, CD3, and CD79b were performed on 

sections of the neoplasm in the skeletal mus-

cle of the face. Neoplastic cells were dif-

fusely negative for PNL2, CD3, and CD79b. 

Greater than 90% of the neoplastic cells ex-

hibited strong, diffuse, cytoplasmic immuno-

reactivity with desmin.  

 

Tissues pertinent to the clinical presentation 

but not included in the submission include the 

rostral maxillary bone, nasal cavity, and liver. 

The cortical bone of the rostral maxilla and 

hard palate was disrupted and effaced by ne-

oplastic cells, which extended into the sub-

mucosa of the overlying gingiva and rostral 

nares. The centrilobular sinusoids within the 

liver were mildly dilated and filled with 

blood, interpreted as mild acute passive con-

gestion. 

 

Contributor’s Morphologic Diagnoses:  

1. Skeletal muscle: Rhadomyosarcoma. 

2. Heart and Lung: Metastatic rhadomyo-

sarcoma. 

 

Contributor’s Comment:  

Based on the clinical history, patient signal-

ment, and cellular morphology on histo-

pathology, differentials for the neoplasm in-

cluded an amelanotic malignant melanoma, 

lymphoma, or embryonal tumor, such as a 

rhabdomyosarcoma of juvenile dogs. The im-

munohistochemical staining profile is com-

patible with a rhabdomyosarcoma. The max-

illofacial region is favored as the site of origin 

for this neoplasm, given the clinical history 

and degree of local invasion; however, with 

the extensive multi-organ involvement and 
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overall poor cellular differentiation, a differ-

ent primary location is not entirely ruled out. 

Rhabdomyosarcoma (RMS) is a malignant 

neoplasm of skeletal muscle derived from 

pluripotent stem cells or mesenchymal pro-

genitor cells capable of myogenic differenti-

ation.2 This neoplasm is relatively rare in vet-

erinary species and the current literature sug-

gests this neoplasm more commonly arises in 

dogs younger than 2 years of age.2,3 In the hu-

man medical literature, RMS is considered a 

common head and neck tumor of children.7 

Immunohistochemistry is commonly utilized 

to differentiate RMS from other neoplasms 

because of the variable microscopic appear-

ance, primary locations, and frequent lack of 

well-differentiated skeletal muscle within 

RMS. Due to the inconsistent and variable 

staining properties, as well as lack of speci-

ficity of more commonly available skeletal 

muscle markers (i.e. desmin), a recent publi-

cation suggests the use of immunohistochem-

ical markers MyoD1 and myogenin in con-

junction with desmin, to improve the accu-

racy of diagnosing these challenging tu-

mors.12  

 

Following the histologic classification crite-

ria outlined in the Caserto 2013 review, the 

RMS in this case had features consistent with 

a solid alveolar subtype, characterized by the 

majority of the neoplastic foci arranged in 

sheets of round cells closely packed together 

and divided by thin fibrous septa, reminiscent 

of a “neuroendocrine pattern.” Within the 

current veterinary literature, this subtype is 

less frequently diagnosed; however, the true 

incidence of the different subtypes is unclear 

given the diagnostic challenge and IHC often 

needed to make a definitive diagnosis. There 

is little supporting outcome data in veterinary 

literature to evaluate prognosis between dif-

ferent subtypes; however, alveolar RMS are 

considered more locally aggressive with a 

higher metastatic rate in human patients.2,10 

Case reports of this subtype of canine RMS 

in the veterinary literature frequently note 

significant local invasion into the maxilla and 

an overall, poor clinical progression of dis-

ease, similar to what was seen in this case.4,5, 

7-9 Other primary locations reported in the hu-

man and veterinary literature include the uro-

genital tract, retroperitoneum, tongue, oral 

cavity, larynx, skin, heart, and peripheral ap-

pendicular and axial skeletal muscle. 

 

Perhaps due to the aggressive disease pro-

gression, poor prognosis, and euthanasia at 

time of initial diagnosis, metastatic rate and 

sequelae are relatively less frequently dis-

cussed in regards to RMS of juvenile dogs; 

however, a striking feature of this case is the 

staggering metastatic disease throughout pe-

ripheral lymph nodes, skeletal muscle, and 

thoracic and abdominal cavities. The aggres-

sive nature and pathogenesis of metastasis in 

human alveolar and embryonal RMS have 

been attributed to several mutations in tran-

scription factors. A mutation as a result of 

translocation and fusion of the PAX-FKHR 

genes has been shown to result in uncon-

trolled cell growth, progression through the 

cell cycle, and loss of tumor suppressor func-

tion, and is considered a significant factor in 

the aggressive phenotype seen in alveolar 

RMS.2 The transcription factors LMO4 and 

FOXF1 are involved in tumor migration and 

are shown to be overexpressed in RMS with 

distant metastasis.1 Snail1, a transcription 

factor associated with epithelial-mesenchy-

mal transition, is shown to be highly ex-

pressed in alveolar RMS. It is presumed that 

this contributes to the downregulation of E-

cadherin and increased expression of matrix 

metalloproteinases (MM2 and MM9), further 

promoting tumor invasion and metastasis.1 

The IL4 receptor signaling pathway in RMS 

has also been shown to recruit myoblasts to 

form mature myotubes, stimulate cell prolif-

eration through the JAK/STAT signaling 

pathway, and may be involved with lymph 

node and pulmonary metastasis via CD4+ T  
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Figure 4-5. Skeletal muscle, dog. Neoplastic 
cells demonstrate strong nuclear immunore-
activity to myoblast determination protein.  
(anti-myoD1, 400X) 

cell/TH2 cell activation of tumor-associated 

macrophages.6 While these specific factors 

have not been studied in veterinary species, it 

is possible that a similar tumor pathogenesis 

contributes to the aggressive behavior of this 

neoplasm in dogs.  

 

In this case, the patient’s clinical decline is 

attributed to the extensive metastatic disease 

leading to multi-organ dysfunction. Given 

the degree of neoplastic infiltrate within the 

myocardium, it is presumed there was some 

degree of cardiac dysfunction resulting in 

early congestive heart failure, demonstrated 

by the pathologic changes of acute passive 

congestion in the liver and significant pleural 

effusion. Furthermore, the local neoplastic 

invasion into the maxilla combined with ex-

tensive multi-organ involvement likely con-

tributed to the patient’s hyporexia and ulti-

mately the progression of clinical disease. 

 

Contributing Institution:  

University of Pennsylvania 

School of Veterinary Medicine 

Department of Pathobiology 

https://www.vet.upenn.edu/veterinary-hospi-

tals/ryan-veterinary-hospital/services/diag-

nostic-laboratories 

 

JPC Diagnosis: 

Skeletal muscle, heart, lung: Rhabdomyosar-

coma, alveolar type. 

 

JPC Comment:   

As the contributor notes, rhabdomyosarcoma 

(RMS) presents a diagnostic challenge due to 

its variable histomorphology and lack of evi-

dent skeletal muscle differentiation on light 

microscopic evaluation. Skeletal muscle be-

gins its developmental journey as embryonic 

mesoderm that differentiates into myogenic 

progenitor cells under the control of tran-

scription factors such as PAX3 and PAX7.2 

These myogenic progenitor cells proliferate 

and form immature myoblasts under the di-

rection of myoblast determination protein  1 

(MyoD1), a transcription factor that acts at 

hundreds of gene promoters to drive my-

oblast proliferation.2 Via an unknown mech-

anism, myoblasts fuse and elongate and their 

nuclei line up in rows, forming myotubes 

with multiple nuclei and shared cytoplasm. 

Myogenin, a transcription factor in the same 

family as MyoD1, then directs the myotubes 

to begin producing actin and myosin-contain-

ing sarcomeres that are characteristic of skel-

etal muscle.2 Myogenin causes cell cycle ar-

rest, leading to terminally differentiated mus-

cle fibers without replicative capacity; how-

ever, satellite cells at the periphery of the my-

otubes persist as stem cells which are acti-

vated when myocytes are damaged.2 Mature 

skeletal muscle expresses very little to no 

MyoD1 or myogenin, but are immunoreac-

tive for desmin, a muscle-specific intermedi-

ate filament.2 

 

In veterinary medicine, RMSs are typically 

diagnosed using histologic evaluation sup-

plemented by desmin IHC staining; however, 

desmin is expressed in many canine neo-

plasms, including leiomyosarcomas, leiomy-

omas, and malignant fibrous histiocytomas, 

and, consequently, positive desmin immuno-

reactivity has a specificity of around 70% for 
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RMS.12 For this reason, when rhabdomyosar-

coma is suspected, the current recommenda-

tion is to run an IHC panel consisting of des-

min, MyoD1, and myogenin, all of which 

were positive in this tumor.12 

 

Canine RMSs are subclassified into three 

broad categories: embryonal, alveolar, and 

pleomorphic. Embryonal RMSs are charac-

terized by neoplastic cells that exhibit differ-

ent stages of development, from myoblastic 

cells to myotubular cells. Embryonal RMSs 

are further divided into myotubular (multinu-

cleated and elongated tubular cells), rhabdo-

myoblastic (large round cells with abundant 

cytoplasm), and spindle cell (fusiform cells 

arranged in streams) variants, depending on 

which embryonal features predominate.2 Al-

veolar RMSs are further subclassified into 

classic alveolar RMS, where fibrous bands 

divide small round cells into clusters, and 

solid alveolar RMS, characterized by closely 

packed round cells with or without thin fi-

brous septa.2 Finally, pleomorphic RMSs are 

characterized by haphazardly arranged spin-

dle cells with marked anisocytosis and aniso-

karyosis with bizarre mitotic figures.2 We 

agree with the contributor that the histologic 

features of this tumor most closely resembles 

a solid alveolar RMS. While histologic sub-

type carries prognostic significance in human 

RMSs, these associations have not yet been 

established in veterinary medicine. 

 

Conference discussion focused on the various 

subtypes of rhabdomyosarcoma and the use 

of immunohistochemical stains (desmin, 

MyoD1, myogenin, and PTAH) used to diag-

nose them. The moderator drew attention to a 

subtype of embryonal rhabdomyosarcoma, 

the botryoid rhabdomyosarcoma, which most 

frequently occurs in the trigone of the urinary 

bladder in young, large breed dogs. Grossly, 

this tumor has a polypoid (“botryoid,” or 

“grape-like”) appearance that projects into 

the lumen of the urinary bladder. 

Histologically, this subtype contains undif-

ferentiated myoblast cells and multinucleated 

myotube cells in a myxomatous stroma. 
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WSC 2023-2024 

Conference 6 Self-Assessment 

1. What is the most common presentation of atherosclerosis in birds? 

a. Limb paresis 

b. Abdominal distention 

c. Head tilt 

d. Sudden death 

 

2. Which of the following has not been described as a cause of atherosclerosis in the 

dog? 

a. Hypothyroidism  

b. Diabetes mellitus  

c. Breed-related hyperlipidemia 

d. Addison’s disease 

 

3. True or false:  Small intestinal mucinous adenocarcinomas are one of the most com-

mon neoplasms in aged NHPs? 

a. True 

b. False 

 

4. Viral inclusions associated with gallid herpesvirus-1 infection are seen in which of the 

following periods? 

a. 1-3 dpi 

b. 2-5 dpi 

c. 7-10 dpi 

d. 10-14 dpi 

 

5. Which of the following immunohistochemical markers is least useful inidentifiection 

of rhabdomyosarcoma in the dog? 

a. Desmin 

b. MyoD1 

c. Muscle-specific actin 

d. Myogenin 
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CASE I:   

 

Signalment:  

9-year-old, male neutered mixed breed dog, 

canine (Canis familiaris)  

 

History:  

This patient developed skin nodules primar-

ily affecting the distal forelimbs. The nodules 

were pruritic, alopecic, and erythematous, 

with minimal hemorrhagic exudate. Prior 

treatments included antibiotics, ivermectin, 

and lime sulfur dips.  

The patient is a raccoon hunting dog who 

lives in an outdoor kennel with a concrete 

floor and no bedding. The dog has not trav-

eled since the lesions began. Approximately 

6 months after the nodules developed, multi-

ple punch biopsies were collected from the 

right elbow and metacarpus and submitted 

for examination. 

Laboratory Results: 

A deep skin scraping revealed suspected lar-

val nematodes as well as inflammatory cells 

and mixed bacteria. 

A bacterial culture of the skin grew Staphylo-

coccus pseudintermedius.   

Microscopic Description:  

Diffusely, follicles are large and distended 

with keratin and occasional nematode larvae 

that are 20-30 microns in diameter with dou-

ble lateral alae and a rhabditiform esophagus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1. Haired skin, dog. There are pruritic, 
alopecic, and erythematous nodules within the 
skin.  (Photo courtesy of:  University of Tennes-
see, College of Veterinary Medicine, Depart-
ment of Biomedical and Diagnostic Sciences 
http://www.vet.utk.edu/depart-
ments/path/index.php) 

There is hyperplasia of the follicular epithe-

lium. Adnexa are surrounded by plasma cells 

and fewer lymphocytes. There are multifocal 

aggregates of macrophages, neutrophils, and 

eosinophils with fewer multinucleated giant 

cells which tend to be at the base of follicles. 

In some sections, this inflammation is associ-

ated with follicular rupture with release of 

free keratin, and presumably nematodes, into 

the periadnexal dermis. There are varying de-

grees of hemorrhage and fibrosis around the 

ruptured follicles. Some follicles also contain 

bacterial cocci. There is diffuse mild epider-

mal hyperplasia with ortho-keratotic hyper-

keratosis. 
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Figure 1-2. Haired skin, dog. A single biopsy of 
haired skin is submitted for examination. There 
is diffuse epidermal and follicular epithelial hy-
perplasia, and hair follicles are dilated.  (HE, 5X) 

Contributor’s Morphologic Diagnosis:  

Haired skin: Widespread periadnexal plas-

macytic dermatitis with intrafollicular larval 

nematodes and multifocal follicular rupture 

with pyogranulomatous dermatitis. 

Contributor’s Comment: 

The clinical, cytologic, and histologic find-

ings are consistent with follicular Pelodera 

strongyloides infection. P. strongyloides is a 

free-living rhabditid nematode that lives in 

decaying organic matter. Infections are rare, 

and most infections in the United States have 

been reported in the Midwestern states.5 In-

fections are often associated with dirty envi-

ronments or the use of damp straw for bed-

ding.1,5  Cattle, swine, dogs, horses, rodents, 

sheep, and humans are infected by exposure 

to infested organic matter.1,2,5 Lesions occur 

at sites of contact with contaminated materi-

als, which, in dogs, are primarily the 

ventrum, paws, distal limbs, perineum, and 

tail. Short-coated dogs may be more easily 

parasitized.5 Removal of the animal from in-

fected bedding may clear the infection, alt-

hough treatment with anti-parasitics is also 

warranted.6 Fittingly, this dog is a short-

haired hound dog mix whose lesions were 

primarily on the distal forelimbs. 

Clinically, an erythematous maculopapular 

rash with variable alopecia is reported. The 

lesions are extremely pruritic, so there may 

be associated self-trauma.5 Histologically, 

there is epidermal hyperplasia with hyperker-

atosis and follicular keratosis. The nematodes 

can be found in hair follicles and in the super-

ficial keratin.5 Follicular nematode larvae can 

penetrate the follicular infundibula, inciting 

folliculitis that can progress to furunculosis 

and pyogranulomatous dermatitis.2 Adnexa 

are surrounded by mixed inflammatory cells, 

including eosinophils, lymphocytes, plasma 

cells, macrophages, and mast cells.5 

The nematodes are recognized by their small 

size, double (or paired) lateral alae, rhabditi-

form esophagus, platymyarian musculature, 

and intestine lined by uninucleated cells.3,4 

Given the small size of these nematodes, 

identification of some of these structures on 

histologic examination is challenging. 

Lesions in this dog initially persisted despite 

appropriate antibiotic therapy, cleaning the 

environment, and ivermectin treatment. Le-

sions eventually improved and skin scrapes 

were negative following treatment with the 

antibiotic Simplicef (cefpodoxime proxetil) 

and the broad-spectrum anti-parasitic Ad-

vantage Multi (imidacloprid and moxidec-

tin). 

 

Figure 1-3. Haired skin, dog. Follicles are ec-
tatic and contain keratin debris and numer-
ous nematode larvae.  (HE, 400X) (Photo 
courtesy of:  University of Tennessee, Col-
lege of Veterinary Medicine, Department of 
Biomedical and Diagnostic Sciences)  
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Figure 1-4. Haired skin, dog. Larvae have dou-
ble lateral alae.  (HE, 400X) (Photo courtesy 
of:  University of Tennessee, College of Vet-
erinary Medicine, Department of Biomedical 
and Diagnostic Sciences) 

A complete blood count identified consistent 

leukopenia of unknown cause, so concurrent 

immunosuppression may have contributed to 

the infection and delayed response to treat-

ment. 

Contributing Institution:  

University of Tennessee 

College of Veterinary Medicine 

Dept. of Biomedical and Biological Sciences 

http://www.vet.utk.edu/departments/path/in-

dex.php 

 

JPC Diagnosis: 

Haired skin: Dermatitis and folliculitis, lym-

phoplasmacytic, moderate, with furunculosis 

and numerous intrafollicular nematode larvae 

and adults. 

 

 

 

 

 

JPC Comment:   

Pelodera is an uncommon cause of canine 

dermatitis that receives only rare mention in 

veterinary literature. The contributor pro-

vides an excellent summary of this condition.  

 

One of the main differentials for canine 

Pelodera dermatitis is hookworm dermatitis 

caused by Ancylostoma caninum, Ancy-

lostoma braziliense, Ancylostoma ceylan-

icum, or Uncinaria stenocephala.7 Similar to 

Pelodera dermatitis, hookworm dermatitis 

occurs on areas of the body in frequent con-

tact with the ground, including the distal 

limbs and feet, ventrum, and tail. The third-

stage hookworm larvae that invade the skin 

are generally not host-specific, leading to 

possible cutaneous larval migrans in many 

aberrant hosts, such as humans.7 Clinical 

signs can include secondary pyoderma and 

paronychia and epidermal hyperplasia; histo-

logic lesions include eosinophilic, neutro-

philic, and histiocytic perivascular dermatitis 

with degenerate leukocytes lining cutaneous 

migration paths.7  In addition to Pelodera, 

Ancylostoma, and Uncinaria, other helminth 

genera that can cause cutaneous larval mi-

grans include Necator, Strongyloides, Gna-

thostoma, and Bunostoma.7  

 

 
Figure 1-5. Haired skin, dog. Larvae have a 
rhabditiform esophagus. (HE, 400X) (Photo 
courtesy of: University of Tennessee, College 
of Veterinary Medicine, Department of Bio-
medical and Diagnostic Sciences) 
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Figure 1-6. Haired skin, dog. There is a rup-
tured hair follicle which is replaced by 
pyogranulomous inflammation. (HE, 300X) 

 

The week’s conference was moderated by Dr. 

Charles Bradley, Assistant Professor of 

Pathobiology at the University of Pennsylva-

nia School of Veterinary Medicine. Dr. Brad-

ley discussed several cutaneous nematodi-

ases in various species. Examples included 

Onchocerca cervicalis, associated with eq-

uine bursitis (delightfully named “fistulous 

withers” and “poll evil,” depending on loca-

tion), and the ventral midline filarial derma-

titis caused by Stephanofilaria stilesi in cat-

tle. In the cutaneous nematode universe, 

however, only Pelodera invades the hair fol-

licle and causes folliculitis and furunculosis, 

making for a straight-forward, if uncommon, 

diagnosis. 

 

Dr. Bradley also discussed carefully curating 

morphologic diagnoses by including only 

histologic features essential to the diagnosis; 

histologic features that are nonspecific, inci-

dental, or not prominent are better left to the 

description. To that end, the JPC morpho-

logic diagnosis was ruthlessly pruned to 

highlight the essentials of this condition: the 

intrafollicular parasites and associated follic-

ular inflammation. 
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CASE II:  

 

Signalment:  

6-year-old, male neutered American pit bull 

terrier, canine (Canis familiaris) 

 

History:  

The patient had chronically pruritic, erythem-

atous, and hyperplastic skin with numerous 

comedones. A prior history of intermittent 

superficial and deep pyoderma was reported. 

Gross Pathology:  

Lesions were predominantly on the ventral 

abdomen, inner thighs, and cranial hind 

limbs, but were also present over the dorsum 

and top of the head. 
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Figure 2-1. Haired skin, dog. Three sections of 
haired skin are submitted for examination. At 
low magnification, there are several large 
comedones within the submitted tissue. (HE, 
5X) 

 

Laboratory Results: 

Superficial and deep skin scraping was per-

formed and was negative for ectoparasites.  

 

Surface cytology was performed and was re-

ported as pyogranulomatous inflammation 

with the presence of cocci. 

 

Aerobic culture and sensitivity of the skin 

surface was performed and Staphylococcus 

pseudintermedius sensitive to most antimi-

crobials was cultured.   

 

Microscopic Description:  

The epidermis is moderately hyperplastic 

with occasional dysplastic keratinocytes (in-

creased nuclear to cytoplasmic ratio in the 

stratum spinosum) with suprabasal mitoses, 

and infrequent hypergranulosis. There are 

rare suprabasilar apoptotic keratinocytes 

(sunburn cells). There is multifocal parakera-

totic hyperkeratosis. Follicular infundibula 

are markedly expanded by keratin (comedo-

nes) and surrounded by a rim of fibrosis. The 

superficial dermis has numerous wavy baso-

philic fibers (solar elastosis) and superficial 

fibrosis. There is a mild perivascular and 

perifollicular infiltrate of lymphocytes, 

plasma cells, and histiocytes with multifocal 

edema. There is a small focus of free keratin 

surrounded by macrophages adjacent to one 

of the comedones. The other sample (not sub-

mitted) demonstrated comedone rupture with 

pyogranulomatous dermatitis.  

Contributor’s Morphologic Diagnosis: 

Haired skin: Epidermal dysplasia with solar 

elastosis, comedones, and mild dermatitis 

(actinic dermatosis). 

Contributor’s Comment:  

This case exhibits classic features of actinic 

dermatosis, also called solar dermatosis or 

actinic keratosis. Exposure to ultraviolet ra-

diation (most often sunlight) leads to epider-

mal hyperplasia and dysplasia with scattered 

suprabasilar mitoses and apoptotic keratino-

cytes (“sunburn cells”). The stratum corneum 

often exhibits parakeratotic hyperkeratosis. 

In the dermis, elastin fibers are degenerate 

and appear as thick, wavy, basophilic strands 

(solar elastosis). Laminar fibrosis occurs in 

the superficial dermis and extends around 

follicular infundibula, which dilate to form 

comedones. There may also be a layer of 

pale, smudgy collagen fibers in the superfi-

cial dermis. There is often a superficial peri-

vascular infiltrate of lymphocytes, plasma 

cells, and fewer macrophages, neutrophils, 

and occasionally eosinophils. Comedones 

may rupture, leading to furunculosis, and le-

sions can also become secondarily infected. 

Some cases may exhibit vasculopathy or pro-

liferation of superficial dermal vessels.2  The 

epidermis may exhibit hyperpigmentation, 

though this change is not observed in this pa-

tient’s nonpigmented skin.4 

Because exposure to sunlight is the initial 

step in the pathogenesis of actinic dermatosis, 

affected dogs are often known sunbathers and 

may live at low latitudes or high altitudes. Le-

sions are most common on sparsely haired ar-

eas, such as the ventral abdomen, inguinum, 

axilla, dorsal muzzle, and periorbital regions.  
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Figure 2-2. Haired skin, dog. There is mild to 
moderate epidermal hyperplasia and several 
large comedones. There is mild multifocal 
perivascular inflammation. (HE, 18X) 

 

Non-pigmented areas are also more com-

monly affected. Predisposed dog breeds in-

clude short-haired dogs such as pit bulls, box-

ers, whippets, Dalmatians, greyhounds and 

Italian greyhounds, beagles, and basset 

hounds.2  

Actinic dermatosis is also commonly ob-

served in cats, horses, cattle, and humans. In 

cats, predisposed locations include the face 

and pinnae. In horses and cattle, lesions are 

often found on the eyelids (including third 

eyelid), conjunctiva, and perineum.7 Grossly, 

actinic dermatosis appears as patchy ery-

thema, crusts, macules, and papules, pro-

gressing to plaques and nodules that may be 

ulcerated. Comedones may be grossly visible 

as dark foci or small nodules. Multiple le-

sions are often present, as solar exposure oc-

curs over a large area of the patient. 2  

Several of the changes described above are 

protective mechanisms of the epidermis 

against damage caused by UV radiation. Mel-

anin blocks UV radiation and absorbs free 

radicals.1,4 Hyperpigmentation of the epider-

mis occurs via an immediate redistribution of 

existing melanin or more chronically via in-

creased melanin synthesis by melanocytes 

and increased transfer of melanin to keratino-

cytes, which appears histologically as “hats” 

over the keratinocyte nuclei.4 Epidermal 

hyperplasia and hyperkeratosis, stimulated 

by epidermal growth factors released after 

UV exposure, provides an increased physical 

barrier. 1 

If protective mechanisms fail, the epidermal 

dysplasia of actinic dermatosis can progress 

to in situ and then frank squamous cell carci-

noma (SCC). Dogs with solar-induced SCC 

may have a longer median survival time than 

dogs with SCC without evidence of solar 

damage.8 UV light causes cross-linking of 

pyrimidine nucleosides into pyrimidine di-

mers, which distort the structure of the DNA 

double helix, leading to DNA replication fail-

ure and cell death or transformation. 4 Addi-

tionally, investigation into the molecular ba-

sis for actinic dermatosis and carcinogenesis 

in humans demonstrates similar genetic 

dysregulation between actinic dermatosis and 

SCC and implicates UV-induced mutations 

in p53.5,6 Other solar radiation-induced neo-

plasms, such as hemangioma/hemangiosar-

coma, may occur concurrently in animals 

with solar exposure.2,4 Basal cell carcinomas 

and squamous cell carcinomas in humans are 

both linked to UV exposure, and p53 muta-

tions are commonly found in these tumors.3 

 
Figure 2-3. Haired skin, dog. There are numer-
ous mitotic figures in the hyperplastic epider-
mis, and some above the basal layer. (HE, 
229X) 
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Contributing Institution:  

University of Pennsylvania 

School of Veterinary Medicine 

https://www.vet.upenn.edu/veterinary-hospi-

tals/ryan-veterinary-hospital/services/diag-

nostic-laboratories 

 

JPC Diagnosis: 

Haired skin: Epidermal dysplasia, mild to 

moderate, with keratinocyte apoptosis, solar 

elastosis, and comedones. 

 

JPC Comment:  

As the contributor notes, DNA damage due 

to sunlight exposure is the inciting cause of 

actinic dermatosis and the malignant trans-

formation of keratinocytes that may occur 

with prolonged exposure. Sunlight contains 

three types of ultraviolet radiation that reach 

the earth’s surface: long wavelength UVA ra-

diation in the 400-315 nm spectrum, UVB ra-

diation (315 to 280 nm), and short-wave 

UVC radiation (280 to 100 nm).9 The vast 

majority of UV radiation that reaches the skin 

of humans and animals is UVA radiation, as 

all but approximately 5% of UVB radiation, 

and all UVC radiation, is absorbed by atmos-

pheric ozone.1,9 Once UV light reaches the 

skin, host factors such as amount and type of 

hair and melanin pigmentation within the 

skin, as well as environmental factors, ulti-

mately determine the amount of UV exposure 

received by the skin of a particular animal.9 

 

 
Figure 2-4. Haired skin, dog. There are occa-
sional necrotic keratinocytes scattered 
throughout the stratum spongiosum (“sun-
burn cells”) (HE, 386X) 

 

UV radiation is considered a “complete car-

cinogen” in that it is both a mutagen, due to 

its direct effects on DNA, and a non-specific 

damaging agent, giving it properties of both 

a tumor initiator and a tumor promoter.1 In 

the skin, UVA penetrates deeply into the der-

mis and is efficient at generating reactive ox-

ygen species that damage DNA via indirect 

photosensitizing reactions.1 In contrast, UVB 

is almost completely absorbed by the epider-

mis, where it is directly absorbed by DNA 

within keratinocytes, leading to molecular re-

arrangements, such as covalent bonds be-

tween adjacent thymine or cytosine bases 

(“pyrimidine dimers”).1,9 Most pyrimidine 

dimers are removed by DNA repair mecha-

nism; however, some pyrimidine dimers es-

cape this process and cause cells either to un-

dergo apoptosis, leading to the “sunburn 

cells” seen in actinic keratosis, or to accumu-

late DNA mutations during subsequent repli-

cation, leading to neoplasia.1,9 

 

The lesions of actinic dermatosis described 

by the contributor and well-illustrated in this 

case, are a result of chronic exposure to UVB 

and UVA radiation. At the outset, lesions ap-

pear grossly as areas of erythema with scaling 

and crusting, followed by the appearance of 

papular or plaque-like foci of thick, licheni-

fied, erythematous crusted patches and 

plaques.4,9 Progression to in situ carcinoma, 

squamous cell carcinoma, or basal cell tu-

mors may occur in areas of preneoplastic ac-

tinic dermatosis.9 

 

Exposure to UV radiation can also damage 

skin through photosensitization. Photosensi-

tization is skin damage due to the interaction 

of UV radiation and photodynamic chemicals 

within the skin.9 When UV radiation interacts 

with photodynamic chemicals, the released 

energy produces a range of reactive oxygen 

species that damage cell membranes, DNA, 

proteins, and organelles, causing cell activa-

tion, degeneration, and/or death.9  
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Figure 2-5. Haired skin, dog. There is fibrilla-
tion of the superficial dermal elastic fibers 
(solar elastosis). (HE, 244X) 

 

Photosensitization injury is classified into 

four types based on the origin of the photody-

namic substance. In type I (primary) photo-

sensitization, the photodynamic substance is 

ingested by the animal, usually in the form of 

plants or drugs, and then absorbed systemi-

cally and deposited into the skin. Type II pho-

tosensitization occurs via accumulation of 

endogenous hematoporphyrins due to the in-

ability to properly metabolize heme pig-

ments. Type III photosensitization occurs 

when phylloerythrin, a chlorophyll degrada-

tion product, accumulates in the skin; this is 

also known as hepatogenous photosensitiza-

tion since deposition in the skin is due to the 

inability of the liver to disposing of phyl-

loerythrin normally. Finally, type IV photo-

sensitization refers to photosensitization for 

which the pathogenesis is unknown.4  

A final way that UV radiation can damage 

skin is through photoallergy. Photoallergy is 

distinct from photosensitization and occurs 

when an exogenous photodynamic substance 

functions as an antigen.4,9 Gross and histo-

logic pathology is typically due either to an 

immediate, Type I hypersensitivity reaction 

or a delayed, Type IV cell-mediated hyper-

sensitivity reaction in which the photoacti-

vated substance acts either as a hapten or an 

allergen.9 

 

Conference participants appreciated the im-

pressive comedones in the examined section. 

Actinic comedones such as these can be dis-

tinguished from regular comedones by their 

concentric, peripheral fibrosis and the lack of 

attenuation of the outer root sheath. Inflam-

mation resulting from the rupture of an ac-

tinic comedone is sometimes called solar fu-

runculosis. 

 

The moderator also pointed out the substan-

tial dysplastic changes evident within the ep-

ithelium, including suprabasilar mitotic ac-

tivity, irregularly piling up of keratinocytes, 

and the formation and elongation of rete 

ridges. In human medicine, these changes 

might be enough for a diagnosis of in situ 

squamous cell carcinoma; however, veteri-

nary medicine tends to be more cautious of 

making this leap. The moderator noted that 

the epithelium appeared to be well on its way 

to malignant transformation. 

 

Finally, the moderator discussed the im-

portance of differentiating feline actinic der-

matosis from Bowenoid in situ carcinoma 

(BISC), which can exhibit more aggressive 

and invasive biological behavior. Compared 

to actinic dermatosis, in BISC, keratinocytes 

in all layers of the epidermis typically ap-

pear more basaloid, rete ridges tend to be 

more bulbous and extend farther into the 

dermis, and dysplastic changes extend to the 

follicular outer root sheath.  
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CASE III:   

 

Signalment:  

11-year-old, male neutered domestic short 

hair, feline (Felis catus) 

 

History: 

The patient is an outdoor cat with a com-

pleted vaccination protocol and no other ani-

mals live in the same household. The cat de-

veloped skin lesions due to dermatophytosis 

and was treated with itraconazol. There was 

partial remission of the skin lesions; 

however, approximately five months later, 

the skin lesions progressed despite therapy.   

 

Gross Pathology:  

Clinical examination of the skin showed se-

vere diffuse exfoliation and crust formation. 

In addition, the skin presented with mild to 

moderate multifocal erythema and follicular 

casts. The ear canal was filled with dry and 

brown secretions. 

 

Laboratory Results: 

Cytological examination of the skin crusts re-

vealed numerous neutrophils and bacterial 

cocci. Trichogram examination revealed the 

presence of follicular casts. A skin scraping 

was negative for ectoparasites. Wood lamp 

examination was negative for fungal micro-

organisms. Blood evaluation revealed mild 

thrombocytopenia and a mild increase in 

ALT.  

 

Chest radiographs revealed a mass in the 

thymic region. Cytologic evaluation of an ul-

trasound guided fine needle aspirate of the 

mass was diagnosed as epithelial thymoma.  

 

 
Figure 3-1. Haired skin, cat. Four sections of 
haired skin are submitted for examination. At 
low magnification, a dense layer of hyper-
keratosis is evident. (HE, 5X) 

 



148 
 

 
Figure 3-2. Haired skin, cat. A dense layer of 
hyperkeratosis covers a mildly hyperplastic 
epidermis. (HE, 16X) 

 

Microscopic Description:  

Histological examination of the skin sections 

revealed a marked, diffuse predominantly or-

thokeratotic and, to a lesser degree, parakera-

totic hyperkeratosis of the epidermis. Multi-

focally, small aggregates of neutrophils as 

well as extravasated erythrocytes (haemor-

rhage) and occasional small bacterial colo-

nies (coccoid bacteria, not seen in all slides) 

can be seen. The epidermis and hair follicle 

infundibula are moderately thickened (acan-

thosis). The following changes are seen in the 

epidermis and, to a lesser degree, in hair fol-

licles: disruption and vacuolation (interpreted 

as hydropic degeneration) of the basal 

keratinocytes; an infiltrate of small lympho-

cytes within the stratum basale and rarely 

within upper layers (exocytosis); scattered 

isolated deeply eosinophilic and rounded 

cells (apoptotic cells) with loss of cohesion 

from other keratinocytes in all epidermal lay-

ers; increased numbers of intraepidermal 

melanocytes; and increased numbers of 

keratinocytes with intracytoplasmic melanin 

(hyperpigmentation). A moderate band-like 

mononuclear infiltrate composed mainly of 

lymphocytes, plasma cells, occasional mela-

nin-laden macrophages (interpreted as mela-

nin incontinence), and mast cells is seen in 

the superficial dermis and around hair folli-

cles. This infiltrate obscures the dermo-epi-

dermal junction (interpreted as interface der-

matitis). Sebaceous glands are absent. 

 

Contributor’s Morphologic Diagnosis:  

Haired skin: Moderate to severe lymphocytic 

interface dermatitis with mild transepidermal 

apoptosis, moderate to severe parakeratotic 

hyperkeratosis, and severe atrophy of seba-

ceous glands. 

 

Contributor’s Comment:  

Thymoma associated exfoliative dermatitis is 

a rare paraneoplastic syndrome which has 

been reported in middle-aged to older cats af-

fected by a thymoma.7,12 This condition has 

also been reported in rabbits and goats.1,5 In 

cats, the exfoliative dermatitis regresses after 

thymectomy.2,7,13 Other thymoma associated 

paraneoplastic syndromes include myasthe-

nia gravis in cats and dogs, erythema multi-

forme in dogs, and granulocytopenia in 

cats.4,13,15,16  

 

Affected cats present with alopecia, crusting, 

scaling, desquamation, and erythema usually 

starting from the head and progressing to the 

rest of the body.2,6,12 Keratinaceous debris 

may build up in interdigital spaces and claw 

folds. Pruritis is usually absent unless there 

are dermal lesions, namely alopecia and ex-

foliation, are reported in goats and rabbits.1,5  

 

Typical histopathological lesions in cats in-

clude orthokeratotic and parakeratotic hyper-

keratosis, extensive desquamation and tran-

sepidermal keratinocyte apoptosis, as well as 

apoptosis of keratinocytes in the follicular in-

fundibula. In addition, there is hydropic de-

generation of the basal keratinocytes and cell 

poor to cell rich CD3+ lymphocytic interface 

dermatitis. The infiltrative lymphocytes can 

lead to mural folliculitis with subsequent at-

rophy of sebaceous glands. Pigmentary in-

continence and concurrent Malasezzia infec-

tions have also been reported.7,12 Similar his-

tologic lesions have been described in goats 

and rabbits.1,5  
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In humans, thymomas have been shown to 

produce autoantigen responsive CD4+ T 

cells. This has been shown to occur in para-

secondary bacterial or yeast infection.7 Clin-

ical signs in cats may include lethargy, ano-

rexia, coughing, and dyspnoea.2,12 Similar 

neoplastic myasthenia gravis, erythema mul-

tiforme, and graft versus host disease. It is 

therefore proposed that the same occurs in 

thymoma associated exfoliative dermatitis in 

cats due to the occurrence of auto reactive T 

lymphocytes targeting keratinocytes.12 Dif-

ferential diagnoses of thymoma associated 

exfoliative dermatitis in cats according to his-

tological features of the lesion include non-

thymoma associated exfoliative dermatitis, 

systemic lupous erythematosus, erythema 

multiforme, and sebaceous adenitis.7  

 

Nonthymoma associated exfoliative dermati-

tis is clinically and histologically indistin-

guishable from the thymoma associated exfo-

liative dermatitis.3,10 The diagnosis is based 

on the demonstration of the absence of 

thymic neoplasia and the lesions usually re-

solve after administration of cyclospor-

ine.3,10,14 

 

Erythema multiforme has similar histologic 

lesions to thymoma-associated exfoliative 

dermatitis. The lesions in thymoma associ-

ated exfoliative dermatitis present with 

milder transepidermal apoptosis in compari-

son to erythema multiforme.6,7,12 In addition, 

the clinical skin lesions differ and are mainly  

characterised by erythematous macules, pap-

ules or plaques over the dorsum and spread-

ing peripherally.7,8  

 

Lupus erythematosus is considered another 

differential due to histologic similarities. 

The difference is that in lupus erythemato-

sus, there is usually a more prominent inter-

face dermatitis and mild apoptosis restricted 

to the basal cells.7 Gross lesions in lupus 

erythematosus include erosions and ulcera-

tions on the face, particularly on the nose.8 

 

Feline sebaceous adenitis is considered a dif-

ferential when the sebaceous glands are ab-

sent or reduced in number. However, the in-

flammation will be confined to the follicular 

isthmus and apoptosis is absent in sebaceous 

adenitis.7 A final diagnosis of thymoma-asso-

ciated exfoliative dermatitis is achieved by 

evaluation of skin biopsies and demonstra-

tion of simultaneously occurring thymic neo-

plasia.1   

 

Contributing Institution:  

Institute of Veterinary Pathology  

Vetsuisse-Faculty, University Zurich  

Winterthurerstrasse 268  

8057 Zurich, Switzerland   

 

JPC Diagnosis: 

Haired skin: Dermatitis and mural folliculitis, 

lymphocytic, cytotoxic interface, moderate, 

with epidermal hyperplasia, parakeratotic hy-

perkeratosis, and sebaceous gland loss. 

 

 
Figure 3-3. Haired skin, cat. A band of low 
numbers of lymphocytes is present at the 
dermoepidermal junction and infiltrates the 
overlying, often vacuolated basal epithelium. 
(HE, 305X) 
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JPC Comment:   

Thymomas are rare in dogs and cats and arise 

from the epithelium of the thymus. Curi-

ously, thymomas are classified as benign or 

malignant based on their ability to be resected 

at surgery, and not based on histopathologic 

criteria.13 Regardless of classification, metas-

tasis is uncommon and recurrence after sur-

gical resection is rare.13 

 

Patients with thymomas may seek veterinary 

care due to respiratory symptoms from the 

primary tumor or for clinical signs referrable 

to any one of several reported paraneoplastic 

syndromes. As the contributor notes, the 

most common thymoma-associated parane-

oplastic syndromes include exfoliative der-

matitis, erythema multiforme, myasthenia 

gravis, granulocytopenia, and polymyositis. 

The association between thymoma and exfo-

liative dermatitis is poorly understood; how-

ever, immune-mediated injury is the current 

leading theory based on the characteristic 

presence of a T cell-rich cytotoxic interface 

dermatitis.12  

 

In health, T cells are prevented from attack-

ing self-antigens due to central and peripheral 

tolerance. Central tolerance begins during T 

cell development in the thymus, where rear-

rangement of T cell receptors generates a 

panoply of epitope receptors sufficient to rec-

ognize all possible antigens encountered 

during the life of the animal. In this genera-

tive process, T cell receptors are inadvert-

ently  created which have a high affinity for 

self-peptides. These T cells are screened in 

the thymic medulla and are either eliminated 

via apoptosis (“clonal deletion”) or differen-

tiated into thymically-derived T regulatory 

cells (“clonal diversion”).11  

 

Screening of self-reactive T lymphocytes is 

achieved through a remarkable process of so-

called “promiscuous gene expression” by a 

subset of thymic epithelial cells called me-

dullary thymic epithelial cells (mTECs).11 

These mTECs present self-antigens to devel-

oping T lymphocytes and expose maturing T 

lymphocytes to a nearly complete representa-

tion of the animal’s protein coding genome.11 

T lymphocytes that pass this screening (i.e., 

have low binding affinity for self-peptides) 

are tolerant for most proteins in the animal’s 

body.11 A key player in this system is the 

transcriptional regulator Autoimmune Regu-

lator (AIRE) protein, which is highly ex-

pressed in mTECs where it promotes promis-

cuous gene expression of a wide array of tis-

sue-specific antigens for presentation to the 

developing T lymphocytes. 

 

The processes of central tolerance work well, 

but not perfectly; thus, occasionally self-re-

active T lymphocytes slip through the thymic 

cracks and are released into systemic circula-

tion. In addition, though the mTECs present 

developing T cells with an impressive array 

of self-peptides, they do present them with all 

possible self-peptides. The processes of pe-

ripheral tolerance, most notably anergy and 

deletion of self-reacting lymphocytes, acts as 

a second line of defense against mature lym-

phocytes that encounter self-peptide for the 

first time outside the context of the thymus.11  

 

Given that the thymus is the key site for es-

tablishing immune tolerance, it is not surpris-

ing that thymic epithelial cell tumors may 

 
Figure 3-4. Haired skin, cat. There is 
effacement of sebaceous glands by 
lymphocytes and macrophages. (HE, 400X) 
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generate syndromes caused by perturbations 

of this system. In humans, myasthenia gravis 

is the most studied thymoma-associated neo-

plastic syndrome. Patients that develop my-

asthenia gravis have cortical thymomas with 

active thymopoiesis (i.e., they retain the abil-

ity to export mature T lymphocytes).9 The ne-

oplastic cells express lower levels of MHC 

Class II and AIRE when compared to normal 

thymic epithelium; thus, defective negative 

screening in the thymus, reduced levels of 

regulatory T cells, and export of autoreactive 

T lymphocytes are the key features associ-

ated with myasthenia gravis in human thy-

moma patients.9 As the contributor notes, it is 

thought that a similar mechanism underlies 

the apparent auto-immune keratinocyte de-

struction characteristic of thymoma-associ-

ated exfoliative dermatitis in a animals. 

 

Conference discussion focused on distin-

guishing exfoliative dermatitis from ery-

thema multiforme, as often the histologic le-

sions can be extremely similar or even iden-

tical. The clinical picture in these two condi-

tions is different, however, with erythema 

multiforme typically causing small multifo-

cal lesions while exfoliative dermatitis tends 

to be more widespread throughout the body.  

Another differential considered, largely due 

to the loss of sebaceous glands, is sebaceous 

adenitis; however, involvement of the epider-

mis in the form of cytotoxic interface derma-

titis in this case rules out a diagnosis of seba-

ceous adenitis, which is characterized by im-

mune destruction of sebaceous units only. 

The loss of sebaceous units probably does 

contribute to the exfoliation in this condition, 

however, as the loss of sebum is a known 

cause of disordered desquamation. Confer-

ence participants discussed several other 

paraneoplastic syndromes, including parane-

oplastic alopecia, nodular dermatofibrosis in 

German Shepherd dogs, paraneoplastic pem-

phigus, and superficial necrolytic dermatitis. 

 

There was spirited discussion among confer-

ence participants surrounding the term “dif-

fuse” when used to describe distribution in 

dermatopathologic lesions. The moderator 

prefers to avoid the term as “nodular to dif-

fuse” dermatitis is one of the eight defined in-

flammatory reaction patterns in veterinary 

dermatopathology and its use in a broader-

sense may be confusing. In this case, the 

moderator felt that the terms “dermatitis” and 

“mural folliculitis” are sufficient to convey 

the distribution of the lesions examined in 

conference. 
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CASE IV:  

 

Signalment:  

8-year-old, female spayed boxer, canine (Ca-

nis familiaris). 

 

History: 

The patient was referred to Auburn Univer-

sity Dermatology specialty service for a dis-

ease affecting all claws of all four paws with 

a clinical duration of approximately six 

months. Affected claws were misshapen,  

fractured, and ranged from soft to brittle. No 

systemic abnormalities were reported at the 

time of admission. 

 

Gross Pathology:  

Multiple claws had moderate paronychia 

characterized by edema, erythema, conges-

tion, and purulent to hemorrhagic exudate at 

the claw fold with keratinous debris around 

the claw. All claws had moderate to severe 

onychodystrophy characterized by onychor-

rhexis, onychomalacia, onycholysis, ony-

chogryphosis, onychauxis, and onychoschi-

zia. An onychobiopsy without onychectomy 

employing the technique described by 

 

Mueller and Olivry (1999) was performed 

and samples were sent for histopathology and 

fungal culture. 

 

 
Figure 4-1. Haired skin and claw, dog. A single 
section of haired skin and fragments of the 3rd 
phalanx and claw are submitted for examina-
tion. (HE, 5X) 
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Laboratory Results: 

Claw tissue submitted for fungal culture was 

negative for dermatophytes. 

 

Microscopic Description:  

Affecting the claw bed, the dermo-epidermal 

junction is blurred by a band-like infiltrate 

composed of moderate numbers of lympho-

cytes, plasma cells, histiocytes, fewer neutro-

phils, and melanin-laden macrophages (pig-

mentary incontinence). At these segments 

and other less inflamed epidermal stretches, 

the basal epithelium is markedly vacuolated 

and interspersed with individualized, shrun-

ken hypereosinophilic keratinocytes with 

pyknotic nuclei (apoptosis). The superficial 

dermis is minimally replaced by a smudgy 

collagenous matrix. Eccrine glands are 

mildly ectatic, filled with amphophilic prod-

uct, and surrounded by mixtures of similar in-

flammatory infiltrates within increased con-

centric bands of fibrous tissue. 

 
Term Definition 

Onychodystrophy Abnormal claw formation 

Paronychia Inflammation or infection 

of the claw folds 

Onychomalacia Softening of the claws  

Onycholysis Separation of the claw 

from the underlying co-

rium but with continuing 

proximal attachment 

Onychogryphosis Hypertrophy and abnor-

mal curvature of the claws 

Onychauxis Hypertrophy of the claws  

Onychoschizia Splitting or lamination of 

claws, usually beginning 

distally 

Onychalgia Claw pain 

Onychomadesis Sloughing of the claws 

(claw shedding) 

Table 4-1. A sampling of claw disorder termi-
nology. Table adapted from Muller and Kirk’s 
Small Animal Dermatology. 7th ed. 2012.  

 

 

 

 

Contributor’s Morphologic Diagnosis:  

Claw to claw base/bed (digit unspecified): 

Dermatitis, interface and lichenoid, lympho-

plasmacytic and histiocytic, moderate, with 

pigmentary incontinence, basal epithelial 

vacuolation, and apoptosis (consistent with 

symmetric lupoid onychodystrophy). 

 

Contributor’s Comment: 

Symmetric lupoid onychodystrophy (SLO), 

also known as symmetric lupoid onychitis, is 

an uncommon primary ungual disease that 

has been described in dogs.1,4,6 This condition 

may occur in dogs of all ages; however, 

young to middle-aged dogs appear to be more 

commonly affected.4 Certain breeds seem to 

be predisposed, including German Shepherd 

and Gordon Setter; nevertheless, SLO has 

been reported in numerous breeds, and sex 

predisposition has not been described.1,4,9  

 

SLO lesions are restricted to the claws and 

affected dogs are usually otherwise healthy 

with no systemic involvement.1 Typically, 

the first clinical signs observed by owners are 

licking of the paws and lameness due to ony-

chalgia or onychomadesis.1,4 Paronychia with 

onycholysis of multiple claws is observed 

and, within weeks, several or all claws of all 

paws are affected.1,3 After sloughing, re-

grown claws are commonly misshapen, brit-

tle, dry, and discolored, and secondary bacte-

rial infections are common.1,4  

 

The cause and pathogenesis of SLO are con-

troversial and have not been completely elu-

cidated.4 In a study with Gordon Setters, dog 

leukocyte antigen (DLA) class II alleles asso-

ciated with the disease and negatively corre-

lated with the disease were described, sug-

gesting a genetic predisposition.9 A case se-

ries reported the detection of antinuclear an-

tibodies in 3/10 Gordon Setters with SLO, 

suggesting that SLO may be an auto-immune 

disease.2 Nevertheless, some authors believe 

that the histopathological findings of SLO,  
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characterized by lichenoid-interface dermati-

tis and basal cell vacuolation/damage affect-

ing the claw represent a tissue response pat-

tern to different conditions and not a separate 

entity.4 For instance, lesions affecting the 

claws with similar histopathological findings 

to those of SLO have been reported in cases 

of leishmaniasis, even when amastigotes 

were not detected in the affected tissue.3 

 

The diagnosis of SLO is usually based on the 

clinical presentation with the disease re-

stricted to the claws/digits and typical histo-

logical findings.4 Distal onychectomy (third 

phalanx [P3] amputation) has been consid-

ered the gold standard method to diagnose 

SLO. An alternative technique, onychobi-

opsy without onychectomy, was employed in 

this case.5 Through this technique, only a por-

tion of the lateral claw matrix is collected, 

and no amputation is necessary; however, 

some downsides include the fact that local-

ized lesions may be missed.5 Other systemic 

diseases may affect the claws, including sys-

temic lupus erythematosus, hepatocutaneous 

syndrome, pemphigus vulgaris, and bullous  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pemphigoid, leading to potentially overlap-

ping gross or microscopic findings; however, 

other cutaneous or systemic lesions are ex-

pected with these diseases.4,7 

 

Several treatments for SLO have been re-

ported with variable success, including sup-

plementation with omega-3 and omega-6 es-

sential fatty acids (EFA), as well as combina-

tions of EFA with other therapies such as top-

ical glucocorticoids, pentoxifylline, and tet-

racycline/niacinamide.1,4,6 In this case, the 

patient showed significant clinical improve-

ment after treatment with pentoxifylline, vit- 

amin E, and omega EFAs. 

 

Contributing Institution:  

Auburn University 

Department of Veterinary Pathobiology 

https://www.vetmed.auburn.edu/academic-

departments/dept-of-pathobiology/ 

 

JPC Diagnosis: 

Nailbed: Onychitis, lymphocytic, cytotoxic 

interface, marked. 

 

Figure 4-2. Nailbed, dog. There is a linear band of lymphocytes subjacent to the germinative epi-
thelium of the nailbed. (HE, 92X) 



155 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Comment:  

A clinical history of loss of one or more claws 

on multiple paws within 2 weeks to a few 

months after initial onset should suggest a di-

agnosis of SLO.8 Regrown nails are typically 

misshapen and friable and will re-slough. The 

sequence of onychomadesis followed by on-

ychodystrophy is required for an SLO diag-

nosis and differentiates this condition from 

idiopathic onychodystrophy of dogs, where 

there is no onychomadesis preceding ony-

chodystrophy.8 In addition, SLO lesions are 

restricted to the claw and no skin or mucosal 

lesions occur.8  

 

The contributor provides an excellent over-

view of this uncommon condition, and the 

case presented here is characteristic of the 

disease. The examined slide exhibits the typ-

ical histologic features of SLO - lymphocytic 

interface dermatitis with basal cell vacuola-

tion, apoptosis, and pigmentary incontinence 

– though the interface dermatitis can vary 

widely in severity.8 Typical histologic find-

ings may also be found in conjunction with  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

superimposed bacterial infections and osteo-

myelitis.8 These histologic findings are rela-

tively non-specific and can be found in a va-

riety of diseases of the canine claw, making 

clinical history paramount in the diagnosis of 

this condition.  

 

The moderator began by reviewing claw 

anatomy and the specialized terminology 

used to describe nail pathology (see Table 4-

1). The moderator emphasized that SLO re-

quires lesions in all paws and (almost) all 

claws; if a patient has the same clinical 

presentation but with only one affected nail, 

the moderator would prioritize onychomyco-

sis as a differential diagnosis. The moderator 

uses a PAS stain to rule in or out onychomy-

cosis as fungal elements are largely impossi-

ble to visualize on H&E sections of the claw.  

 

Several participants questioned whether the 

clefting noted in the examined section is real 

or artifactual. While clefting can be an arti-

fact caused during tissue collecting and pro-

cessing, it can also be real and diagnostically 

Figure 4-3. Nailbed, dog. There is loss of a discrete dermoepidermal junction and infiltration of the 
basal layers of the vacuolated germinative epithelium by lymphocytes (cytotoxic interface dermati-
tis).  (HE, 695X) 
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helpful since clefting at the epidermal-dermal 

junction would be expected to occur in this 

condition. The moderator believes that the 

clefting present in this section is real due to 

the hemorrhage and cellular debris present 

within the cleft. The moderator also noted 

that the examined section is an exceptional 

example of cytotoxic interface dermatitis. 

The moderator showed more typical exam-

ples with less florid inflammatory infiltrates 

and less affected basilar epithelium. 

 

The JPC morphologic diagnosis was once 

again whittled down to the essentials. While 

the original morphologic diagnosis contained 

many of the same histologic features enumer-

ated in the contributor’s diagnosis, confer-

ence participants felt that many of the terms, 

such as basilar cell vacuolation, apoptosis, 

and pigmentary incontinence, were sub-

sumed within the term “cytotoxic interface 

onychitis.”  The resulting morphologic diag-

nosis is zippy, accurate, and mercilessly 

brief. 
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WSC 2023-2024 

Conference 7 Self-Assessment 

1. Which of the following is the most likely source for Pelodera strongyloides? 

a. Damp straw 

b. Stagnant water  

c. Bird feces  

d. Crustacean intermediate host 

 

2. True or false: UV light can result in mutations of p53 which may lead to cancer. 

a. True  

b. False 

 

3. True or false: UV light causes damage to DNA by the formation of purine dimers.  

a. True 

b. False 

 

4. Which of the following is NOT a thymoma-associated paraneoplastic syndrome? 

a. Granulocytopenia in cats  

b. Erythema multiforme in dogs  

c. Macrothrombocytosis in dogs  

d. Myasthenia gravis in cats 

 

5. Separation of the claw with continued proximal attachment is called? 

a. Paronychia 

b. Onychogryphosis 

c. Onychoschizia 

d. Onycholysis 
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CASE I:   

 

Signalment:  

22-year-old, gelding Appaloosa horse (Equus 

caballus) 

History:  

This horse had a history of chronic left front 

foot problems that started after a foot abscess 

caused by a penetrating foreign body. It had 

chronic recurrent abscesses with 3 hoof wall 

resection attempts. A CT scan showed evi-

dence of osteomyelitis and radiographs 

showed laminitis and a distal displacement 

abscess in the left front foot. The patient also 

had a history of recurrent squamous cell car-

cinoma in the penile sheath and a new lesion 

in the left third eyelid. The patient also had 

unregulated pituitary pars intermedia dys-

function. The patient started dribbling urine 

and the clinician was concerned about renal, 

lower urinary tract, or neurologic disease. 

Humane euthanasia was elected.   

Gross Pathology:  

At necropsy, mucosal membranes were con-

gested. The cranial margin of the left third 

eyelid contained a 3 mm focal raised, pink 

nodule. The skin at the base of the penis had 

multifocal to coalescing 4 to 13 cm raised 

plaques covered by yellow, friable, crusty 

material. Urine was oozing freely from the 

urethra. Multiple 1 to 4 cm diameter black 

nodules were disseminated within the subcu-

tis of the neck and adjacent to the esophagus. 

One 1 cm diameter round ulcer was present  

 

 

 

 

 

 

 
Figure 1-1. Small intestine, horse. One sec-
tion of small intestine is submitted for exam-
ination. There is diffuse villar blunting. (HE, 
5X) 

 

at the base of the tongue. Petechiae and ec-

chymoses were observed on the pericardium. 

The spleen was enlarged, meaty, and oozed 

blood. There was a round 3 cm white, soft 

mass attached to the mesentery, interpreted as 

lipoma. The liver and kidneys were diffusely 

congested. The urinary bladder was filled 

with moderate amounts of opaque yellow 

urine and the urinary bladder wall was mod-

erately thick and diffusely red. The rest of the 

urinary tract was unremarkable with no ob-

structions or uroliths present. Each hoof had 

variable degrees of fragmentation of the ex-

ternal corneal layer with cracks, with the left 

front hoof being the most severely affected. 

On section, the left frontal third phalange had 

severe deviation of the cranial margin with 

signs of laminitis and the hoof wall was 

markedly thickened and contained an air  



159 
 

 
Figure 1-2. Small intestine, horse. There is dif-
fuse villar blunting and scattered intraepithe-
lial macro- and microgametes within the villi. 
(HE, 66X) 

 

pocket. The pituitary gland was slightly 

bulged. Representative sections of observed 

lesions were collected for histopathology.  

Microscopic Description:  

Small intestine: Most villi are atrophic and 

blunted. The lamina propria is mildly to mod-

erately expanded by lymphocytes, plasma 

cells, and eosinophils. A few eosinophils are 

observed within the submucosa. Within the 

lamina propria multiple host cells are mark-

edly hypertrophied up to 30-250 µm in diam-

eter with fibrillar cytoplasm and an enlarged 

peripheral nucleus that forms a crescent 

along one side of a thick eosinophilic para-

sitophorous vacuole. The parasitophorous 

vacuole contains various stages of develop-

ment of Eimeria leuckarti, including mi-

crogamonts, macrogamonts, and occasional 

developing oocysts. Mature microgamonts 

contain myriad 1-2 µm basophilic microgam-

etes. Intimal bodies are observed in small ar-

teries and arterioles of the submucosa.  

Other additional microscopy findings in this 

horse included pars intermedia pituitary ade-

noma, squamous cell carcinoma (prepuce and 

third eyelid), melanomas (neck), osteomyeli-

tis (left front foot), chronic lympho-

plasmacytic cystitis, multifocal mineraliza-

tion of the brain (incidental finding), and eo-

sinophilic preputial dermatitis of unknown 

etiology (habronemiasis suspected). 

 

Contributor’s Morphologic Diagnosis:  

Small intestine: Enteritis, eosinophilic and 

lymphoplasmacytic, mild, subacute with in-

tralesional coccidia (consistent with Eimeria 

leuckarti).  

Contributor’s Comment:  

This horse was in declining health with mul-

tiple clinical problems that culminated in hu-

mane euthanasia. The intestinal coccidiosis 

was considered an incidental finding in this 

horse.   

More than a thousand species of Eimeria are 

known to infect domestic and wild animals 

and birds.5 Eimeria leuckarti is the only spe-

cies of Eimeria consistently reported in 

horses and it has been consistently found 

worldwide.3,10 Infection with E. leuckarti is 

more common in foals but it also affects 

adult horses.3,10 Most infections are consid-

ered to be of no clinical relevance.3,10 Clini-

cal enteritis has been reported in very few 

cases.3 

 

E. leuckarti was named after the German sci-

entist Rudolf Leukart and was first recog-

nized as a large-sized protozoan in sections 

of small intestine of a horse used for teaching 

anatomy in Switzerland. E. Leuckarti has 

been found in several species of equids in-

cluding horse, donkey, mule, Asian wild ass, 

Mountain zebra, and Grant’s zebra.3 

 
Figure 1-3. Small intestine, horse. Macroga-
monts are contained within a hypertrophied 
enterocyte with a thick hyaline wall and a pe-
ripheralized, hypertrophied nucleus. (HE, 
350X) 
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In a study of parasites of horses in farms in 

Kentucky, E. leuckarti infection was com-

mon in foals as young as 28 days of age.7 

Prevalence of E. leuckarti oocysts in feces of 

foals in Kentucky from studies in 1986 and 

2003 were similar at 41% and 41.6%, respec-

tively, with E. leuckarti found in 100% of the 

farms in the 2003 study and 86% of farms in 

the 1986 study.7,8 Foals can acquire the infec-

tion on the day of birth, most likely from the 

contaminated environment rather than from 

oocysts excreted by their mares.3 In another 

study, the prevalence of foals affected by E. 

leuckarti was 59%.9 

The life cycle for each species of Eimeria is 

host specific and direct.5 Sexual stages iden-

tified as macrogametes (female) are 

uninucleate and contain peripheral PAS-pos-

itive granules. The immature male stage (mi-

crogamont, microgametocyte) is multinucle-

ated. When each nucleus becomes incorpo-

rated into a sperm-like biflagellate structure 

(microgamete), the microgamont is consid-

ered mature.5 So far, only gamonts and oo-

cysts of E. leuckarti have been found in his-

tological sections of small intestine; asexual 

stages of E. leuckarti have not yet been con-

firmed.3 

 

 
Figure 1-4. Small intestine, horse. A mature 
macrogamont resides within a hypertrophied 
epithelial cell. The eosinophilic globules are 
characteristic and will eventually contribute 
to the shell of the oocyst. (HE, 667X) 

 

 

E. leuckarti develop in the cytoplasm of hy-

pertrophied host cells in the lamina propria of 

the small intestine.3,5,6 An immunohisto-

chemical study identified these cells as epi-

thelial cells.6 In this study, the cytoplasm of 

the host cells was immunopositive for cy-

tokeratin AE1/AE3 and cytokeratin 13. Host 

cells did not react to vimentin, chromogranin 

A, neuron-specific enolase, desmin, alpha 

smooth muscle actin, or factor VIII. It was 

hypothesized that laminin may regulate the 

displacement of epithelial host cells parasi-

tized by E. leuckarti into the lamina propria.6 

In addition, the expression of CK13 by the 

host cells implied that the lifespan of the host 

cells was possibly extended. How the host 

cells were dislocated to the lamina propria 

and achieved the extended life span was un-

clear.6  

Usually there is no host inflammatory re-

sponse to E. leuckarti and only a mild reac-

tion to degenerate life stages can be seen.3,10 

Parasites are found in the lamina propria to-

wards the luminal part of the villus but some 

occur throughout villi.3 In most reports, in-

fections with E. leuckarti in equids were con-

sidered incidental; however, occasionally it 

has been considered a cause or contributing 

factor to enteritis in foals.3 In many cases, its 

pathogenicity is attributed to the distinctive 

large gamonts observed in the lamina propria 

of horses that died of enteric disease of unde-

termined cause, however the evidence for E. 

leuckarti causing enteric disease is rarely 

conclusive.10 

Detection of E. leuckarti oocysts in feces is 

confirmatory for diagnosis; however, oocysts 

may be overlooked during routine fecal anal-

ysis that uses standard, low specific gravity 

floatation technique due to the large size and 

the heavy weight of oocysts.3,9 The use of a 

sedimentation technique or floatation method 

using solution with a specific gravity of 1.3 

or higher is recommended because E. 

leuckarti oocysts are large and heavy.3,9  
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Figure 1-5. Small intestine, horse. A cy-
tokeratin immunohistochemical stain 
demonstrates that, although the gamonts ap-
pear to be in the lamina propria, due to their 
size, they are actually contained within epi-
thelial cells like other members of the genus 
Eimeria. (anti-AE1/AE3, 200X) 

 

Saturated sodium chloride solution is not rec-

ommended.3 Adding to the difficulty in diag-

nosing E. leuckarti is the short duration of pa-

tency and the relatively low oocyst output.9 

In histological sections, the presence of 

gamonts and oocysts in the lamina propria of 

the jejunum and ileum is diagnostic.3,10 There 

is a need for case-controlled studies to better 

understand the pathogenicity of E. leuckarti 

in equids.3  

 

Contributing Institution:  

Tifton Veterinary Diagnostic and Investiga-

tional Laboratory 

College of Veterinary Medicine 

University of Georgia 

43 Brighton Road, Tifton GA 31793. 

https://vet.uga.edu/diagnostic-service-

labs/veterinary-diagnostic-laboratory/ 

 

JPC Diagnosis: 

Small intestine: Enteritis, lymphoplasma-

cytic and eosinophilic, diffuse, mild, with 

marked villar atrophy and numerous intraep-

ithelial coccidia consistent with Eimeria 

leuckarti.    

 

JPC Comment:   

As the contributor notes, Eimeria leukarti is 

a common parasite of the equine gastrointes-

tinal tract; however, despite its ubiquity, it 

rarely causes significant disease and is most 

often encountered, as in this case, as an inci-

dental finding at necropsy. 

 

Eimeria spp. are not, however, universally 

benign. In sheep, Eimeria gilruthi forms 

megaloschizonts in the abomasal mucosa that 

are visible to the naked eye as multiple white, 

raised foci, and the clinical disease may in-

clude diarrhea, dehydration, anorexia, and 

weight loss.1,4 In rabbits, Eimeria stiedae de-

velops in the biliary epithelium of bile ducts 

and can cause significant hepatic changes, 

visible as large white foci on the surface of 

the liver, that often culminate in death.4 

 

Eimeria spp. are coccidians, which are sin-

gle-celled obligate intracellular parasites be-

longing to the phylum Apicomplexa. They 

keep phylogenetic company with other coc-

cidian genera of veterinary importance, in-

cluding Klossiella, Cystoisospora, Ham-

mondia, Besnoitia, Sarcocystis, Neospora, 

and Toxoplasma, all of which cause disease 

by destroying their host cells.2,4 Eimeria spp. 

exhibit the simplest form of the coccidian 

life cycle, which includes both asexual and 

sexual stages in the gastrointestinal tract of 

many vertebrate hosts.2 Sexual reproduction 

produces oocysts which are released into the 

environment by rupture of host gastrointesti-

nal epithelial cells and subsequent passage 

in the feces. Once in the environment, Eime-

ria oocysts develop eight infective sporozo-

ites through the process of sporulation.2 

 

Once the infective sporulated oocyst is in-

gested by a suitable host, the sporozoites 

emerge and enter epithelial cells or cells of 

the lamina propria, where they round up and 

become trophozoites in a membrane-bound  
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Figure 1-6. Small intestine, horse. There is 
mild expansion of the lamina propria with 
mild edema and slightly increased numbers 
of lymphocytes, plasma cells, and eosino-
phils. (HE, 144X) 

 

parasitophorous vacuole formed by the host 

cell membrane.2 The trophozoites grow 

larger and multiply asexually within host 

cells via schizogony (also known as merog-

ony), in which the apical complex is repli-

cated, the nucleus lobulates with portions as-

sociated with each apical complex, and the 

cell membrane contracts and divides to form 

many individual merozoites encased in a 

schizont.4 Depending on the Eimeria spp., 

there may be multiple generations of schizont 

and merozoite formation; however, the key 

outcome of schizogony is an exponential in-

crease in the number of zoites and the de-

struction of host cells in proportion to the de-

gree of infection.2 

 

Merozoites produced by the final round of 

schizogony enter host cells and develop into 

either microgamonts (male) or macroga-

monts (female) through the process of game-

togony.2 Microgamonts undergo repeated nu-

clear divisions with each nucleus finally in-

corporated into a flagellated microgamete, 

which fertilizes the macrogamete to form a 

zygote.4 Eosinophilic globular wall-forming 

bodies present in the macrogamete then coa-

lesce to form a wall around the zygote, form-

ing an oocyst.2,4 This oocyst is released by 

rupture of the host cell and the cycle begins 

anew. This basic life cycle pertains, albeit 

with increasing complexity and nuance, to 

the other coccidian genera of veterinary im-

portance. 

 

Our moderator for parasite week was Dr. 

Chris Gardiner, PhD, self-proclaimed “para-

sitologist to the stars”. Discussion of the par-

asite in this case focused on identifying the 

various life stages in tissue section. Several 

conference participants identified organisms 

in section as oocysts, though Dr. Gardiner 

thought they represented trophozoites, the 

gamont precursor. We noted that the contrib-

utor also described oocysts, but none were 

present in the examined section. 

 

The discussion of pathologic changes cen-

tered on the villi, which are substantially 

blunted, and the degree of inflammation pre-

sent in the lamina propria. Dr. Bruce Wil-

liams noted that intestinal crypts should be 

closely apposed and should rest on the mus-

cularis mucosae; however, in this case, crypts 

were widely and irregularly separated and 

were multifocally elevated off the underlying 

muscularis mucosae. Though the lamina pro-

pria normally hosts a substantial population 

of inflammatory cells, these crypt changes 

are important clues that the inflammation 

(and edema) is more florid than normal, even 

when, as in this case, the enteritis is consid-

ered mild.  
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CASE II:  

 

Signalment:  

6-month-old, female Yorkshire pig (Sus do-

mesticus) 

 

History:  

Seven 6-month-old pigs were shipped to a re-

search facility and all animals developed a 

high-grade fever and high respiratory rate 

one week after arrival. The animals were  

 
Figure 2-1. Lung, pig. Two sections of lung 
are submitted for examination. There is 
patchy to lobular inflammation scattered 
throughout the sections. (HE, 5X) 

 

treated with antibiotics and nonsteroidal anti-

inflammatories to reduce the fever. One died 

overnight and was submitted for necropsy. 

Gross Pathology:  

The lungs were diffusely mottled red to dark 

red, with patchy areas of consolidation on the 

right side. 

 

Laboratory Results: 

PCR positive for Porcine Reproductive and 

Respiratory Syndrome Virus. 

PCR negative for Porcine circovirus-2, 

PCV-3, and Influenza A. 

Lung culture resulted in moderate amounts 

of mixed bacterial growth. 

Microscopic Description:  

In multifocal to coalescent foci affecting ap-

proximately 30% of the examined area of 

lung, alveolar spaces are filled with erythro-

cytes, fibrin, large numbers of macrophages, 

fewer multinucleated giant cells, and scat-

tered eosinophils and neutrophils. Adjacent 

alveolar septa are moderately to markedly 

widened by fibrin and similar inflammatory 

infiltrates, and occasionally form confluent 

ruptured spaces (emphysema). Multifocally,  
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Figure 2-2. Lung, pig. In inflamed areas, septa 
are markedly expanded and alveoli are hy-
percellular with abundant hemorrhage, 
edema, and occasionally, aggregates of pol-
ymerized fibrin. (HE, 152X) 

 

alveolar macrophages are hypereosinophilic 

and contain pyknotic nuclei (necrosis). The 

inflammatory infiltrate often extends into and 

fills terminal bronchioles, with expansion 

and disruption of the epithelium by inflam-

mation. Affected bronchioles are lined in-

completely by attenuated epithelium. Multi-

focally throughout affected and unaffected 

regions of lung are numerous nematode lar-

vae within both alveoli and bronchioles. 

Nematode larvae are 40-60 µm in diameter, 

with a 3 µm thick smooth cuticle, prominent 

lateral alae, large lateral chords, and coelom-

yarian-polymyarian musculature. The pseu-

docoelom contains a polycytous intestine 

lined by uninucleate epithelial cells. Some 

bronchioles that contain nematodes are lined 

by variably hyperplastic to eroded epithelium 

infiltrated by increased numbers of eosino-

phils. Interlobular septa are expanded by 

edema. 

Contributor’s Morphologic Diagnosis:  

Lung: Interstitial pneumonia, histiocytic and 

eosinophilic, acute, multifocal to coalescing, 

moderate, with intra-alveolar macrophage 

necrosis, and intra-alveolar and intra-bron-

chiolar ascarid larvae consistent with Ascaris 

suum. 

Contributor’s Comment:  

While the patchy inflammatory infiltrate is 

occasionally centered on nematode larva in 

this case, interstitial pneumonia in pigs has 

several viral and bacterial differential diagno-

ses. The presence of necrotic alveolar macro-

phages increased the suspicion for Porcine 

Reproductive and Respiratory Syndrome 

(PRRS) virus, and the virus was detected in 

the lung by PCR. 

PRRS virus is a porcine arterivirus with a 

wide variety of clinical manifestations in pig 

herds depending on the endemic nature of the 

virus in the herd, age, immune status, and 

presence of coinfecting pathogens.2 Most no-

tably, the virus causes reproductive and res-

piratory disease. The virus infects macro-

phages at the point of entry and disseminates 

to local lymphoid tissue, resulting in viremia 

and systemic infection.7 Pulmonary lesions 

are characterized by interstitial pneumonia 

with expansion of the alveolar septa by in-

creased numbers of mononuclear leukocytes.  

Necrotic macrophages and smudged chroma-

tin within alveoli are consistent findings in 

PRRS infection.2  

PRRS virus infection has been reported to 

have immunosuppressive effects that enable 

secondary viral and bacterial infections.7 

Multiple mechanisms of immunosuppression 

have been described, including reduction in 

NK cell cytotoxic activity, promotion of im-

munosuppressive cytokines IL-10 and TGF-

B, and impairment of pulmonary macrophage 

functional activity.2,5,7 Streptococcus suis, 

Glaesserella parasuis, and Salmonella spp. 

are common co-infecting pathogens, but an 

association with pulmonary parasitism or 

parasite migration has not been described.2  

The intrapulmonary helminths in this case are 

morphologically consistent with ascarid 

nematodes. In combination with the signal-

ment, the histologic features of the ascarid 

nematode (diameter, presence of prominent 

lateral alae, and appearance of the hypoder-

mis, musculature, and intestinal tract) are 

compatible with larval Ascaris suum.4  
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Figure 2-3. Lung, pig. Two sections of lung are 
submitted for examination. In inflamed ar-
eas, septa are expanded by macrophages, 
neutrophils, fibrin, and type II pneumocytes, 
and similar inflammatory cells are present 
within alveoli where they are admixed with 
abundant hemorrhage, fibrin, and edema.  
(HE, 381X) 

 

Ascaris suum is ubiquitous in swine popula-

tions and infection results in production 

losses and potentially severe pathologic con-

sequences.1 The life cycle, as with most asca-

rids, involves ingestion of the ascarid egg 

which hatches in the gastrointestinal tract. 

The larvae gain access to the portal vascula-

ture, leading to larval migration through the 

hepatic parenchyma. From there, larvae ac-

cess the pulmonary vasculature and enter al-

veoli. Eventually larvae ascend the bronchio-

lar tree and are coughed up and swallowed 

back into the gastrointestinal tract where they 

develop into sexually mature adults. Mechan-

ical damage by the migrating larvae in the 

lung results in hemorrhage, edema, and eo-

sinophil infiltration. As the larvae mature, an 

eosinophilic bronchiolitis ensues, with reac-

tive hyperplasia or denuding of bronchiolar 

epithelium and invasion of eosinophils into 

bronchiolar walls.1,2  

While an immunologic association between 

the PRRS infection and the ascarid infection 

could not be determined, this case highlights 

the importance of ruling out primary viral 

causes of pneumonia in pigs with pulmonary 

ascariasis.  

 

Contributing Institution:  

Washington State University 

Department of Veterinary Microbiology and 

Pathology and the Washington Animal Dis-

ease Diagnostic Laboratory 

https://waddl.vetmed.wsu.edu/, and https:// 

vmp.vetmed.wsu.edu/ 

JPC Diagnoses: 

1. Lung: Pneumonia, interstitial, lympho-

histiocytic, multifocal, marked, with type 

II pneumocyte hyperplasia and peribron-

chiolar and perivascular lymphoid hyper-

plasia. 

 

2. Lung:  Pneumonia, interstitial, histiocytic 

and eosinophilic, multifocal, mild, with 

eosinophilic bronchiolitis and ascarid lar-

vae.   

 

JPC Comment:  

Ascarids are nematodes of extremes. They 

are among the largest of the worms found in 

domestic animals, with members of the order 

Ascaridida ranging from several inches up to 

2 feet in length.1 Ascarid eggs are also re-

markably resistant to chemical and physical 

insults in the environment and can remain in-

fective in soil for years.1  

 

The life cycle of the terrestrial ascarids tend 

to be direct, and larvae undergo two molts 

within their hardy eggshell, emerging within 

the host as infective L3 larvae.1 Ascarids also 

tend to be relatively host specific, and most 

domestic species have at least one ascarid to 

call their very own; Parascaris equorum in-

fects horses, Toxocara vitulorum infects cat-

tle, Taxocara canis infects dogs, Toxocara 

cati infects cats, and, of course, Ascaris suum 

infects swine.1 
 

There are exceptions to this “one ascarid, one 

host” rule. Historically, Ascaris suum was 

thought to be identical to Ascaris lumbri-

coides in humans, though these two  
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Figure 2-4. Lung, pig. Cross and tangential sec-
tions of ascarid larvae are present within the 
parenchyma. The larvae (which at this stage 
possess neither gonads nor eggs) have lateral 
alae, polymyarian-coelomyarian musculature, 
prominent lateral chords, and a uninucleate in-
testine. (HE, 450X) 

 

organisms are now considered distinct spe-

cies. Nevertheless, A. lumbricoides can ma-

ture in swine and A. suum can mature in hu-

mans, as evidenced by one recent study 

where 50 A. suum eggs were fed to healthy, 

human research subjects.1,3 Once they 

emerged from the required regulatory paper-

work, researchers found that experimental in-

fection produced clinical symptoms identical 

to A. lumbricoides infection, including respir-

atory discomfort and radiographic evidence 

of pulmonary larval migration, and A. suum 

eggs were recovered from the feces of the in-

trepid volunteers.3 A. suum may also infect 

sheep, causing mild respiratory disturbances 

in young lambs. Calves exposed to yards con-

taminated with infective pig feces may de-

velop severe acute interstitial pneumonia 

with millions of A. suum larvae present in the 

lungs.6 

 

The contributor provides an excellent sum-

mary of the winding walkabout taken by the 

typical A. suum larva after emerging from its 

egg in the small intestine of its porcine host. 

In young pigs, extensive pulmonary damage 

can lead to severe respiratory disease, with 

rapid, shallow breaths and audible expiratory 

efforts (“thumps”) that may lead to death.1 As 

larvae wander through the liver, the mechan-

ical damage and ensuing inflammation heal 

by fibrosis, producing “milk spots” that cause 

condemnation of the liver at slaughter.1 

While less pathogenic, infection by adult 

worms may cause diarrhea, impaired nutri-

tional uptake and growth, and rare disorders 

such as perforated bowels or bile duct occlu-

sion.1 Taken together, these effects make As-

caris suum the most economically important 

nematode of swine. 

 

Dr. Gardiner reminded conference partici-

pants that nematode larvae are typically 

coiled; thus, when assessing parasite load on 

histology, it is helpful to remember that a 

close grouping of cross sections typically 

represents only one larva, not multiple. Dr. 

Gardiner also noted that conference partici-

pants failed to describe the nematode excre-

tory cells, visible as eosinophilic material 

within the larval lateral cords. 

 

Dr. Williams noted that you rarely find only 

one process in pig lungs; they tend to reward 

careful evaluation with additional revela-

tions. In this case, while the nematode larvae 

may initially hog the spotlight, careful exam-

ination reveals multiple areas within the 

lungs that are devoid of nematodes but rich in 

macrophages, fibrin, hemorrhage, edema, 

and multinucleated cells. These lesions are 

not entirely attributable to nematode migra-

tion, and a young pig with many macro-

phages and multinucleated cells in the lungs 

should raise suspicion for PRRSV and PCV- 

 

 
Figure 2-5. Lung, pig. Ascarid larvae are also 
present in airways. (HE, 175X) 
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2. Differentiating the two can be difficult, 

though large numbers of necrotic macro-

phages, while not apparent in the section ex-

amined at conference, are characteristic of 

PRRSV infection. 

 

There was spirited discussion about whether 

to combine the nematode and PRRSV lesions 

into one morphologic diagnosis, particularly 

since assigning histologic effects to one eti-

ology or another is somewhat artificial in this 

case. The separatists carried the day, how-

ever, as the majority of participants felt the 

etiologic agents were unrelated, each notable, 

and each deserving of their due. 
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CASE III:   

 

Signalment:  

Age unknown, adult male octopus (Octopus 

vulgaris) 

 

History: 

An experimentally naïve octopus was found 

dead in the morning. The animal was caught 

from the shores of the Florida Keys and had 

been doing well for up to a month when it 

started displaying periods of lethargy and de-

creased appetite. One night, the animal went 

into one of its tunnels and never re-emerged. 

Water quality parameters were within normal 

limits during this period. 

 

Gross Pathology:  

A dead, frozen male octopus with mottled 

pale brown to gray skin was received for ex-

amination in severely autolyzed post-mortem 

condition. The skin had numerous foci of 

subtle white discoloration. 

 
Figure 3-1. Esophagus and digestive gland, 
octopus. One section of the esophagus 
(above) and digestive gland (below) are sub-
mitted for examination. (HE, 5X) 
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Figure 3-2. Digestive gland, octopus. A larval 
cestode (left) is embedded within an area of 
fibrosis within the digestive gland. (HE, 52X) 

 

Microscopic Description:  

Digestive gland: Approximately 20% of the 

digestive gland mucosa is effaced by multifo-

cal to coalescing nodules of fibrosis, necro-

sis, and inflammation centered around ces-

tode larvae of up to 650 µm in diameter, with 

a 4-6 µm thick, homogeneous, eosinophilic 

tegument, spongy parenchyma, numerous pe-

ripheral calcareous corpuscles, suckers, and 

bilaterally symmetrical bothria with multiple 

tentacles that were anchored by prominent 

bulbs encircled by striated retractor muscles 

that attached to everted or invaginated hooks. 

Confident assessment of mucosal and cellular 

details is hampered by a high degree of post-

mortem autolysis and freeze-thaw artifacts. 

Esophagus: Occasionally within the lumen or 

embedded in the esophageal wall are cestode 

larvae with similar features as previously de-

scribed. 

Contributor’s Morphologic Diagnosis:  

Digestive gland and esophagus: Moderate, 

multifocal to coalescing, chronic cestodiasis, 

with hemocytic infiltrates, necrosis, and fi-

brosis. 

 

Contributor’s Comment:  

Despite the severe degree of postmortem au-

tolytic and freeze-thaw artifacts, this octopus 

had unequivocal cestodiasis in the digestive 

tract, widespread coccidiosis in all examined 

skin tissues (including arms, funnel, and dor-

sal mantle), eyes, and gills, consistent with 

Aggregata spp. infection, and varying de-

grees of systemic hemocyte infiltration 

throughout the body.  

Cestodiasis in cephalopods is common, and 

many cephalopod species serve as intermedi-

ate or paratenic hosts and act as vectors for 

other intermediate or definitive hosts. Adult 

cestodes are not frequently reported, but the 

diversity of larval and post-larval stages 

found in cephalopods suggests that they are 

important intermediate hosts for the develop-

ment of adult stages that parasitize cartilagi-

nous and bony fish. In cephalopods, larval 

cestodes most often infect the digestive tract, 

but may be found free in the mantle cavity or 

encysted within the mantle musculature. The 

most commonly reported cestode to infect  

cephalopods is Phyllobothrium spp, but ces-

todes from other genera have also been iden-

tified in the common octopus (Octopus vul-

garis) and include the onchoproteo-

cephalidean Acanthobothrium spp, the 

tetraphyllidean Anthobothrium spp, and the 

trypanorhynch Nybelinia spp. Adult stages of 

Tetraphyllidea and Trypanorhynchea are 

found within the gastrointestinal tract of 

sharks, skates, and rays, and their larval 

forms are some of the most commonly iden-

tified cestodes in cephalopods.3  

Coccidiosis is a common, chronic disease in 

cephalopods, caused by an obligate, intracel-

lular protozoa in the phylum Apicomplexa, 

family Aggregatidae. To date, 10 species 

have been described worldwide in octopus, 

squid, and cuttlefish. All 10 species are con-

sidered pathogenic. This disease primarily af-

fects the digestive tract of cephalopods, but 

extraintestinal coccidiosis, as seen in this 

case, have been reported when it harbors an 

intense infection. Damage to the host in-

cludes mechanical, biochemical, and molec-

ular effects, and infection severely weakens  
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the host’s innate immunity making it vulner-

able to secondary infections. Notable signs of 

disease include malabsorption syndrome, de-

crease in the number of hemocytes, plasmatic 

protein, and iron in hemolymph, as well as 

up- regulation of immune genes.1 

 

Senescence can also cause immunosuppres-

sion and make the octopus more susceptible 

to secondary diseases. This octopus also had 

evidence of cataract in one eye, similar to 

what has been described in the literature, in 

which possible underlying causes for the in-

traocular lesions included water quality, ocu-

lar manifestation of a systemic disease, intra-

ocular infection, or natural senescence. Se-

nescence is a natural pre-death process in oc-

topuses and other species. While senescence 

is not a disease or a result of illness, diseases 

can be a symptom of senescence. Clinical 

signs of senescence in octopuses are ob-

served over a couple of months and are re-

ported to include loss of appetite, weight loss, 

retraction of skin around the eyes, uncoordi-

nated movements, and increased undirected 

activity level. In octopuses, senescence-like  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

symptoms can also be triggered by collection 

stress, systemic diseases, and improper water 

temperature or water quality.  

 

Octopuses lack a humoral immune system, 

and their innate immune system with cellular 

factors is their primary mechanism of defense 

against disease. The octopus' hemocytes re-

spond to infection with phagocyntesis, en-

capsulation, infiltration or cytotoxicity, aim-

ing to destroy or isolate pathogens.2 In sum-

mary, senescence and/or stress may have fa-

cilitated parasitic burden, inflammation, 

other infectious processes, and potential sep-

sis as contributory factors to the demise of 

this octopus.  

Contributing Institution:  

Laboratory of Comparative Pathology  

(Memorial Sloan Kettering Cancer Center, 

The Rockefeller University, and Weill Cor-

nell Medicine) 

http://www.mskcc.org/research/compara-

tive-medicine-pathology-0 

 

 

 

Figure 3-3. Digestive gland, octopus. The cestode has an armed rostellum (suckers with birefingent 

hooklets), a spongy parenchyma, and numerous calcareous corpuscles.  (HE, 106X)  
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Figure 3-4. Digestive gland, octopus. High 
magnification of the hooked tentacles of the 
cestode.  (HE, 660X) 
 

JPC Diagnoses: 

1. Digestive gland and esophagus: Larval 

cestodes, multiple, with fibrosis and he-

mocytic inflammation. 

2. Digestive gland: Atrophy, diffuse, mod-

erate. 

 

JPC Comment:   

This case provides an excellent example of 

cestodiasis in an unusual species, and the 

contributor provides a good summary of the 

histologic lesions that typify cestode infec-

tions in cephalopods.  

 

An additional finding in this case was atrophy 

of the digestive gland, the histologic correlate 

for which is loss of eosinophilic cytoplasmic 

globules. Although this is a common lesion 

in senescence, it can be observed in any ani-

mal with negative energy balance.  

 

In this case, the reported severe coccidiosis 

and resultant malabsorption likely led to neg-

ative energy balance and digestive gland at-

rophy. While infections are reportedly more 

common and more abundant in senescent an-

imals, the primary lesion of senescence is 

gonadal atrophy.4  

 

Coccidia were not observed in the examined 

slide, which included esophagus and diges-

tive gland. While the gills and the intestines 

are commonly infected, esophagus and diges-

tive gland can be infected with coccidia in 

severe cases.  Of all cephalopod species, 

common octopuses are one of the most com-

monly infected with Aggregata spp. 

 

Conference discussion was facilitated by 

JPC’s very own Dr. Elise LaDouceur, who 

discussed cephalopod anatomy generally, be-

fore diving into the histologic lesions. The di-

gestive gland is analogous to the mammalian 

liver and the normally abundant eosinophilic 

globules within the digestive gland are typi-

cally packed with storage products such as 

glycogen and lipid. Dr. LaDouceur noted that 

the digestive gland was extremely autolyzed, 

but despite the autolysis, the lack of eosino-

philic globules within the digestive gland was 

notable. This led to a discussion of senes-

cence, a feature of many invertebrates’ life 

history, where metabolism is shut down after 

release of gonads.  

 

Conference participants discussed the large 

cestode larvae within the digestive gland and 

the accompanying multifocal areas of necro-

sis in the adjacent parenchyma, interpreted as 

migration tracts. Dr. Gardiner believed the 

organism to be an encysted cestode, which 

would typically grow in place without mov- 

 

 
Figure 3-5. Digestive gland, octopus. There 
are oval amphophilic calcareous corpuscles 
within the spongy body parenchyma. (HE, 
570X) 
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Figure 3-6. Esophagus, octopus. A similar 
larval cestode is present within the muscular 
wall. Nuclei of hemocytes are present 
adjacent to the cestode. (HE, 315X)  

ing through the tissue and questioned 

whether the histologic features represented 

true migration tracts. These histologic fea-

tures do, however, align with recent pub-

lished reports in cephalopods that feature ces-

todes invading tissues of organs with non-

chitinized epithelium, leaving behind trailing 

necrotic foci.  

 

Finally, Dr. LaDouceur pointed conference 

participants to an excellent, open-source re-

source by Gestal, et al (see reference below), 

which provides excellent gross and histologic 

images of common cephalopod pathogens, 

along with discussion of the unique biology 

of these interesting Molluscans. 
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CASE IV:  

 

Signalment:  

1-year-old, Gypsy Vanner colt (Equus ca-

ballus) 

 

History:  

The patient presented for acute recumbency 

and was treated in the field with antimicrobi-

als, plasma, and IV fluids. He was unable to 

rise but would sit in sternal recumbency and 

would eat when offered hay. On presentation, 

he was in lateral recumbency on the trailer, 

but was able to stand when assisted with the 

sling. He was severely underweight with 

muscle wasting. His heart rate was 80 bpm 

with a systolic murmur, his respiratory rate 

was 40 bpm, and his rectal temperature was 

98.5 ºF. Mucous membranes were pale with 

a capillary refill time of 2 seconds.  

 

Thoracic ultrasound revealed mild pneumo-

nia (comet tailing cranioventrally) with a 

small amount of pleural fluid. Abdominal 

ultrasound revealed edema in the wall of the 

colon, small intestine, and cecum along with 

a moderate amount of fluid within the  
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Figure 4-1. Colon, horse. Marked edema is ev-
ident in the submucosa and, to a lesser ex-
tent, the mucosa of the submitted sections. 
(HE, 5X) 

 

cecum and colon. A small amount of perito-

neal fluid was present.  

 

Medical therapy consisted of IV fluids, ceft-

iofur, flunixin, vitamin E, and supportive 

care.  Two days after presentation, the patient 

was found colicking and abdominal radio-

graphs at that time revealed a large amount of 

intestinal sand. He began passing large 

amounts of diarrhea but continued to have a 

good appetite and remained standing (as-

sisted with sling).  A plasma transfusion was 

given, but the patient continued to have pro-

fuse watery diarrhea and began to slowly de-

cline over the next 36 hours. Two days later 

he became increasingly dull and spontane-

ously died. 

 

Gross Pathology:  

The cecal and ventral colonic mucosa con-

tains numerous widespread multifocal, 

brown to red, 1-2 mm diameter circular nem-

atodes. In the region of the diaphragmatic 

flexure, the right dorsal colon contains a 

moderate amount of wet, packed, tan, granu-

lar material (sand) admixed with numerous 8-

5 x 1 mm red round nematodes and a small 

amount of green fibrous ingesta. The wall of 

the cecum and ventral colon is mildly to mod-

erately expanded by clear gelatinous mate-

rial. Numerous pinpoint red foci are present 

within the mucosa of the dorsal colon.  

 

Laboratory Results: 

Complete blood count: 

WBC = 12,700/µL 

Fibrinogen = 600 mg/dL 

 

Serum chemistry:   

Total protein = 5.6 g/dL (6.1-8.4) 

Albumin = 2.2 g/dL (2.7-4.5) 

Potassium = 5.6 mEq/L (2.2-5.3) 

Sodium = 130 mEq/L (136-144) 

Chloride = 94 mEq/L (96-105) 

 

Fecal float: Negative. 

 

Microscopic Description: 

Randomly distributed throughout the large 

intestinal submucosa and rarely within the 

mucosa, there are encapsulated 20-400 µm 

diameter larval nematodes. The nematodes 

have a ridged eosinophilic cuticle, platym-

yarian-meromyarian musculature, vacuo-

lated lateral cords, and an intestine that is 

lined by few multinucleated cells and con-

tains red to brown granular material. Occa-

sional nematodes are mineralized. The nem-

atodes are often surrounded by a moderate 

number of macrophages and few fibroblasts. 

The submucosa is markedly edematous and  

 
Figure 4-2. Colon, horse. Large larval nema-
todes are surrounded by poorly formed gran-
ulomas within the submucosa. (HE, 47X) 

 



173 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

contains a low number of lymphocytes and 

fewer plasma cells. The lamina propria con-

tains a low to moderate number of plasma 

cells, including occasional Mott cells, fewer 

lymphocytes and occasional macrophages 

and neutrophils. There are rare small superfi-

cial mucosal erosions. 

    

Contributor’s Morphologic Diagnosis:  

Colon: Colitis, granulomatous, chronic, with 

edema and intralesional encapsulated nema-

todes consistent with small strongyles. 

 

Contributor’s Comment:  

Referred to as small strongyles or red worms, 

the more than 50 species of cyathostomins 

can infect horses of any age, but more severe 

clinical disease is typically noted in young 

horses.2 Cyathostomins have a direct life cy-

cle and horses become infected with cy-

athostomins by ingestion of the early L3 

stage, which burrows into the mucosa of the 

hindgut and forms a fibrous capsule within 

 

 

 

 

 

 

 

 

 

 

 

 

 

two weeks, cloaking it from the host’s im-

mune system.2,4 Development can arrest for 

as long as 2 years in the early L3 stage.2  

Late fourth stage larvae exit the mucosa to 

mature to the adult stage in the intestinal lu-

men.4 The emergence of a large number of L4 

larvae from the hindgut, in late winter and 

early spring in temperate regions and late 

summer and early fall in tropical regions, 

triggers the syndrome of larval cyathostomi-

asis.3 Clinically, horses present with rapid 

weight loss, colic, leukocytosis, hyperglobu-

linemia, hypoproteinemia, rough hair coat, 

and severe diarrhea containing a large num-

ber of larval cyathostomins detectable by di-

lution of feces with water and viewing under 

a microscope.3,4 Edema of the limbs and 

ventrum can also be seen.3 

 

 

 

 

 

 

Figure 4-3. Colon, horse. Embedded nematodes have a thin cuticle, pseudocoelom, platymyarian-
meromyarian musculature, large lateral chords, and a central large intestine with uninucleated, tall 
columnar cells which contains luminal blood pigment. (HE, 278X) 
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Figure 4-4. Colon, horse. The overlying edem-
atous mucosa contains 3rd stage larvae. Co-
lonic glands are separated by edema and 
moderate numbers of lymphocytes and 
plasma cells.  (HE, 166X) 

 

Contributing Institution:  

University of Florida  

College of Veterinary Medicine 

Department of Infectious Diseases and Pa-

thology 

Gainesville, FL 32611-0880 

http://idp.vetmed.ufl.edu/ 

 

JPC Diagnosis: 

Colon: Colitis, granulomatous, multifocal, 

mild to moderate, with marked submucosal 

edema and small strongyle larvae. 

 

JPC Comment:   

As the contributor notes, there are approxi-

mately 40-50 species of cyathostomins that 

parasitize the cecum and colon of horses, and 

as many as 15 to 20 of these species com-

monly colonize the same host at the same 

time.1 Luckily, cyathostomin larvae do not 

migrate far beyond the mucous membranes 

of the cecum and colon and feed mainly on 

intestinal contents, so their pathogenic effect 

can be minimal.1,5 However, infection by 

large numbers of arrested cyathostomin lar-

vae and their simultaneous emergence from 

the gut wall can cause the clinical disease of 

larval cyathostominosis described by the con-

tributor.  

 

Larval cyathostominosis is a significant 

cause of morbidity and mortality in horses 

and can affect horses of any age.5 Grossly, the 

colonic mucosa is studded with 2-5 mm di-

ameter nodules that are slightly raised, red or 

black, and contain encysted third or fourth 

stage hypobiotic (developmentally arrested) 

larval nematodes.5 Histologically, the mu-

cosa and submucosa are edematous, as in this 

case, and may contain a mixed inflammatory 

response either centered on encysted larvae 

in the submucosa or more diffusely through-

out the lamina propria.5  

 

Cyathostomins are widespread throughout 

the world, and even apparently healthy horses 

may be infected with tens to hundreds of 

thousands of their larvae. As anthelmintic re-

sistance of cyathostomins is a large and 

growing problem, many current preventive 

measures are focused on pasture and herd 

management solutions.1 It has been said (by 

a parasitologist, naturally) that “the king’s 

horses probably had fewer worms” owing to  

the immediate removal of fecal material after 

deposition, and this concept has inspired the 

development of pasture vacuums and pasture 

sweepers.1 Other suggested preventive 

measures include rotation of administered an-

thelmintics, orchestrating field plowing to re-

duce the spreading of infective fecal material, 

and the composting of horse manure.1 

 

 
Figure 4-5. Colon, horse. 3rd stage larvae do 
not have numerous nuclei lining developing 
internal organs.  (HE, 576X) 
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Conference discussion focused initially on 

tissue identification. The significant amount 

of autolysis in section complicated the issue, 

but the lack of identifiable villi placed this 

solidly in the colon. The examined section 

was notable for the lack of fibrosis around the 

larvae, leading conference participants to 

speculate that this tissue section was pro-

cured early in infection or that the horse’s im-

mune response to the larvae might have been 

impaired. Participants also discussed how 

simultaneous eruption of myriad larvae can 

cause loss of the enteric mucosal barrier, 

providing fertile soil for the development of 

a potentially profound enterotoxemia. 
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WSC 2023-2024 

Conference 8 Self-Assessment 

1. Which of the following life stages has not been identified in Eimeria leukarti in 

horses? 

a. Oocysts 

b. Schizont 

c. Microgamete 

d. Macrogamete 

 

2. True or false:  Eimeria leuckarti is the only known coccidian in horses. 

a. True 

b. False 

 

3. Necrotic forms of which of the following are consistent findings in the lungs PRRSV 

in pigs? 

a. Eosinophils 

b. Macrophages 

c. Type II pneumocytes 

d. Viral syncytia 

 

4. Migration of Ascaris suum occurs in which of the following immediately prior to re-

turn to the intestine to mature? 

a. Pulmonary alveoli 

b. Pulmonary airways 

c. Liver 

d. Gastric wall 

 

5. True or false.   Horses are infected with small strongyles by ingesting infective larvae 

rather than eggs. 

a. True 

b. False 
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CASE I:   

 

Signalment:  

8-year-old, male neutered Pembroke Welsh 

corgi, canine (Canis lupus familiaris)  

 

History:  

This dog developed labored breathing. An 

echocardiogram showed pulmonary hyper-

tension and degenerative valve disease of the 

mitral, tricuspid, and pulmonic valves. The 

dog was started on sildenafil and pimobendan 

therapy and improved; however, approxi-

mately 1.5 months after the initial diagnosis 

the dog went into decompensated congestive 

heart failure and was humanely euthanized. 

 

Gross Pathology: 

The lungs were soft, wet, and mottled pink 

and reddish brown. The right ventricle of the 

heart was moderately dilated with a thick-

ened wall. Both atrioventricular valves had 

moderate endocardiosis. The liver had evi-

dence of chronic passive congestion (moder-

ate enlargement, rounded lobar margins, 

meaty texture, roughened surface, and small 

amounts of fibrin on the capsular surface). 

The dog had mild ascites. 

 

Microscopic Description:  

Lung: Throughout all sections there are mul-

tiple variably sized, poorly demarcated areas 

within which there is increased cellularity of 

alveolar septa and lumina. Within these ar-

eas, alveolar septa are mildly to moderately  

 

 

 

 

 

 

 
Figure 1-1. Lung, dog. Five sections of lung 
are submitted for examination. (HE, 5X) 

 

expanded by variable numbers of mesenchy-

mal cells and rare small amounts of collagen. 

In a few small areas, the expansion of this 

mesenchymal population results in markedly 

thickened and tortuous alveolar septa which 

obscure the adjacent alveolar lumina. There 

is frequent, regionally variable, type II pneu-

mocyte hyperplasia with a few small areas 

containing markedly hypertrophied, vacuo-

lated, and/or misshapen type II pneumocytes 

with up to 3 nuclei. Alveolar spaces contain 

large numbers of macrophages which infre-

quently contain finely granular, golden-

brown, intracytoplasmic pigment (hemo-

siderin) as well as small numbers of neutro-

phils and lymphocytes. Infrequently, alveolar 

spaces contain variable amounts of fibrillar to 

beaded, eosinophilic material (fibrin) which 

often lines the alveolar septa with or without 

admixed cellular debris (hyaline mem-

branes). Alveolar spaces also frequently con-

tain finely granular, eosinophilic material 

(proteinaceous fluid). Within these areas as 

well as unaffected areas, pulmonary veins  
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Figure 1-2. Lung, dog. There is concentric hy-
pertrophy of the walls of tortuous pulmonary 
veins. Adjacent septa are hypercellular with 
prominent endothelial cell nuclei. (HE, 400X) 

 

 (distinguished by their location within the al-

veolar parenchyma) frequently exhibit re-

modeling, with expansion of the tunica media 

by plump spindle cells resulting in partial to 

complete occlusion of the lumen. Often asso-

ciated with these remodeled veins are varia-

bly sized networks of alveolar capillaries 

which are moderately to markedly congested. 

The wall of one large pulmonary artery ex-

hibits segmental fibrinoid necrosis.  

A large number of thickened vessels within 

the alveolar parenchyma have external, dark 

purple to black elastic laminae only (as seen 

on Verhoeff-van Gieson stain), distinguish-

ing them as veins, in comparison to arteries 

which have internal and external elastic lam-

inae. Immunohistochemical stains for smooth 

muscle actin (SMA) revealed SMA immo-

positive mesenchymal cells expanding vein 

walls, consistent with smooth muscle hyper-

trophy/hyperplasia. The cells lining the vari-

ably congested alveolar capillaries exhibit 

strong immunoreactive for CD31, confirming 

endothelial origin.  

Contributor’s Morphologic Diagnoses: 

1. Lung: Venous medial hypertrophy, mul-

tifocal, marked, chronic, with moderate 

perivenous capillary congestion. 

2. Lung: Capillary hemangiomatosis, multi-

focal, marked, chronic, with minimal al-

veolar septal fibrosis. 

3. Lung: Alveolar histiocytosis, multifocal, 

marked, chronic, with hyaline membrane 

formation and moderate to marked type II 

pneumocyte hyperplasia. 

Contributor’s Comment: 

The combination of the findings of venous 

medial hypertrophy and alveolar capillary 

proliferation are consistent with pulmonary 

veno-occlusive disease (PVOD) and capil-

lary hemangiomatosis (PCH). PVOD and 

PCH are rare forms of pulmonary hyperten-

sion (PH) which result from progressive re-

modeling and obstruction of pulmonary 

veins, and proliferation of thin-walled mi-

crovessels within alveolar septa, respec-

tively.2,6 As the two lesions often occur con-

currently, the World Health Organization 

(WHO) recognizes that they may belong to a 

spectrum of the same pulmonary vascular 

disease.7 In humans, the WHO recognizes 

five clinical groups of PH: group 1, which 

was recently updated to include PVOD and 

PCH, comprises diseases involving pulmo-

nary arterial hypertension (PAH); group 2 

represents diseases caused by left-sided heart 

disease; group 3 causes of PH relate to lung 

disease and/or hypoxia; group 4 is PH caused 

by pulmonary artery obstruction; and group 5 

is composed of various disease with unclear 

and/or multifactorial mechanisms.  

 
Figure 1-3. Lung, dog. An elastin stain demon-
strates the lack of internal elastic lamina, es-
tablishing the primary affected vessels as 
veins.  (Elastin, 400X) 
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Figure 1-4. Lung, dog. There is marked seg-
mental septal congestion due to increased 
capillary pressure.  (HE, 400X) 

In a recent retrospective study of 15 dogs 

with PVOD and PCH, all dogs were older 

than 8 years of age (median 11 years).4 There 

was no clear sex or breed predilection, alt-

hough the sample sizes were small. The un-

derlying causes of these diseases in dogs re-

main unknown. In humans, patients with 

PVOD are predominantly young to middle-

aged, and both genetic and non-genetic risk 

factors have been identified. Genetically, one 

study found that 13/13 familial and 5/20 spo-

radic cases of PVOD had a loss of function 

mutation of EIF2AK4; however, the link be-

tween this mutation and PVOD remains un-

clear.1 Other risk factors for PVOD in hu-

mans include chemotherapeutics, exposure to 

organic solvents, bone marrow or stem cell 

transplants, neoplasia, connective tissue dis-

orders, autoimmune diseases, sarcoidosis, 

HIV infection, and pulmonary Langerhans 

cell histiocytosis.4 Only genetic factors have 

been implicated for PCH in humans.  

In dogs, clinical signs involve rapidly pro-

gressive respiratory signs that include cough-

ing, tachypnea, dyspnea, hypoxia, epistaxis, 

and hemoptysis.3 Diagnostically, thoracic ra-

diographs should demonstrate an interstitial 

or alveolar pattern with enlargement of the 

pulmonary arteries, without evidence of car-

diomegaly.4  

Gross lesions in dogs with PVOD typically 

involve diffusely edematous and firm to 

‘meaty’ lungs with widespread areas of hem-

orrhage or congestion.3 In a study of 11 dogs, 

there was no gross evidence of underlying 

cardiac disease and 2 dogs demonstrated 

compensatory hypertrophy of the right ven-

tricle.8  

Histologically, the hallmark feature of PVOD 

is extensive, patchy remodeling of small- to 

medium-sized pulmonary veins. This remod-

eling involves expansion of the vessel wall 

with plump spindle cells and collagen, result-

ing in narrowed or occluded venous lumina. 

As a result of this luminal occlusion, there is 

upstream congestion of adjacent alveolar ca-

pillaries and in some cases pulmonary arterial 

remodeling. PCH, which in humans is con-

comitantly present in 75% of PVOD cases, is 

characterized by proliferation of alveolar ca-

pillaries, which can extend into pulmonary 

arteries and veins. Additionally, there are in-

creased numbers of alveolar macrophages 

which frequently contain cytoplasmic hemo-

siderin. In some dogs there may be small ac-

cumulations of fibrin as well as hyaline mem-

brane formation. 

Contributing Institution:  

Veterinary Diagnostic Laboratory 

University of Minnesota 

St. Paul, MN. 

https://vdl.umn.edu/ 

 

JPC Diagnosis: 

Lung:  Venous intimal fibrosis and smooth 

muscle hyperplasia and stenosis, multifocal 

to coalescing, severe, with septal endothelial 

hypertrophy (capillary hemangiomatosis), 

segmental alveolar capillary engorgement, 

alveolar histiocytosis and siderosis, and arte-

rial medial hypertrophy. 

 

JPC Comment:   

As the contributor notes, PVOD and PCH are 

rare causes of pulmonary hypertension in hu-

mans and are exceedingly rare and only re-

cently described in dogs. This case provides  
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an excellent example of the characteristic his-

tologic features of these conditions and the 

contributor provides an excellent summary of 

the current state of knowledge surrounding 

this unusual entity.  

Pulmonary hypertension can be caused by 

four broad mechanisms: increased pulmo-

nary blood flow, increased pulmonary vascu-

lar resistance, increased pulmonary venous 

pressure, or some combination of these fac-

tors.5 The American College of Veterinary 

Internal Medicine has recently published a 

proposed classification scheme that catego-

rizes pulmonary hypertension based roughly 

on these broad casual mechanisms.5 The clas-

sification scheme includes many well-known 

causes of pulmonary hypertension including 

left-sided heart disease, pulmonary disease, 

hypoxia, congenital left-to-right cardiovascu-

lar shunts, and Dirofilaria immitis or Angi-

ostrongylus vasorum infection.5 Under this 

rubric, PVOD and PCH are nested in their 

own subcategory under the pulmonary arte-

rial hypertensive diseases, a categorization 

that may be initially confusing since the  

 

 

 

 

 

 

 

 

 

 

 

 

vascular lesions of PVOD preferentially af-

fect the pulmonary veins; however, PVOD is  

classified as a distinct cause of pulmonary ve-

nous hypertension whose clinical expression 

is severe pulmonary arterial hypertension.8 

The placement of PVOD and PCH in their 

own subcategory within the proposed classi-

fication scheme is neither merely descriptive 

nor academic, but instead highlights a key 

difference in the response of PVOD and PCH 

patients to typical pulmonary arterial hyper-

tension treatments. The treatment mainstays 

for these conditions include the use of type-5 

phosphodiesterase (PDE5) inhibitors, the 

most well-known of which are sildenafil and 

tadalafil. Human PVOD and PCH patients 

treated with PDE5 inhibitors can develop 

acute, massive, and fatal pulmonary edema 

due to the inability of occluded vasculature to 

accomodate the increased blood flow caused 

by these potent vasodilators.2 Though this ef-

fect has not been definitely proven in dogs, 

the consensus statement extrapolates from 

human literature and recommends adminis-

tering PDE5 inhibitors only in hospital where  

Figure 1-5. Lung, dog. Due to increased capillary pressure, there is proliferation of the capillary en-
dothelium (capillary hemangiomatosis) (HE, 400X)   
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Figure 1-6. Lung, dog.  Multifocally, pulmo-
nary arterioles demonstrate asymmetric my-
ointimal hyperplasia.  (HE, 400X) 

 

patients can be carefully monitored for the 

development of pulmonary edema.5  

 

This week’s conference moderator was Dr. 

Kurt Williams, Director of the Oregon Veter-

inary Diagnostic Laboratory and pulmonary 

system enthusiast. Dr. Williams waxed poetic 

at the start of the conference about the ability 

of a slide to tell a story about pathogenesis. 

He encouraged conference participants to 

spend time understanding that story and then 

to structure slide descriptions and interpreta-

tions to convey it accurately to others. 

 

In this case, the story being told centers on 

the vasculature, so an accurate description 

should describe the vessels in full, to include 

which branches of the vascular tree and what 

caliber of vessels are being affected. In cases 

such as PVOD, where occlusive changes can 

make it difficult to distinguish vein from ar-

tery, a Verhoeff-van Gieson stain, which 

highlights vascular elastic lamina, can be 

helpful in characterizing the vessels; veins 

will have only an external elastic lamina, 

while arteries will have both internal and ex-

ternal elastic laminae. In the absence of spe-

cial stains, anatomy can be useful, as arteries 

are typically adjacent to airways, while veins 

tend to branch out more diffusely into the pa-

renchyma. 

 

Dr. Williams noted that the hemosiderin-

laden macrophages, or “heart failure cells,” 

associated with PVOD typically have an 

abundance of hemosiderin far in excess of 

that normally found in garden-variety heart 

failure. Conference participants remarked on 

the generally unimpressive nature of these 

cells in this case, while Dr. Bruce Williams 

cautioned against the use of this term in com-

munications meant for clinicians, as the term 

could cause the inappropriate administration 

of positive ionotropes which are contraindi-

cated and potentially fatal in PVOD patients.  

 

As the contributor notes (and this case exem-

plifies), capillary hemangiomatosis typically 

accompanies PVOD. Dr. Williams noted that 

the capillaries in capillary hemangiomatosis 

are not simply congested but also larger than 

normal. For this reason, Dr. Williams prefers 

the more dramatic term, “capillary engorge-

ment” to “capillary congestion.” Finally, Dr. 

Williams noted several vessels that contained 

foci of intimal thickening with longitudi-

nally-oriented blood vessels embedded 

within. This change is characteristic of hy-

poxic injury in the lung and can be seen in 

other contexts, such as in high mountain/bris-

ket disease in cattle. 

 

 
Figure 1-7. Lung, dog. Occasional pulmonary 
arterioles demonstrate extrusion of protein 
and fibrin into their walls. (HE, 200X) 
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CASE II:  

 

Signalment:  

10-year-old, female spayed mixed breed, ca-

nine (Canis lupus familiaris) 

History:  

This dog presented with an approximately 3- 

month history of chronic coughing. Thoracic 

radiographs revealed a multifocal alveolar 

pattern extending to the caudodorsal lung 

fields. The alterations appeared to have pro-

gressed compared to a radiograph taken 7 

weeks prior. The tracheobronchial lymph 

nodes were enlarged but appeared to be of 

similar size as noted in the previous radio-

graph. Due to poor prognosis, humane eutha-

nasia was elected. 

 

Gross Pathology:  

The lungs were diffusely mottled red to dark 

red with numerous coalescing firm, tan nod-

ules embedded in the pulmonary parenchyma 

of all lobes. Representative tissue samples 

floated in 10% neutral buffered formalin. The 

tracheobronchial lymph nodes were enlarged, 

ranging in size from 1x2x1 cm to 1.7x4.0x1.5 

cm. On the cut surface of these nodes, there 

were multiple variably sized, random, light to 

dark brown areas. The liver had several pin-

point to 0.3 cm diameter tan foci throughout. 

 

Laboratory Results: 

Bacteriology (Aerobic culture), lung: No 

bacteria isolated. 

Mycology (Fungal culture), lung: No fungi 

isolated. 

Microscopic Description:  

Lung: Corresponding to the coalescing firm 

tan nodules noted grossly, there is multifocal 

to coalescing infiltration of the pulmonary 

parenchyma by large number of mixed in-

flammatory cells consisting predominantly of 

macrophages and eosinophils, fewer  
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Figure 2-1. Lung, dog. The lungs were 
diffusely mottled red to dark red with 
numerous coalescing, firm tan nodules 
embedded in the pulmonary parenchyma of 
all lobes. (Photo courtesy of:  Louisiana Ani-
mal Disease Diagnostic Laboratory (LADDL), 
School of Veterinary Medicine, Louisiana 
State University, http://www1.vetmed. 
lsu.edu/laddl/index.html) 
 

neutrophils, lymphocytes, and plasma cells, 

and occasional multinucleated giant cells, 

amidst a background of multifocal polymer-

ized fibrin deposits, occasional mild hemor-

rhage, multiple plump type II pneumocytes, 

and spindle cells. In some areas, the inflam-

mation concentrates in the bronchiolar and 

perivascular interstitium, variably extending 

into the airways (often as epithelium-lined fi-

brous polypoid structures) and the vascular 

wall. No microorganisms are apparent, and 

Gomori's methenamine silver (GMS) stain-

ing is negative. Within the remaining areas of 

the pulmonary parenchyma, the alveoli often 

contain moderately increased numbers of al-

veolar macrophages and fibrin strands. In ad-

dition, in some sections the pleural surface is 

multifocally expanded by villous fibrous pro-

liferation with a mixed, predominantly eosin-

ophilic inflammatory infiltrate.  

Additional histologic findings (sections not 

submitted) include marked eosinophilic and 

granulomatous lymphadenitis of the tracheo-

bronchial lymph nodes, mild eosinophilic 

and granulomatous portal hepatitis, and mild 

to moderate extramedullary hematopoiesis in 

the spleen. 

Contributor’s Morphologic Diagnosis: 

Lung: Pneumonia, eosinophilic and granu-

lomatous, multifocal to coalescing, marked, 

chronic (consistent with eosinophilic pulmo-

nary granulomatosis).  

Contributor’s Comment:  

Eosinophilic pulmonary granulomatosis 

(EPG) is an uncommon, idiopathic disease of 

dogs with clinical signs of progressive 

coughing, exercise intolerance, variable 

dyspnea, and eosinophilia.2,3,6,8,13 EPG is dif-

ferentiated from the other eosinophil-rich 

conditions, such as eosinophilic pneumonia 

and eosinophilic bronchopneumopathy 

(EBP), by the formation of nodules and 

masses composed of eosinophils, macro-

phages, and various combinations of other 

leukocytes within fibrous tissue.1 Some au-

thors have speculated that EPG might repre-

sent a progressed form of EBP, which is a 

more commonly diagnosed idiopathic condi-

tion in young dogs.1,2,6,7,9,12 Although eosino-

philic airway inflammation and peripheral 

eosinophilia may be seen in both conditions, 

EBP is microscopically characterized by air-

way and pulmonary involvement without 

granuloma formation or lymph node involve- 

 
Figure 2-2. Lung, dog. Two sections of lung 
are submitted for examination. There are 
multifocal to coalescing areas of consolida-
tion, particularly in subpleural areas.  (HE, 5X) 
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ment.2,8 Clinically, EBP responds to immu-

nosuppressive treatment far better than 

EPG.2,6,8  

The cause and pathogenesis of EPG have yet 

to be determined.4,8 Multiple reports in the 

veterinary literature have discussed an asso-

ciation between Dirofilaria immitis infection 

and EPG.1,2,4-6 However, affected dogs do not 

always have gross, microscopic, or serologic 

evidence of dirofilariasis.1,2,6,8,10,13 In this 

case, there was no gross or microscopic evi-

dence of concurrent or previous D. immitis 

parasitism. In addition, bacterial and fungal 

cultures of the lung were negative. 

Typical gross findings of EPG include firm, 

consolidated pulmonary parenchyma with 

multifocal to regionally extensive discrete 

nodules.2,5,6,10 Similar nodules may be found 

in the regional lymph nodes, heart, liver, and 

spleen.1,2,5 Microscopically, the nodules are 

predominantly composed of eosinophils, 

macrophages, epithelioid macrophages, and 

small numbers of neutrophils, lymphocytes, 

and plasma cells, and are separated and  

 

 

 

 

 

 

 

 

 

 

 

 

surrounded by variably thick fibrous connec-

tive tissue.1,2,5,6,10 In some cases, eosinophilic 

and/or granulomatous inflammation is also 

described in the trachea, kidney, stomach, 

and small intestine.1 In this case, the tracheo-

bronchial lymph nodes and the liver had sim-

ilar but milder inflammation as that in the 

lung, likely all part of the same disease pro-

cess. 

The diversity of the reported affected canine 

breeds does not suggest a breed predisposi-

tion. Although 6 of the 26 dogs with EPG in-

cluded in a literature review were German 

Shepherd or German Shepherd crossbred 

dogs, the authors speculated that this might 

simply represent the popularity of the breed.1 

There does not appear to be sex predilection 

for EPG in dogs.1  

Brown Norway rats, which have been used to 

study the pathogenesis of asthma, may also 

develop a spontaneous eosinophil-rich gran-

ulomatous pneumonia in the absence of any 

experimental procedure. While lesions have 

been observed in rats of various ages, they  

Figure 2-3. Lung, dog. In consolidated areas, alveoli are filled with a markedly cellular exudate, and 
septa are fibrotic. (HE, 81X) 
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seem to affect particularly young adult ani-

mals. Both sexes are susceptible. Typical 

gross findings are multiple 1-3 mm diameter, 

pale tan to gray to red foci scattered through-

out the pulmonary parenchyma. Microscopic 

findings are characterized by multifocal to 

diffuse granulomatous pneumonia composed 

of epithelioid cells with or without prominent 

multinucleated giant cells. There may be 

marked perivascular and peribronchiolar 

edema with mixed leukocytic infiltrates rich 

in eosinophils. Detection of possible infec-

tious agents by serology, bacterial culture, 

and special stains on affected lungs have all 

been negative.11  

Treatment of EPG includes administration of 

immunosuppressive and cytotoxic drugs, 

based on a presumed immune-mediated path-

ogenesis.6,7 Immunosuppressive doses of 

prednisone, azathioprine, and cyclophospha-

mide are among the documented treatments; 

the efficiency of other immunosuppressive 

drugs (e.g., cyclosporine) is not known.2,6-8,10  

 

 

 

 

 

 

 

 

 

 

 

 

 

The prognosis is poor due either to partial re-

sponse to treatment or rapid recurrence of 

respiratory clinical signs after cessation of 

treatment.2,6,10 

Contributing Institution:  

Louisiana Animal Disease Diagnostic 

Laboratory (LADDL) 

School of Veterinary Medicine 

Louisiana State University 

http://www1.vetmed.lsu.edu/laddl/index.html 

 

JPC Diagnosis: 

Lung:  Pneumonia, eosinophilic, organizing, 

chronic, multifocal to coalescing, severe. 

 

JPC Comment:  

As the contributor notes, there is a long-

standing debate, referenced in every review 

of EPG, of a potential association between D. 

immitis infection infection and the develop-

ment of the eosinophilic granulomas that 

characterize the disease. In the earliest cases, 

reported in the 1980’s, D. immitis infection  

Figure 2-4. Lung, dog. Higher magnification of pulmonary parenchyma. There is an organizing 
chronic pneumonia with an infiltrate  large numbers of macrophages and eosinophils with occa-
sional multinucleated giant cell macrophages. Alveolar septa are expanded by protein yet to be re-
sorbed (covered by proliferating epithelium and abundant collagen and fibroblasts. (HE, 381X) 
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was common.2,5,10 Since that time, however, 

D. immitis infection has become uncommon 

in reported cases, perhaps indicating the de-

velopment and widespread adoption of heart-

worm prophylaxis in the intervening years.1 

In fact, a recent study notes that, of the 19 

cases of EPG reported before 1988, 8 were 

infected with D. immitis; of the 7 cases re-

ported since, none had evidence of D. immitis 

disease.1 

 

Many cases of EPG present with concurrent 

peripheral eosinophilia and basophilia. The 

presence of basophilia is a particularly un-

common clinical pathology finding that tends 

to narrow a differential list significantly. 

Among the causes for peripheral basophilia 

are allergic diseases, including eosinophilic 

granulomas; neoplastic diseases such as mast 

cell tumors, thymomas, and lymphomatoid 

granulomatosis; drug reactions; stress (in 

birds); and parasitism, including Dirofilaria 

immitis.14 The fact that EPG and D. immitis 

infection both provoke this uncommon clini-

cal pathology further stokes suspicion that a 

casual link underlies this association.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Whether the eosinophilia and basophilia is 

useful diagnostically and whether there is a 

causal link between D. immitis infection and 

EPG are currently both open questions that 

require further investigation.1 

 

There is speculation that EPG might be a 

more progressed form of eosinophilic bron-

chopneumopathy (EBP), an uncommon, typ-

ically steroid responsive condition of young 

dogs.3 The eosinophilic bronchitis with epi-

thelial hyperplasia, ulceration, and/or squa-

mous metaplasia that characterize this condi-

tion tends to destroy airway walls and leads 

to bronchiectasis in 25% of cases.3  EBP is 

currently thought to be immune-mediated, 

but a diagnosis of EBP requires that more 

specific conditions be ruled out. These in-

clude the tracheobronchial parasites Creno-

soma vulpis, Eucoleus aerophilus, and 

Oslerus osleri; the lung worms Angiostron-

gylus vasorum and Filaroides hirthi; Dirifi-

laria immitis infection; and neoplasia, includ-

ing pulmonary carcinoma, histiocytic sar-

coma, lymphoma, and lymphomatoid granu-

lomatosis.3 
 

Figure 2-5. Lung, dog. The inflammatory infiltrate is composed primarily of eosinophils and macro-
phages. (HE, 850X) 
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Figure 2-6. Lung, dog. The inflammatory infil-
trate extends into the pleura. (HE, 318X) 

 

Conference discussion initially focused on 

the lesion distribution, which is predomi-

nantly parenchymal and is curiously concen-

trated subjacent to the pleura. Dr. Williams 

prefers to describe this distribution, which 

most closely resembles an interstitial pattern 

but isn’t an exact fit to any of the establish 

patterns, as simply pneumonia. Conference 

participants also remarked on the lack of a 

clear nodular pattern that is typical of EPG. 

 

A particular striking histologic feature in this 

slide is the irregular, eosinophilic, densely 

cellular material found protruding into air-

ways and multifocally adhered to alveolar 

walls. Though most conference participants 

interpreted this as alveolar fibrosis, Dr. Wil-

liams interpreted these areas as ancient rem-

nants of previously suffered bouts with an ex-

tremely exudative inflammatory process.  

The fibrous tissue left behind represents at-

tempts by the lung to repair the damage, re-

ferred to as organizing pneumonia. In less af-

fected areas of lung, alveoli are multifocally 

mineralized, a lesion that likely represents a 

more recent stage of injury, providing multi-

ple temporal stages in the disease process in 

one slide. 

 

Participants also discussed the nature of the 

inflammatory infiltrate at length. While eo-

sinophils are clearly the main driver of dis-

ease in this case, the remainder of the inflam-

mation was characterized by the conference 

participants as mixed, with large numbers of 

plasma cells, lymphocytes, and histiocytes.  

 

Based on these discussions, the JPC morpho-

logic diagnosis highlights the eosinophilic 

nature of the inflammation and eschews the 

reference to granulomatous due to the heter-

ogenous nature of the infiltrate. Conference 

participants also felt that the multifocal foci 

of organizing pneumonia was an important 

histologic feature to highlight as it provides a 

window into pathogenesis and an indicator of 

chronicity. 
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CASE III:   

 

Signalment:  

4-year-old, Angus cow, bovine (Bos taurus) 

History: 

Four adult Angus cows and an adult Hereford 

bull died suddenly a few days after being 

moved to lush pasture.  

Gross Pathology:  

The lungs did not collapse when the thorax 

was opened. The majority of the lung paren-

chyma was red, heavy, wet and meaty with 

emphysema and edema in the interlobular  

 
Figure 3-1. Lung, ox.  The lungs failed to col-
lapse when the thorax was opened. They are 
reddened, and interlobular septal expansion 
is prominent with interlobular emphysema in 
the caudal lobes. (Photo courtesy of: New 
Mexico Department of Agriculture Veteri-
nary Diagnostic Services, www.nmda.nmsu. 
edu/vds) 

 

septa and moderate numbers of petechiae on 

the surface. Approximately 10-30% of the 

lung parenchyma in the cranioventral lung 

fields was dark red to plum colored, firm and 

consolidated.  

Laboratory Results: 

Pasteurella multocida was isolated on bacte-

rial culture of the consolidated lung. 

PCR testing of the lung was negative for bo-

vine viral diarrhea (BVD) virus, bovine her-

pesvirus-1 (IBR), bovine respiratory syncyt-

ial virus (BRSV), Mycoplasma bovis, bovine 

respiratory coronavirus, and bovine influenza 

virus (BIV).   

Microscopic Description:  

The lung is diffusely congested. In the major-

ity of the lung, the alveoli are filled with 

edema and fibrin mixed with variable num-

bers of macrophages, small numbers of neu-

trophils and rare multinucleated giant cells. 

The fibrin occasionally forms hyaline mem-

branes that are associated with the alveolar 

wall. The alveolar septa are thickened by  



189 
 

 
Figure 3-2. Lung, ox. When removed from the 
thorax, the lungs fail to collapse, there is ex-
tensive consolidation of all lobes, and leaked 
fluid pools beneath them. (Photo courtesy of: 
New Mexico Department of Agriculture Vet-
erinary Diagnostic Services) 

 

fibrin, edema, macrophages, lymphocytes 

and swollen type II pneumocytes that epithe-

lialize the alveolar wall. The interlobular 

septa and pleura are thickened by edema and 

emphysema.  

Contributor’s Morphologic Diagnosis:  

Lung: Interstitial pneumonia, acute, diffuse, 

severe, with hyaline membrane formation, 

type II pneumocyte hyperplasia, edema, and 

emphysema (acute bovine pulmonary edema 

and emphysema) 

Contributor’s Comment:  

The clinical history and the gross and micro-

scopic lesions are consistent with the respira-

tory disease known as acute bovine pulmo-

nary edema and emphysema (ABPEE). 

ABPEE is a toxic interstitial pneumonia of 

cattle.3,5 The disease most commonly occurs 

in adult cattle.  

 

Calves appear to be resistant to the disease. 

ABPEE typically occurs in the fall 4-10 days 

after cattle are moved from summer pastures 

to lusher fall pastures, but it can occur any 

time of the year when cattle are moved to lush 

pastures.   

ABPEE is caused by L-tryptophan within 

plants being converted to 3-methylindole by 

rumen microbes.1,2,3,5,6,7 The 3-methylindole 

formed in the rumen is absorbed into the 

bloodstream, eventually making it to the 

lungs.3,5 There is evidence that suggests 3-

methylindole preferentially binds in the lung 

of susceptible species compared to other or-

gans such as the liver.7 Within the lung, 3-

methylindole is converted to unknown toxic 

metabolites by mixed function oxidases, 

mainly cytochrome p450 in the nonciliated 

bronchiolar epithelial cells.3,5 The toxic me-

tabolite of 3-methylindole causes necrosis of 

bronchial epithelium and type I pneumo-

cytes, endothelial cell swelling, and increased 

vascular permeability. The increase in vascu-

lar permeability leads to edema and thicken-

ing of the alveolar wall. Type II pneumocyte 

hyperplasia occurs in response to necrosis of 

type I pneumocytes.  

Typical gross lesions of ABPEE in cattle in-

clude pale to red, edematous, meaty and rub-

bery lungs that fail to collapse when the 

thorax is opened.3,5 The lungs are often em-

physematous. Microscopically, there is inter-

stitial and alveolar edema with hyaline mem-

brane formation in alveoli. There is often in- 

 
Figure 3-3. Lung, ox. At subgross magnifica-
tion, there is diffuse lobular consolidation 
and marked expansion of interlobular septa. 
(HE, 5X) 
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terstitial emphysema. Eosinophils and neu-

trophils may be present within alveolar septa. 

In more chronic cases, there is diffuse type II 

pneumocyte hyperplasia and alveolar fibro-

sis. Secondary suppurative bronchopneumo-

nia can occur. Differential diagnoses include 

4-ipomeanol from ingestion of Fusarium 

solani-contaminated sweet potatoes, inges-

tion of purple mint (Perilla frutescens), in-

gestion of rapeseed and kale (Brassica spe-

cies), ingestion of stinkwood (Zieria arbo-

rescens), extrinsic allergic alveolitis, hyper-

sensitivity to Dictyocaulus larvae, and viral 

pneumonia, particularly that caused by 

BRSV.  

Contributing Institution:  

New Mexico Department of Agriculture  

Veterinary Diagnostic Services 

www.nmda.nmsu.edu/vds 

 

JPC Diagnosis: 

Lung: Pneumonia, interstitial, diffuse, se-

vere, with septal necrosis, marked alveolar 

and interlobular edema, hyaline membranes, 

and type II pneumocyte hyperplasia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Comment:   

3-methylindole (3-MI) toxicity is a prime ex-

ample of biotransformation gone bad. Bio-

transformation refers to metabolic reactions 

that generally serve to increase the water sol-

ubility of compounds and thus enhance their 

excretion.4 These reactions transform toxic 

compounds into benign metabolites and are 

also critical to the metabolism of endogenous 

compounds such as cholesterol, steroids, vit-

amin D, bile acids, and fatty acids.4 In some 

instance, however, biotransformation may 

form reactive intermediates, such as electro-

philes and free radicals, that are directly toxic 

or mutagenic.4 

Biotransformation is typically described as a 

phased process, with Phase I reactions con-

sisting primarily of oxidation, reduction, and 

hydrolytic reactions that cause small changes 

in the water solubility of the compound.4 It is 

the subsequent Phase II reactions where large 

changes in water solubility are effected, typi-

cally via conjugation reactions where a vari-

ety of hydrophilic moieties are added to the 

subject compound.4 Phase III, the final phase  

Figure 3-4. Lung, ox. Diffusely, alveoli are filled with edema and numerous alveolar macrophages.  
Alveolar septa are expanded by edema and multifocally lined by type II pneumocytes. (175X) 

 



191 
 

 
Figure 3-5. Lung, ox. Multifocally, alveoli are 
filled with polymerized fibrin which occasion-
ally compacts and lines the damaged alveolar 
septa (hyaline membranes). (HE, 575X) 

 

of biotransformation, refers to the trans-

porter-mediated efflux of the metabolite for 

excretion. 

 

Phase I metabolism is carried out largely 

through a family of heme-containing en-

zymes referred to as cytochrome P450s 

(CYPs). Given its major role in detoxifica-

tion, the liver expresses high levels of a vari-

ety of CYPs located in the smooth endoplas-

mic reticulum of hepatocytes.4 In all species, 

CYPs are more highly expressed in centri-

lobular zone hepatocytes, leading to centri-

lobular necrosis when biotransformation cre-

ates toxic intermediates. CYPs are not re-

stricted to the liver but are found in a variety 

of tissues throughout the body. In the lung, 

CYP2F enzymes are abundant, particularly in 

the club cells, the nonciliated bronchiolar ep-

ithelial cells formerly called Clara cells.4 

 

Phase II biotransformation reactions are pri-

marily conjugation reactions that occur in the 

cytosol. These reactions include glucuronida-

tion, sulfation, and glutathione conjugation, 

along with less common reactions such as 

methylation, acetylation, and amino acid con-

jugation.4 There are significant species dif-

ferences in which reactions predominant, 

particularly with glucuronidation and sul-

fation reactions. Glucuronidation is the major 

Phase II metabolic pathway in all mammalian 

species except for cats, who assert their feline 

singularity by preferentially using sulfation 

reactions.4 

 

As the contributor notes, the critical step in 

the pathogenesis of ABPEE is the biotrans-

formation of 3-MI, a relatively inert com-

pound, to a toxic electrophilic intermediate 

by CYPs in the lung. The resulting toxic in-

termediate alkylates cellular macromole-

cules, resulting in lipid peroxidation, mem-

brane damage, and the subsequent necrosis of 

bronchiolar epithelial cells and type I pneum-

nocytes.3 Type II pneumocytes are relatively 

unaffected despite their high CYP activity 

due to their high levels of glutathione and 

phase II enzymes which are thought to pro-

tect them from injury.3 In fact, type II pneu-

mocyte hyperplasia, not necrosis, is a charac-

teristic histologic change of ABPEE as type 

II pneumocytes proliferate to repair the ex-

tensively damage alveolar epithelium. 

 

Dr. Williams felt that this case was a great, 

straightforward example of atypical intersti-

tial pneumonia in cattle. He noted areas 

within the lung where the alveolar type I 

pneumocytes appeared to be replaced with 

bronchiolar epithelium, a metaplastic change 

referred to as bronchiolarization or Lamber-

tosis.  This change occurs when bronchiolar 

epithelium attempts to repair alveolar dam-

age by growing out from the bronchioles and 

into the alveolar sacs and occurs with severe 

diffuse alveolar damage.  

 

 
Figure 3-6. Lung, ox. Interlobular septa are 
markedly expanded by edema. (HE, 47X) 
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Dr. Williams also noted what appear as undu-

lating nodules of smooth muscle in the wall 

of the pulmonary vein. This represents a nor-

mal spiral of smooth muscle present normally 

in the pulmonary veins of bovids and should 

not be confused with hypertensive or neo-

plastic change. Finally, Dr. Williams noted 

that edema fluid can drain through lymphatic 

slits present around the bronchovascular bun-

dle, making this a good location to find sider-

ophages if you suspect heart failure. 

 

Dr. Williams discussed the edema and em-

physema noted by the contributor. While the 

interlobular septa are markedly expanded by 

clear space, on the examined slide, these 

spaces appeared largely to be lymphatic 

channels filled with edema fluid. Dr.Wil-

liams interpreted the remaining clear spaces 

within the pulmonary parenchyma to be alve-

olar ducts rather than discontinuous alveolar 

septa. The JPC morphologic diagnosis re-

flects these interpretations, arrived at after 

much discussion. 
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CASE IV:  

 

Signalment: 

10-month-old, male Dorper sheep, ovine 

(Ovis aries)  

 

History: 

The farm has a Dorper sheep herd comprising 

1500 animals. Four sheep showed clinical 

respiratory signs characterized by cough and 

tachypnea. They were administered antibiot-

ics and nonsteroidal anti-inflammatory drugs, 

but no clinical improvement was noted. Fif-

teen animals died within 10 days. One sheep 

was euthanized owing to poor quality of life 

and underwent necropsy. 

 

Gross Pathology:  

Lung: Gross examination revealed bilaterally 

consolidated areas that were focally exten-

sive, dark red, and firm on palpation, affect-

ing the cranioventral region of the right 

(40%) and left (10%) lobes. On cut surface, 

the parenchyma was light brown to dark red 

and consolidated. A large amount of translu-

cent seromucous fluid was seen at the open-

ing of the bronchi. 
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Figure 4-1. Lung, sheep. There is marked con-
solidation and atelectasis of the ventral as-
pects of the right cranial, middle and caudal 
lung lobes. (Photo courtesy of: Laboratório de 
Patologia Veterinária, Universidade Federal 
de Mato Grosso, Brazil) 

 

Laboratory Results: 

Bacteriology: Pasteurella multocida and 

Mannheimia haemolytica PCR were negative 

(lung). 

 

Virology: PCR of the lung tissue was positive 

for Mycoplasma spp. and lentivirus of small 

ruminants, which were confirmed as Myco-

plasma ovipneumoniae and Maedi visna us-

ing genetic sequencing. 

 

Microscopic Description:  

Lung: Alveolar lumina are variably filled by 

large numbers of neutrophils and macro-

phages admixed with mild edema affecting 

30-40% of the parenchyma within submitted 

sections. Multifocally, moderate numbers of 

affected alveoli are lined with plump and cu-

boidal epithelial cells (type II pneumocyte 

hyperplasia). Multifocally, the lumens of the 

bronchi and bronchioles are also filled with 

variable numbers of neutrophils admixed 

with fewer macrophages. The submucosa of 

the bronchi and bronchioles, as well as the 

adventitia of the blood vessels, are frequently 

expanded by cuffs of lymphocytes and 

plasma cells arranged in follicular aggre-

gates. 

 

Contributor’s Morphologic Diagnosis:  

Lung: Bronchopneumonia, suppurative and 

histiocytic, chronic-active, diffuse, severe, 

with bronchial epithelial and type II pneumo-

cyte hyperplasia and peribronchiolar lym-

phofollicular proliferation. 

 

Contributor’s Comment:  

Maedi-visna (MV), also known as ovine pro-

gressive pneumonia (OPP), is an incurable 

viral disease in sheep with a prolonged incu-

bation period that develops into a life-long in-

fection.3 This disease is caused by non-onco-

genic exogenous retroviruses, namely maedi-

visna virus (MVV) and caprine arthritis-en-

cephalitis virus (CAEV), both of which be-

long to a subgroup of viruses known as small 

ruminant lentiviruses (SRLVs).10 For years, 

lentiviruses isolated in ovines were consid-

ered MVV and ones in caprines were consid-

ered CAEV, and the two were considered to 

be species-specific; however, phylogenetic 

analyses and findings of cross-infection have 

demonstrated differences in genotypes and 

lentiviral subtypes that can infect both goats 

and sheep.1,5-7,12,14,16,17 

 

 
Figure 4-2. Lung, sheep. Two sections of lung 
are submitted for examination. One section 
exhibits total consolidation. A second section 
demonstrates profound peribronchiolar and 
peribronchial lymphoid hyperplasia.  (HE. 6X) 
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SRLVs exhibit tropism for the mononuclear-

phagocyte system and induce slow, chronic, 

and persistent inflammation mainly in four 

target organs (the lung, joints, nervous sys-

tem, and mammary gland), resulting in dif-

ferent clinical phenotypes (i.e., pulmonary, 

articular, nervous, and mammary, respec-

tively). Interestingly, the occurrence of each 

clinical form and lesion severity depends on 

viral factors, as well as the host immune re-

sponse.2,4,9,11 In the present case, the lung le-

sions were typical of SRLVs, characterized 

by lymphoplasmacytic infiltration in septa 

with type II pneumocyte hyperplasia and in-

filtration of lymphocytes in the bronchi and 

bronchioles, and eosinophilic exudates in al-

veoli.3,17 

 

The farm where the outbreak occurred had a 

system of extensive breeding without control 

measures. Ewes and breeding males were ac-

quired from another Brazilian state, Bahia, 

where seroprevalence studies have demon-

strated the presence of SRLV.15 Thus, it is 

probable that the purchase of these animals 

introduced the disease into the herd via  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

asymptomatic animals.  

 

In the present case, M. ovipneumoniae was 

detected by PCR from pulmonary tissue. M. 

pneumoniae is a respiratory bacterium com-

monly detected in both healthy and diseased 

lambs.8 Although speculation, it is possible 

that Maedi, a retrovirus, may cause immuno-

suppression, thereby contributing to the es-

tablishment of subsequent ovipneumoniae 

colonization. 

A definitive diagnosis of maedi was made 

based on the characteristic lesions identified 

grossly and histopathologically, along with a 

supportive clinical history of the disease. The 

diagnosis was confirmed by molecular tech-

niques. 

 

Contributing Institution: 

Laboratório de Patologia Veterinária 

Faculdade de Medicina Veterinária 

Universidade Federal de Mato Grosso 

Brazil. 

 

 

 

Figure 4-3. Lung, sheep. Airways and surrounding alveoli contain innumerable neutrophils. (HE, 

166X) 
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Figure 4-4. Lung, sheep. In areas not totally 
overrun by the suppurative bronchopneumo-
nia, alveolar septa are expanded by lympho-
cytes and macrophages. (HE, 166X). 

 

JPC Diagnosis: 

1. Lung:  Bronchopneumonia, neutrophilic, 

diffuse, moderate, with bronchiolar epi-

thelial hyperplasia, alveolar collapse, and 

peribronchiolar and perivascular lym-

phoid hyperplasia. 

2. Lung: Pneumonia, interstitial, lympho-

histiocytic, multifocal, mild. 

 

JPC Comment:  

Maedi-Visna virus (MVV) was first de-

scribed in Iceland in 1954 by Bjorn Sigurds-

son, who made history three years later by 

isolating MVV and thereby becoming the 

first scientist to isolate a lentivirus. Maedi-

visna and Iceland have history that began in 

1933 when the country imported several Kar-

akul sheep tasked with improving the native 

Icelandic sheep breed. Unfortunately, Ice-

landers had the wool pulled over their eyes as 

the apparently healthy Karakul managed to 

introduce ovine pulmonary adenomatosis, 

pseudotuberculosis, and MVV to the native 

herds.18 The long incubation period charac-

teristic of MVV delayed the first clinically 

apparent epidemic until six years after impor-

tation of the sheep, allowing the virus to 

spread throughout the country undetected and 

unimpeded for years.18  

 

What followed the discovery of MVV was a 

concerted effort to understand, contain, and 

eradicate the disease. The disease name 

originates in the Icelandic words for dyspnea 

(maedi) and wasting (visna), and the virus 

was officially designated Maedi-Visna Virus 

to honor the outstanding efforts of Icelandic 

scientists.18 Though it persists throughout 

most countries in the world today, the disease 

was eradicated from the Icelandic islands 

during the 1960s through mass slaughter of 

sheep on affected farms.  

 

MVV is, in many ways, a typical lentivirus, 

though it differs from its genus-mates in that 

it typically does not cause immunosuppres-

sion. Lentiviruses are a genus of retroviruses 

characterized by causing slowly progressing 

disease. Members of the Retroviridae family 

are unique in possessing a reverse transcrip-

tase that transcribes the linear, positive-sense 

single stranded RNA genome into double 

stranded DNA.13 This reverse transcriptase is 

transcribed by one of the three genes that 

make up the minimum armamentarium of 

any self-respecting retrovirus: gag, pol, and 

env. The gag (group-specific antigen) gene 

encodes structural proteins, the pol (polymer-

ase) gene encodes the reverse transcriptase 

and integrase enzymes, and env (envelope) 

encodes the major envelope glycoprotein.13  

 

Retroviruses gain entry to host cells through 

interactions with the envelope glycoprotein 

and a specific cell receptor that varies de-

pending on the individual virus. Once inside 

the cell, reverse transcriptase synthesizes 

double stranded DNA copies of the viral ge-

nome in the host which move to the nucleus 

and are integrated randomly into the host ge-

nome via viral integrase.13 Viral DNA is then 

transcribed using host cell replication ma-

chinery, and mature virions are assembled in 

the host cytoplasm and acquire an envelope 

as they bud from the host cell membrane. 

 

Infection with MVV is frequently subclini-

cal, and although virus is widely distributed 

throughout affected animals, MVV is 
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transmitted mainly in pulmonary exudates, 

colostrum, and milk.13 The wide distribution 

of affected tissues is due to a unique “Trojan 

horse” pathogenic mechanism where pro-

virus integrated into the genome of mono-

cytes and their precursors is activated only 

when monocytes develop into macro-

phages.13 This restricted viral replication in 

monocytes permits MVV to transit surrepti-

tiously through the body with minimal im-

mune stimulation. 

 

In conference, Dr. Williams emphasized how 

much information can be gleaned from sub-

gross examination of this particular slide. The 

most striking feature is the complete lack of 

air in the majority of the submitted sections. 

The affected area is sharply demarcated on 

the gross aspect (Fig. 4-1) and represents 

complete alveolar collapse, and Dr. Williams 

emphasized that these changes should prompt 

participants to consider small airway disease. 

Subsequent examination of the bronchioles 

and surrounding vessels revealed bronchial 

epithelial hyperplasia and robust smooth 

muscle within arteriole walls. The arteriolar 

medial hypertrophy is likely due to the lung’s 

paradoxical response to hypoxia; if the alve-

oli are not being properly ventilated, endo-

thelin-mediated vasoconstriction attempts to 

match perfusion with ventilation and shunts 

the blood away from the ineffectual alveoli. 

With chronicity, this can result in the arterio-

lar medial hypertrophy seen throughout this 

section. 

 

There was robust discussion about ascribing 

particular histologic lesions to either MVV or 

Mycoplasma ovipneumonia in these particu-

lar sections. Generally, MVV should cause 

BALT hyperplasia and lymphohistiocytic in-

terstitial pneumonia, while M. ovipneumonia 

should cause airway epithelial hypertrophy 

and an exudative neutrophilic bronchitis and 

bronchiolitis. Participants believed that the 

majority of the histologic lesions were likely 

attributable to Mycoplasma ovipneumonia, as 

the section was dominated by airway disease 

and BALT hyperplasia. In less affected areas 

of the lung, where alveoli were inflated and 

septa could be properly evaluated, a mild in-

terstitial lymphohistiocytic pneumonia was 

present, though this was deemed a minor le-

sion in the evaluated section.  

 

Participants also noted the history, which de-

scribes a quickly moving epidemic, and the 

young age of the animal. Both factors are 

more consistent with Mycoplasma ovipneu-

monia disease since MVV typically only 

causes clinical signs in animals many years 

post-infection. Participants vigorously dis-

cussed combining all histologic changes into 

a single morph; however, a reluctant, sheep-

ish consensus was eventually reached to split 

the lesions into multiple morphologic diagno-

ses. The first diagnosis emphasizes partici-

pants’ assessment that the major histologic 

lesions were attributable to Mycoplasma 

ovipneumonia, while the second diagnosis 

emphasizes the mild interstitial disease that is 

potentially attributable to MVV. 
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WSC 2023-2024 

Conference 9 Self-Assessment 

1. True or false?  In pulmonary veno-occlusive disease in dogs, arteriolar remodeling is 

consistently seen.   

a. True 

b. False 

 

2. True or false?  The veterinary literature has suggested a link between ascarid larval 

migration and eosinophilic pulmonary granulomatosis. 

a. True 

b. False 

 

3. True or false? Eosinophilic pulmonary granulomatosis has a strong breed predilection 

for French bulldogs 

a. True 

b. False 

 

4. 3-methylindole is converted to toxic metabolites in which of the following? 

a. Centrilobular hepatocytes 

b. Type I pneumocytes 

c. Non-ciliated respiratory epithelium 

d. Ciliated respiratory epithelium 

 

5. True or false.   The Maedi-Visna virus can infect both sheep and goats. 

a. True 

b. False 
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CASE I:   

 

Signalment:  

Adult female betta fish, piscine (Betta splen-

dens) 

History:  

This adult, female betta fish exhibited erratic 

and abnormal swimming behavior for 17.5 

days. The owner described the fish as happy-

go-lucky since being purchased at the local 

fish store. The fish even swam up to be ca-

ressed on the head at times. One day, after 2 

years, the owner noted the fish had difficulty 

swimming. The owner also noticed that the 

fish had a greatly distended coelomic cavity.  

The fish was subsequently euthanized. 

 

Gross Pathology: 

There was an approximately 1 cm diameter 

distension of the coelomic cavity. On cut sec-

tion, the mass was tan and solid. 

 

 
Figure 1-1. Transverse sections, betta. Sub-
gross magnification demonstrates a large ba-
sophilic neoplasm occupying a large portion 
of the coelom. (HE, 5X) 

 

 

 

 

 

 

 

 

 

 

 

Microscopic Description:  

Kidney: Expanding and occupying greater 

than 90% of the coelomic cavity, compress-

ing and displacing adjacent organs, and aris-

ing from the kidney, is a well-demarcated, 

unencapsulated, densely cellular, 0.75 cm di-

ameter neoplasm composed of three distinct 

cell populations supported on a variably fine 

fibrovascular stroma. The first cell popula-

tion is composed of polygonal cells (blaste-

mal cells) which irregularly merge into two 

other populations. An epithelial cell popula-

tion is arranged in palisading, branching, and 

tubule-like formations that often resemble lu-

mens.  

 

The third population resembles small, com-

pact tufts of cells (glomeruloid structures). 

Spindle to stellate cells are scattered through-

out the neoplasm (embryonal mesenchyme). 

Polygonal blastemal cells have indistinct cell 

borders, a high nuclear to cytoplasmic ratio, 

a scant amount of eosinophilic cytoplasm, 

round to oval nuclei, and dense chromatin 

with indistinct nucleoli. Epithelial cells are 

cuboidal to columnar with variably distinct 

cell borders, a moderate amount of eosino-

philic cytoplasm, round to oval nuclei with 

stippled chromatin and variably distinct nu-

cleoli. Embryonal mesenchymal cells are 

spindle to stellate and loosely arranged, with 

indistinct cell borders, scant eosinophilic cy-

toplasm with elongate to oval nuclei and in-

distinct nucleoli. Mitotic figures are not pre-

sent in the neoplasm. Peripherally, ova are  
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Figure 1-2. Coelom, betta. A large neoplasm 

is composed of multiple patterns including 

broad streams, bundles, and tubules. (HE, 

36X) 

 

multifocally degenerate and are atrophied 

with variably sized, irregularly shaped oocyte 

borders. 

Transmurally and multifocally expanding the 

stomach wall are variably dense aggregates 

of macrophages interspersed with areas of 

spindle cells and fibrous connective tissue.  

Multifocally throughout the stomach wall 

and extending into the coelomic cavity are 

40-100um diameter granulomas character-

ized by a core of brightly eosinophilic ne-

crotic debris, foamy macrophages, degener-

ate inflammatory cells, and mineral which are 

surrounded by variably dense concentric lam-

ellations of spindle cells and macrophages. 

Multifocally, there are less developed granu-

lomas that contain foamy macrophages with 

a light yellow-brown hemosiderin-like pig-

ment. Scattered throughout the ovaries are 

multiple granulomas as previously described. 

 

Contributor’s Morphologic Diagnoses: 

1. Betta fish, kidney: Nephroblastoma. 

2. Betta fish, ovaries, stomach and coelomic 

cavity: Granulomas, multiple, most likely 

Mycobacteria spp. 

 

Contributor’s Comment: 

Nephroblastoma is considered a common pri-

mary tumor of pigs, chicken, and fish with 

varying reports in dogs, cats, and cattle.7 In 

this case, spontaneous nephroblastoma in 

Betta splendens (“Siamese fighting fish”) has 

been reported with other fish species, to in-

clude Japanese eels (Anguilla japonica), koi 

(Cyprinus carpio), and striped bass (Morone 

saxatilis).2,4,6,12 Nephroblastomas arise from 

neoplastic transformation of nephrogenic 

stem cells, which give rise to the characteris-

tic blend of three cell populations that attempt 

to parallel the histo-anatomic components of 

the kidney through epithelial, blastemal, and 

mesenchymal cells. The cause of these tu-

mors in fish is considered spontaneous, but 

has also been attributed to carcinogens.5  

Other than coelomic enlargement, the clinical 

presentation of nephroblastoma in fish varies.   

Mycobacteriosis affects wild and cultured 

freshwater, marine, and brackish fish world-

wide, and frequently manifests as a chronic, 

progressive, and systemic disease.10 Trans-

mission routes vary but may include canni-

balism of infected fish, consumption of con-

taminated feed and/or detritus, or shedding 

from other aquatic vertebrates. 

Although many Mycobacteria species have 

been isolated from fish, the most frequent and 

significant fish mycobacterioses include M. 

chelonae, M. fortuitum, and M. marinum.1 

Granuloma formation due to Mycobacteria 

infection in fish can be identified grossly 

(grayish-white, miliary nodules) and histo-

logically in a variety of organs to include, but  

 
Figure 1-3. Coelomic mass, betta. The pre-
dominant cells are neuroectodermal and are 
occasionally embedded in neuropil. (HE, 
183X) 
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not limited to, the spleen, kidney, liver, and 

coelomic cavity. The histologic appearance 

of granulomas in most fish species is charac-

terized by an outer wall of concentrically lay-

ered epithelioid macrophages, necrotic cen-

ters, and variable numbers of acid-fast bacilli 

within the core. The epithelial cell character-

istics of these epithelioid macrophages is 

demonstrated by positive immunoreactivity 

for cytokeratin.8,9 

The cause of death in this fish is most likely 

multi-factorial and attributed to pathophysio-

logic changes associated with tumor com-

pression of vital organs and granuloma for-

mation in multiple organs.  

 

JPC Diagnosis: 

1. Ovaries, posterior kidney, and coelom: 

Teratoma. 

2. Ovaries: Follicular degeneration and ne-

crosis, multifocal, chronic, moderate (fol-

licular stasis/egg binding). 

3. Stomach and coelom: Granulomatous 

and fibrosing gastritis, transmural, re-

gionally extensive, severe, with regional 

coelomitis and intralesional birefringent 

debris (foreign body).  

 

 

 
Figure 1-4. Neoplasm, betta. Rosettes are 
commonly seen in the neuroectomal tissue. 
(HE, 613X) 

 

 

 

 

 

 
Figure 1-5. Neoplasm, betta. Columnar epi-
thelium forms torturous single-layered struc-
tures resembling gastrointestinal tissue. (HE, 
363X) 

 

JPC Comment:   

We agree with the contributor that there are 

three populations of cells within the exam-

ined section; however, we interpret these 

populations to originate from the three pri-

mordial germ layers, and thus prefer a diag-

nosis of teratoma. The examined section con-

tains multiple large areas of neural differenti-

ation (ectoderm), sheets of primitive mesen-

chymal tissue (mesoderm), and numerous 

tubular structures (endoderm). The teratoma 

is adhered to and infiltrates both the posterior 

kidney and the ovary. Intracoelomic terato-

mas usually originate from the ovary in fe-

male fish, making ovarian origin most likely 

for this tumor.11 As in this case, teratomas in 

fish often present as large coelomic masses 

causing coelomic distention.2,11 

 

While most cases of granulomatous inflam-

mation in fish should be stained with acid fast 

stains to rule out mycobacteriosis, the distri-

bution of granulomas in this case would be an 

unusual presentation. Mycobacteriosis in fish 

typically causes discrete granulomas or 

sheets of macrophages in the liver, spleen, 

kidney, skin, and coelom. In this case, infec-

tion and fibrosis track through the gastric 

wall in a manner most consistent with trauma 

(foreign body). The H&E slide was examined 

under polarized light and birefringent mate-

rial was noted in the granulomas in the coe-

lomic cavity adjacent to the gastric lesion,  
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Figure 1-6. Stomach, betta. There is a focal fi-
brous adhesion between the stomach and a 
loop of bowel with embedded granulomas. 
(HE, 69X) 

 

further supporting foreign body trauma. Acid 

fast stains were applied to the lesions and 

were negative. 

 

We note the contributor’s reference to granu-

lomas in the ovaries; however, in our exam-

ined sections, these structures consist mostly 

of shrunken and necrotic ovarian follicles be-

ing engulfed by macrophages. This is a com-

mon lesion of follicular degeneration/egg 

binding and was likely caused by the mass ef-

fect of the teratoma preventing normal follic-

ular release. 

 

This week’s conference was moderated by 

Dr. Elise LaDouceur, Chief of Extramural 

Projects and Research at the Joint Pathology 

Center. Conference participants were of two  

 

 
Figure 1-7. Omentum, betta. There are nu-

merous well-formed granulomas within the 

omental adhesion.  (HE, 186X) 

 

schools, with all participants diagnosing ei-

ther nephroblastoma or teratoma. All partici-

pants were eventually convinced of teratoma 

by the large areas of neural differentiation 

and ciliated epithelium.  

 

Discussion also centered on whether the tu-

mor was arising from or invading into the 

posterior kidney and ovary. While this was 

impossible to determine from the examined 

sections, in all species, teratomas most com-

monly arise in the gonads, making ovarian 

origin mostly likely.  

 

Participants discussed egg binding, also 

known as follicular stasis. This condition in 

teleost fish has many causes, including mass 

effect, inflammation, or lack of access to 

nesting areas.  

 

References: 

1. Decostere A, Hermans K, Haesebrouck 

F. Piscine mycobacteriosis: a literature 

review covering the agent and the dis-

ease it causes in fish and humans. Vet 

Microbiol. 2004;99(3-4):159-166. 

2. Groff JM. Neoplasia in fishes. Vet Clin 

North Am Exot Anim Pract. 2004;7(3): 

705-706. 

3. Helmboldt CF, Wyand DC. Nephroblas-

toma in a striped bass. J Wildl Dis. 1971; 

7:162–165. 

4. Lombardini ED, Law M, Lewis BS. 

Nephroblastoma in two Siamese fighting 

fish (Betta splendens). Fish Pathol. 

2010;45:137–139. 

5. Lombardini ED, Hard GC, Harshbarger 

JC. Neoplasms of the urinary tract in 

fish. Vet Pathol. 2014;51(5):1000-1012. 

6. Masahito P, Ishikawa T, Okamoto N, et 

al. Nephroblastomas in the Japanese eel, 

Anguilla japonica Temminck et Schle-

gel. Cancer Res. 1992;52:2575–2579. 

7. Meuten DJ, Everitt J, Inskeep W, et al. 

Histological classification of tumors of 

the urinary system of domestic animals. 



203 
 

Armed Forces Institute of Pathology; 

2004. 

8. Noga EJ, Dykstra MJ, Wright JF. 

Chronic inflammatory cells with epithe-

lial cell characteristics in teleost fishes. 

Vet Pathol. 1989;26(5):429-437. 

9. Polinas M, Padrós F, Merella P, et al. 

Stages of granulomatous response 

against histozoic metazoan parasites in 

mullets (Osteichthyes: Mugilidae). Ani-

mals (Basel). 2021;11(6):1501 

10. Puk K, Guz L. Occurrence of Mycobac-

terium spp. in ornamental fish. Ann 

Agric Environ Med. 2020;27(4):535-

539. 

11. Romanucci M, Arbuatti A, Massimini 

M, Defourny SP, Della Salda L. Ovarian 

teratoma in an adult female Zoogoneti-

cus tequila (Webb & Miller 1998): histo-

logical and immunohistochemical fea-

tures. J Fish Dis. 2017;40(6):859-862. 

12. Stegeman N, Heatley JJ, Rodrigues A, et 

al. Nephroblastoma in a koi (Cyprinus 

carpio). J Exotic Pet Med. 

2010;19:29803. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CASE II:  

 

Signalment:  

1-year-old, female red abalone (Haliotis ru-

fescens) 

 

History:  

Four red abalone were acquired from Califor-

nia for placement in an aquarium. Receding 

tissues were noted in one of the animals. The 

co-housed animal was apparently healthy. 

 

Laboratory Results: 

PCR for Xenohaliotis californiensis was pos-

itive. 

Microscopic Description:  

Posterior esophagus: Moderate numbers of 

epithelial cells lining the posterior esopha-

gus contain large (15-20 µm in diameter) ba-

sophilic cytoplasmic inclusions. The inclu-

sions range from palely basophilic and ho-

mogeneous to moderately basophilic and 

punctate to deeply basophilic and granular. 

The majority of inclusions are located in the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1. Transverse section, abalone. A transverse section of the body of an abalone (and two 
additional sections of gut) is submitted for examination with no lesions visible at this magnifica-
tion. (HE, 5X) 
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apical aspect of the epithelial cells. Rarely, 

there are similar inclusions in the intestinal 

epithelium. Hucker-Twort gram stain shows 

the organisms within the inclusions to be 

gram negative.  

 

Contributor’s Morphologic Diagnosis: 

Posterior esophagus: Moderate numbers of 

intracytoplasmic epithelial inclusions con-

sistent with rickettsiae (abalone rickettsiosis).  

 

Contributor’s Comment:  

Inclusions within the digestive tract of this 

animal are consistent with infection with the 

rickettsial organism Xenohaliotis cali-

forniensis, the agent associated with abalone 

withering syndrome. As this disease is report-

able to the OIE, samples were submitted to 

the NVSL for confirmatory histopathology 

and PCR testing. A PCR product generated 

with PCR primers proscribed by the OIE was 

sequenced and showed 99.37% identity with 

X. californiensis sequences in Gen Bank.4  

Abalone withering syndrome affects multiple 

species within the Haliotis genus in both wild  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and farmed animals. The causative agent, 

Xenohaliotis californiensis, primarily infects 

the posterior esophagus and the digestive 

gland, but can also be seen to a lesser extent 

in the intestine.5 Some of the slides submitted  

here have rare cytoplasmic inclusions present 

in intestinal epithelial cells. Sections of the 

digestive gland from this animal are not pre-

sent on the submitted slides; additional sec-

tions containing the digestive gland exam-

ined by the submitter did not exhibit inclu-

sions within digestive gland cells. Infection 

of the digestive gland leads to degenera-

tion/metaplasia of the digestive tubules 

which leads to anorexia, depletion of glyco-

gen reserves, and subsequent use of the foot 

muscle as an energy source.5 Atrophy of the 

foot muscle is the characteristic gross change 

that gives the syndrome its name.  

 

 

 

 

 

 

Figure 2-2. Gut, abalone. There are scattered epithelial cells which are markedly distended by a cy-
toplasmic vacuole containing numerous punctate bacilli. (HE, 137X) 
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Contributing Institution:  

USDA/APHIS  

NVSL Pathology Laboratory 

https://www.aphis.usda.gov/aphis/ourfo-

cus/animalhealth/lab-info-ser-

vices/sa_about_ nvsl/ct_about_nvsl 

 

JPC Diagnosis: 

1. Gut: Epithelial necrosis, single cell, mul-

tifocal, moderate, with hemocytic inflam-

mation and intracytoplasmic bacterial in-

clusions. 

2. Kidney: Coccidiosis, intraepithelial, mul-

tifocal, moderate with mild epithelial de-

generation. 

 

JPC Comment:  

Withering syndrome (WS) is a bacterial dis-

ease characterized by a severely shrunken 

body and infection by the organism Xeno-

haliotis californiensis. The organism is an 

obligate intracellular bacterium that infects 

the abalone digestive epithelia, causing the 

morphologic abnormalities detailed by the 

contributor and resulting in physiologic star-

vation.1 The organism is likely spread via  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

direct fecal-oral transmission, with initial in-

fection in the post-esophagus, followed by 

the intestine, and finally and most devastat-

ingly, the digestive gland.1 

 

WS affects all members of the Haliotis genus 

with varying degrees of severity, depending 

on species and environmental conditions. 

The disease was first observed in black aba-

lone populations on the California coast in 

1985 after a particularly strong El Niño event 

caused sustained, increased water tempera-

tures off the western US.1 This pattern has 

held in subsequent years, with the geographic 

range of clinical WS moving steadily ever 

northward with increasing coastal water tem-

peratures and episodic high-mortality events 

associated with El Niño years.  

 

Temperature is the central factor in the ecol-

ogy of WS with transmission and disease 

nearly eradicated at water temperatures of 

12.3oC, but high transmission and extreme 

clinical signs evident at 18.7oC.1 The suscep-

tibility of Haliotis species also varies widely, 

with green and pink abalone exhibiting no  

Figure 2-3. Gut, abalone. This field contains several infected intestinal epithelial cells with rickett-
sial inclusions at varying stages of maturity. (HE, 381X) 
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Figure 2-4. Gut, abalone. There are numerous 
hemocytes infiltrating the spongy connective 
tissue adjacent to the affected sections of 
gut. (HE, 317X) 

 

clinical effects of infection and no mortality, 

red abalone exhibiting moderate mortality, 

and black abalone exhibiting catastrophic 

mortality rates of up to 99%.1  

 

Diagnosis of WS requires both identification 

of the pathogen, either by in situ hybridiza-

tion or by PCR and sequence analysis, and 

observation of the characteristic histologic 

changes of pedal and digestive gland atrophy 

and digestive gland metaplasia. PCR may 

also be used to detect Xenohaliotis cali-

forniensis prior to the movement of animals 

as part of infectious disease prevention pro-

tocols.1 Scrupulous husbandry practices, 

such as reduced stocking densities, maintain-

ing cool water temperatures, disinfection of 

hands and equipment when moving among 

groups or tanks of animals, and isolation or 

culling of infected animals are the mainstays  

 

 
Figure 2-5. Renal papilla, abalone. There are 
numerous apicomplexan meronts and shi-
zonts within the epithelium of the renal pa-
pilla. (HE, 391X)  

of WS prevention in Haliotis species under 

human care.  

 

Despite the dramatic mass mortality events 

associated with WS, certain black abalone 

populations appear to have developed some 

resistance to the disease, with progeny of 

mass mortality event survivors experiencing 

longer survival times upon infection.2 In a 

second optimistic development, a bacterio-

phage has been identified within Xenohaliotis 

californiensis in WS-affected farmed aba-

lone. The presence of this bacteriophage ef-

fectively eliminates the ability of Xenohali-

otis californiensis to cause disease in farmed 

abalone, though the extent to which the phage 

is present in the wild is currently unknown.2 

More research is currently needed to under-

stand the complex interactions of climate 

change, water temperatures, natural selection 

pressures, and host-agent-parasite relation-

ships and what these interactions portend for 

the future of Haliotis species. 

 

Conference participants briefly discussed the 

anatomy and ecology of the red abalone, 

which, due to their endangered status, can 

only be harvested via recreational free diving.  

Participants also discussed the coccidial or-

ganisms noted throughout the kidney. These 

are most consistent with Margolisiella hali-

otis (formerly called Pseudoklossia haliotis; 

also called, rather pointedly, abalone kidney 

coccidia) which infects multiple species of 

abalone and targets renal epithelial cells. Le-

sions reportedly associated with this infec-

tion include renal epithelial cell hypertrophy 

and inflammation.3 

 

Participants discussed lesion localization 

within the abalone digestive tract. The mod-

erator felt it unnecessary to parse the different 

gastrointestinal segments present on the ex-

amined slide, particularly since the term 

“gut” is used extensively in invertebrate pa-

thology to refer to the entire invertebrate 
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tubular alimentary tract. Discussion ended 

with a quick review of rickettsia-like bacte-

rial diseases of veterinary note, including Ep-

itheliocystis, Rickettsiella scorpionisepticum, 

Neorickettsia risticii, and Neorickettsia hel-

mintheca. 
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CASE III:   

 

Signalment:  

Juvenile, male Harbour porpoise, cetacean 

(Phocoena phocoena) 

History: 

This animal was found dead on the beach. 

 

Gross Pathology:  

There was white frothy material in the tra-

chea which extended to just proximal to the 

tracheal bifurcation (mild to moderate 

pulmonary oedema). There was a moderate 

amount of white frothy material in the pri-

mary bronchi (pulmonary oedema). There 

were myriad, large (approx. 6 cm long and 1 

mm diameter) nematodes within the primary, 

secondary and tertiary bronchi.  

 

In the smaller bronchi the lumens were fre-

quently filled with nematodes. The right lung 

was diffusely slightly darker red than the left 

(hypostasis). The left lung exhibited several 

parallel dark and light red stripes (rib im-

prints). Throughout the lung parenchyma, bi-

laterally, there were multiple firm foci rang-

ing from 5 to 15 mm diameter, which were 

red to cream on cut surface, and sometimes 

contained nematodes (severe verminous 

pneumonia). Other lesions included: gastritis, 

multifocal, subacute, moderate, with intrale-

sional nematodes and mucosal ulceration; in-

ner ear, nematodiasis, bilateral, subacute, 

moderate to severe; abdominal cavity, 

haemoperitoneum, acute, diffuse, mild to 

moderate; mesenteric lymph nodes, lymphad-

enomegaly, diffuse, subacute, moderate; skin, 

abrasion, multifocal, acute, mild to moderate; 

liver, scar, multifocal, chronic, minimal. 

 

 
Figure 3-1. Lung, porpoise. Secondary bronchi 
contain numerous nematodes. (Photo cour-
tesy of: The University of Liverpool, 
https://www.liverpool.ac.uk/veterinary-sci-
ence/) 
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Figure 3-2. Lung, porpoise. Pulmonary froth 
has washed several nematodes up into the 
proximal trachea. (Photo courtesy of: The 
University of Liverpool) 

 

Laboratory Results: 

Lung: Light growth of Salmonella spp. ob-

tained from cultures.  

 

Microscopic Description:  

Two sections of lung: Multiple secondary 

and tertiary bronchi contain multiple intralu-

minal 1 mm diameter nematodes character-

ised by the presence of a 15 μm thick cuticle, 

coelomyarian musculature, and lateral cords. 

Bronchi also contain immature individuals 

and embryonated eggs, as well as degener-

ated sloughed epithelial cells and extrava-

sated erythrocytes (haemorrhage). There is 

moderate diffuse infiltration of eosinophils 

and fewer lymphocytes, plasma cells and 

macrophages in the epithelium and lamina 

propria of the affected bronchi. 

 

Approximately 50% of the section examined 

is effaced by multifocal to coalescing accu-

mulations of a dense light eosinophilic mate-

rial surrounded by elongated cells (fibro-

blasts), foreign body type multinucleated gi-

ant cells (up to 20 nuclei) and epithelioid 

macrophages (granulomas). These areas oc-

casionally contain a moderate to large 

amount of eosinophilic to basophilic angular 

to crystalline material (mineralization).  

 

Multifocally, bronchioles and alveoli are 

filled with a moderate to large amount of ne-

crotic cellular debris, a moderate number of 

eosinophils, macrophages with foamy cyto-

plasm, lymphocytes, light eosinophilic amor-

phous material (oedema), light eosinophilic 

fibrillary material (fibrin) and, occasionally, 

0.5 um maximum length extracellular baso-

philic coccobacilli. These areas are often as-

sociated with the presence of thin-walled 

cysts (up to 1.5 mm diameter) within the pa-

renchyma, which contain multiple small (200 

μm diameter) nematodes in both transverse 

and longitudinal section. These nematodes 

have a 5-10 μm cuticle with coelomyarian 

musculature, and lateral cords. The coelom 

contains an intestinal tract and reproductive 

tract with larvae. There is also a mixed in-

flammatory infiltration on the alveolar wall, 

composed of eosinophils, lymphocytes and 

plasma cells and multifocal areas of dark ba-

sophilic angular to crystalline material (min-

eralisation).  

 

Pulmonary arteries show marked smooth 

muscle hyperplasia with reduction of the ar-

terial lumen. Alveolar capillaries show pro-

liferation and congestion. There are also ar-

eas of atelectasis and alveolar distension with 

rupture of alveolar wall (emphysema).  

 

 
Figure 3-3. Lung, porpoise. At subgross mag-
nification, numerous nematodes can be seen 
within airways. The alveolar parenchyma is 
largely effaced by fibrosis and inflammation. 
(HE, 5X) 
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Contributor’s Morphologic Diagnosis:  

Lung: Bronchopneumonia, granulomatous 

and eosinophilic, multifocal, chronic, severe, 

with intralesional nematodes, fibrosis and 

mineralisation. 

 

Contributor’s Comment:  

The histological features represent a case of 

granulomatous and eosinophilic broncho-

pneumonia associated with lungworms in a 

harbor porpoise. In the present case, Salmo-

nella enterica Group B has also been isolated 

from the pulmonary lesions and is likely to be 

a clinically significant finding.  

Lungworms are a common finding in wild ce-

taceans, with species of nematodes reported 

in up to 69% of stranded Harbour porpoises 

(Phocoena phocoena), all from the family 

Pseudaliidae.6,7 Pseudalius inflexus and To-

rynurus convolutus are found in the bronchi, 

bronchioles and blood vessels, whereas 

Halocercus invaginatus inhabits the pulmo-

nary parenchyma.2,9 

 

Verminous pneumonia is a common finding 

although is not frequently thought to be the 

primary cause of death. However, there can 

be severe changes, resulting in extensive fi-

brosis and mineralisation, as seen in this case. 

There is evidence that increased parasitic 

burden is associated with high levels of pol-

lutants (polychlorinated biphenyls) which are 

associated with immunosuppression.3 In ad-

dition, some studies suggest that lungworms 

may act as a potential means of transfer of 

bacterial infections in harbour porpoise, with 

Salmonella enterica Group B, as cultured in 

the current case, identified as potentially 

spread in this way.4-6  The case presented here 

reinforces the theory that parasites should be 

considered as potential vectors of zoonotic 

bacterial infections in marine mammals. 

 

Contributing Institution:  

The University of Liverpool 

https://www.liverpool.ac.uk/veterinary-sci-

ence/ 

 

JPC Diagnosis: 

1. Lung: Bronchopneumonia, eosinophilic, 

multifocal, with intrabronchial metas-

trongyle nematodes. 

2. Lung: Pneumonia, interstitial, eosino-

philic, multifocal, chronic, severe, with 

intraparenchymal adult metastrongyle 

nematodes. 

3. Lung: Pneumonia, interstitial, eosino-

philic, multifocal severe, with intraparen-

chymal nematodes. 

 

JPC Comment:   

This case provides an excellent example of 

lungworm parasitism in a harbour porpoise, a 

marine species found in the North Atlantic 

Ocean that typically bears a heavy pulmonary 

parasite burden.3 Studies of the harbour por-

poise have found that parasites are most com-

mon in the respiratory system, and lung-

worms have been found in virtually all har-

bour porpoises older than 1 year, most often 

in the bronchial tree and the pulmonary blood 

vessels.9 As in this case, parasites within the 

pulmonary parenchyma typically incite an 

eosinophilic and granulomatous bron-

chointerstitial pneumonia. When found in the 

pulmonary blood vessels, nematodes can 

cause chronic thrombosis and vasculitis, of-

ten with calcification of thrombotic material.9 

 

In general, far less is known about the biol-

ogy of pulmonary parasites of marine mam-

mals compared to their terrestrial counter-

parts; however, two of the nematodes exam-

ined here belong to the metastrongyle family 

which, collectively, are far less mysterious. 

Metastrongyles, or “lungworms,” have coe-

lomyarian musculature, an external cuticle 

that is typically smooth, an intestine lined by 

few multinucleated cells, and accessory hy-

podermal cords. Mature females can produce 

either eggs or fully developed embryos; 
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species that produce eggs deposit them into 

host tissues where they embryonate.10 Other 

notable metastrongyles of veterinary im-

portance include Angiostrongylus cantonen-

sis (rat), Dictyocaulus viviparus (ruminants), 

Muellerius capillaris (small ruminants), 

Metastrongylus apri (pigs), Aelurostrongylus 

abstrusus (cats), and Filaroides hirthi (dogs). 

 

This case incited robust discussion among 

conference participants. Participants identi-

fied three different nematode species in sec-

tion: the large nematodes within the airways 

and two, much smaller nematode species 

within the parenchyma. Some participants re-

marked that many areas identified initially as 

granulomas could represent foci of severe 

vasculitis, possibly secondary to intravascu-

lar lungworms. Of the three nematodes iden-

tified in section, participants felt that the 

smallest of the three, which were approxi-

mately 60um in diameter, had features con-

sistent with filarid parasites, which could ac-

count for the possible vasculitis. Post-confer-

ence consultation with Dr. Christopher Gar-

diner confirmed that these nematodes are 

consistent with filarid nematodes, though we 

were unable to speciate them with the mini-

mal features present in section.  

 

The two largest nematodes in section are 

metastronglyes and contain very nice exam-

ples of the classic metastrongyle morpho-

logic features described above. The largest 

nematodes are over 1mm in diameter and are 

morphologically consistent with Pseudalius 

inflexus; however, the lack of gonads within 

the examined section did not allow for defin-

itive speciation. Interestingly, there are re-

ports of Pseudalius inflexus causing similar 

lesions in Burmeister’s porpoises; those cases 

were accompanied by vasculitis and throm-

bosed arteries with a morphologic appear-

ance similar to many of the presumptive oc-

clusive vascular changes in this section.1 

 

Finally, the mid-sized nematode population, 

with a diameter of approximately 225um, 

contain classic metastrongyle features and fe-

male gonads contain developing larvae (see 

Figure 3-8). Similar to the previously dis-

cussed nematodes, we were unable to speci-

ate these metastrongyles, though the species 

discussed by the contributor appear to be the 

most common causes of marine mammal pul-

monary nematodiasis.  

 

Conference participants debated combining 

the morphologic diagnoses or creating sepa-

rate diagnoses based on etiology. As the three 

different nematodes each had different path-

ologic effects, participants preferred separate 

morphologic diagnoses. And while partici-

pants felt strongly that a significant vasculitis 

was evident in the examined section, vascu-

litis was not included in the diagnosis due to 

the inability to confirm vasculitis with im-

munohistochemical stains on this entirely 

digital submission.  
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Figure 4-1.  Liver, bald eagle. The liver was mar-
kedly enlarged (weighing 149g) and discolored 
brown to green with numerous pinpoint, beige, 
poorly-defined foci. (Photo courtesy of: Vete-
rinary Diagnostic Laboratory, University of Min-
nesota, St Paul, MN. https://vdl.umn.edu/) 

 

 

 
Figure 4-2. Liver, bald eagle. One section of 
liver is submitted for examination.  At sub-
gross magnification, numerous areas of pal-
lor are scattered throughout the section.   
(HE, 6X) 

CASE IV:  

 

Signalment: 

Hatch-year, female bald eagle, avian 

(Haliaeetus leucocephalus)  

 

History: 

The animal was emaciated. It was euthanized 

at admission to the wildlife clinic with sus-

pected West Nile disease (neurologic signs 

and eye lesions consistent with chorioretini-

tis) and liver enlargement. 

Gross Pathology:  

The liver was markedly enlarged (weighing 

149g) and discolored brown to green with nu-

merous pinpoint, beige, poorly defined foci. 

Numerous fragile thin-walled parasites 

(flukes) less than 5.0 mm long were embed-

ded in the liver. 

 

Laboratory Results: 

A liver sample tested positive for Erschovi-

orchis sp. by PCR and sequencing. 

 

Microscopic Description:  

Approximately 75% of the liver section is in-

filtrated by myriad metazoan parasites that 

have a thin, smooth tegument, a variably dis-

cernible ventral sucker, and numerous  
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intraparenchymal, golden, operculated eggs 

that are approximately 25.0 x 12.0 µm (mor-

phologically consistent with adult trema-

todes). 

 

Hepatic cords are often dissociated, and si-

nusoids are frequently expanded by either 

brown to black fluke pigment, ova, fibrin, 

and/or numerous lymphocytes, heterophils, 

and macrophages, including multinucleated 

cells. Small numbers of lymphocytes, macro-

phages, and heterophils frequently surround 

trematodes and occasionally form small gran-

ulomas that are centered on areas of lytic ne-

crosis.  

 

Contributor’s Morphologic Diagnosis:  

Liver: Granulomatous hepatitis, multifocal to 

coalescing, moderate, chronic with numerous 

intraparenchymal adult trematodes. 

 

Contributor’s Comment: 

Hepatic trematodosis is a sporadically re-

ported disease in raptors, with a predomi-

nance for species in the Opisthorchiidae fam-

ily. Opisthorchis sp., Metorchis bilis, and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Amphimerus elongatus are all members of 

the Opisthorchiidae family and have been 

implicated in the previous cases of hepatic 

trematodosis of eagles. However, recently, a 

fluke of the genus Erschoviorchis has been 

reported to cause severe liver infections in 

bald eagles in the upper Midwest of the 

United States.3,5 Until recently, the only spe-

cies within this genus was E. lintoni, which 

infects the pancreas of the common loon (Ga-

via immer) in North America.1 E. anuiensis, 

the other species within this genus, was de-

scribed from experimental infections of Mus-

covy ducks using metacercaria recovered 

from fish from the Amur River basin in the 

Russian Far East.4 Whether the Erschovior-

chis sp. affecting the bald eagles was newly 

introduced to the United States or has long 

been established in North America and possi-

bly confused with Amphimerus elongatus re-

mains unknown.  

 

Erschoviorchis flukes are notoriously diffi-

cult to tease out from the affected tissue due 

to their fragile nature. As a result, the parasi-

tological features described in this case are  

Figure 4-3. Liver, bald eagle. Numerous flukes are embedded within the hepatic parenchyma. (HE, 
46X) 
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Figure 4-4. Liver, bald eagle. Cross sections of 

multiple trematodes demonstrate key char-

acteristic diagnostic features for trematodes 

(it is difficult to find a single trematode that 

has all of them in section).  Key characteristic 

features are a spongy body cavity, paired 

ceca (brown due to the presence of hematin), 

scattered vitellarian glands (on fluke at left), 

two cross sections of one or more suckers, 

and cross sections of a uterus with eggs. (HE, 

46) 

based on fluke fragments. Recovering com-

plete flukes would be necessary to assign a 

new species denomination. 

 

The life cycle of opisthorchiid flukes in-

cludes two intermediate hosts, typically a 

snail and a fish as the first and second host, 

respectively. Adult trematodes release eggs 

that are passed in the feces. The first in-

termediate host, a gastropod snail, ingests the 

eggs, which then release miracidia. These mi-

racidia undergo several stages of develop-

ment within the snail: sporocyst→re-

diae→cercariae. Cercariae are released from 

the snail and encyst in the skin or muscle of 

freshwater fish, the second intermediate host, 

to become metacercariae. The definitive host 

becomes infected by ingesting the raw, me-

tacercariae-laden fish. Metacercariae gene-

rally excyst within the upper gastrointestinal 

tract of the definitive host and ascend to the 

biliary ducts where they develop into adults.2 

The exact life cycle of this Erschoviorchis sp. 

is uncertain, but likely is similar to that of 

other opisthorchiid flukes. 

 

Although E. anuiensis appears to be highly 

pathogenic based on experimental infections, 

the clinical significance of massive hepatic 

trematodosis in this case remains uncertain 

since West Nile virus infection was consi-

dered to be the more important disease pro-

blem. Co-infections of bald eagles with Er-

schoviorchis sp. liver flukes with West Nile 

virus appear to be common.3 

 

Contributing Institution: 

Veterinary Diagnostic Laboratory 

University of Minnesota, St Paul, MN 

https://vdl.umn.edu/ 

 

JPC Diagnosis: 

Liver: “Extrematodiasis”.        

 

JPC Comment:  

The contributor provides an excellent sum-

mary of Erschioviorchis sp. parasitism and 

the discovery of a potentially new pathogen 

of bald eagles in the upper Midwest of the 

United States. 

 

In general, trematodes can be identified his-

tologically by the following key histologic 

features: an oral sucker, paired ceca, no body 

cavity, spongy parenchyma, vitelline (yolk-

forming) glands, hermaphroditism, and, with 

few exceptions, the presence of operculated 

eggs. Some common trematodes of veteri-

nary importance include Fasciola hepatica in  

 

 
Figure 4-5. Liver, bald eagle. Aggregates of 
free eggs are present in the hepatic paren-
chyma. (HE, 137X) 
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the bile ducts and gallbladder of ruminants, 

Fascioloides magna in the liver of certain 

wild ruminants, Paragonimus kellicotti in the 

lungs of dogs and cats, and Heterobilharzia 

americanum in dogs and some wildlife.  

 

Conference discussion focused largely on the 

stunning appearance of the examined section, 

with eggs and adult trematodes in seemingly 

every micrometer of the tissue. Participants 

struggled to characterize the severity of the 

parasitism in this section, with “massive” and 

“extreme” being popular modifiers. Partici-

pants settled on a morph of “Liver: Trema-

todiasis, multifocal, extreme, with moderate, 

multifocal necrosis and granulomatous in-

flammation.” Disappointment was palpable 

in the room, however, as many felt that this 

rather quotidian diagnosis failed to capture 

the full glory of this gorgeous histologic 

specimen. Our cheeky JPC diagnosis was 

suggested by an eagle-eyed resident with a 

love of puns, and, once suggested, “Extrema-

todiasis” quickly soared to the top. We shall 

return to normal professional standards next 

week (perhaps); in the meanwhile, the con-

tributor provides an excellent morphologic 

diagnosis, as do we, buried midway through 

the paragraph above.  
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WSC 2023-2024 

Conference 10 Self-Assessment 

1. Which of the following is NOT a common mycobacterial species seen in fish? 

a. M. cheloniae 

b. M. fortuitum 

c. M. piscihominis 

d. M. marinum 

 

2. “Abalone withering syndrome” is which type of infection? 

a. Fungal 

b. Bacterial  

c. Protozoal 

d. Viral 

 

3. True or false? Lungworm infections are a common cause of mortality of cetaceans. 

a. True  

b. False 

 

4. The first intermediate of opisthorchiid flukes is a? 

a. Copepod 

b. Fish 

c. Snail 

d. Beetle 

 

5. The first intermediate of opisthorchiid flukes is a? 

a. Copepod 

b. Fish 

c. Snail 

d. Beetle 
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CASE I:   

 

Signalment:  

20-month-old female spayed Domestic 

Shorthair cat, feline (Felis catus) 

 

History:  

Sudden death with no previously identified 

clinical signs. The submitting veterinarian 

suggested congestive heart failure, feline in-

fectious peritonitis, or toxin exposure as pos-

sible differentials.   

 

Gross Pathology: 

The subcutaneous and internal fat stores were 

mildly icteric. The liver was small and dif-

fusely orange to brown with multifocal, 

slightly raised yellow nodules on the hepatic 

surface and throughout the parenchyma on 

cut section. An impression smear of the liver 

showed frequent spindle cells suggestive of 

fibroblasts or oval cells, and cells with multi-

ple small, clear cytoplasmic vacuoles sugges-

tive of hepatic lipidosis. 

 

Laboratory Results:  

A sample of fresh liver was submitted for 

mass spectrometry. A copper level of 611.2 

ppm on a wet matter basis was found (nor-

mal <45ppm), which is equivalent to 2139.2 

ppm on a dry matter basis. 

 

Microscopic Description:  

Liver: There are large coalescing areas of de-

generation and necrosis of hepatocytes af-

fecting all zones (massive pattern)  

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Liver, cat. The liver was small and 
diffusely orange to brown with multifocal, 
slightly raised yellow nodules on the hepatic 
surface. (Photo courtesy of:  Western College 
of Veterinary Medicine, University of Sas-
katchewan, 52 Campus Dr, Saskatoon, SK, 
Canada, S7N 5B4, https://wcvm.usask.ca/de-
part-ments/vet-pathology.php)  
 

interspersed with randomly distributed, well-

delimited nodules of viable hepatocytes. Por-

tal areas and periacinar regions are close to 

each other (parenchymal collapse, loss of 

hepatocytes). Hepatocytes show marked dis-

tension of cytoplasm by small to large vacu-

oles (microvesicular to macrovesicular stea-

tosis, positive Oil-red-O staining), ill-defined 

borders, granular eosinophilic cytoplasm, a 

prominent nucleus characterized by pyk-

nosis, karyorrhexis or karyolysis. Endothelial 

cells are often plump (reactive) and there are 

reactive spindle cells (perisinusoidal cells), 

free pyknotic debris, and ill-defined ducts 

(oval cell hyperplasia). Large numbers of 

Kupffer cells with pale brown granules and  
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Figure 1-2. Liver, cat. Four sections of liver 
and one section of spleen are submitted. At 
subgross magnification, areas of pallor and 
few regenerative nodules are evident. (HE, 
5X) 

 

rare red blood cells are present and similar 

pigment is seen in few hepatocytes.  

 

The nodules consist of thick, disorganized 

hepatic plates, large hepatocytes with fine cy-

toplasmic vacuolation (fat, positive Oil-red-

O staining), and one to two prominent nuclei. 

Bile canaliculi are distended by bile plugs 

and Kupffer cells contain large amounts of 

pale brown pigment (nodular regeneration). 

Portal areas are infiltrated by small numbers 

of plasma cells and lymphocytes, small 

amounts of collagen, and there is bile duct 

and oval cell hyperplasia with extension and 

destruction of the limiting plate. There is 

multifocal bridging portal-to-portal fibrosis. 

Terminal hepatic venules are difficult to dis-

cern. Sublobular veins are often infiltrated by 

small numbers of plasma cells and fat-laden 

macrophages. There are few foci of extrame-

dullary hematopoiesis. 

  

Special stains: There are large numbers of 

copper granules with rhodanine stain in mac-

rophages and to a lesser degree in hepato-

cytes in areas of necrosis. There is a very 

small amount of copper in areas of regenera-

tion. This is accompanied by large number of 

positive granules on Schmorl's stain 

(lipofuscin) and there is a moderate amount 

of hemosiderin in macrophages on Perl's 

stain. There is mild collapse and mild to mod-

erate thickening of reticulin fibers in periac-

inar regions. These areas correspond to dep-

osition of collagen with Masson’s trichrome 

stain. There is a small amount of collagen in 

periportal parenchyma.  

 

Contributor’s Morphologic Diagnoses: 

Liver: Hepatic fatty degeneration and necro-

sis, acute to subacute, with bile duct hyper-

plasia, fibrosis, nodular regeneration. 

 

Contributor’s Comment: 

Primary copper toxicity has been well-de-

scribed in dogs and humans; however, it is 

poorly described in cats.3 The most well-

known primary copper toxicity of animals 

occurs in Bedlington terriers, which has an 

autosomal recessive inheritance pattern that 

may be linked to a deletion in the COMMD1 

genes.1 Similarly, Wilson’s disease in hu-

mans is an autosomal recessive disorder that 

affects the ATP7B gene, which affects secre-

tion of copper.1 Both genes are used in copper 

secretion into the blood and bile.2  Without 

proper copper secretion, copper accumulates 

in hepatocytes, leading to increased cellular 

oxidative stress that quickly uses up intracel-

lular glutathione.2 Ultimately, oxidative 

stress leads to hepatocyte necrosis.2 

 

 
Figure 1-3. Liver, cat. Regenerative nodules 
are evident in areas of hepatocellular degen-
eration and necrosis. (HE, 30X) 
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Previous reports in cats have been infrequent, 

but are often diagnosed based on being 

young, having histological findings con-

sistent with copper toxicity, and no history of 

excessive copper intake.1,4,5 Reported histo-

logical findings in these reports include re-

generative nodules, hepatic fibrosis, and 

hepatocytes containing brown granules that 

stain positively on rhodanine stain.1,5 These 

hepatocytes were most frequently found in 

the centrilobular areas.1,5 Similar rhodanine-

positive granules were identified in the kid-

ney and lung.4 These findings are similar to 

copper toxicity in dogs.1,5 In a study examin-

ing 104 feline liver biopsies, only 5 cases 

were identified with centrilobular copper.7 A 

similar study examining liver samples from 

100 cases of hepatic disease in cats found 11 

presumed cases of primary copper toxicity.5 

Both of these studies suggest that primary 

copper toxicity is very rare.5,7 

 

To date, the causative gene and potential in-

heritance pattern of primary copper toxicity 

in cats is unknown. One reported case of two 

sibling cats with primary copper toxicity  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

showed two single-nucleotide variations in 

the ATP7B gene, the same gene affected in 

humans.1 A subsequent study identified sin-

gle-nucleotide variations in ATP7B in three 

of four cats examined, suggesting this is the 

most likely cause of primary copper toxicity 

in cats.2  

 

Contributing Institution:  

Western College of Veterinary Medicine 

University of Saskatchewan 

Saskatoon, SK Canada S7N 5B4 

https://wcvm.usask.ca/departments/vet-pa-

thology.php  

 

JPC Diagnosis: 

1. Liver:  Hepatocellular degeneration and 

necrosis, massive, with marked hepato-

cellular lipidosis. 

2. Liver: Nodular hepatocellular regenera-

tion, multifocal, moderate with mild bili-

ary hyperplasia.  

 

JPC Comment:   

Copper is an essential heavy metal that is re-

quired for the proper function of a wide vari-

ety of enzymes, including the cytochrome  

Figure 1-4. Liver, cat. There are large areas of hepatocellular degeneration and necrosis with infil-
tration of small numbers of neutrophils. (HE, 340X) 
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Figure 1-5. Liver, cat. Remaining hepatocytes 
contain abundant lipid vacuoles and there is 
cholestasis. (HE, 340X) 

 

oxidases (mitochondrial respiration), lysyl 

oxidase (collagen synthesis), tyrosinase (mel-

anin synthesis), ceruloplasmin (iron synthe-

sis), and antioxidant defense (superoxide dis-

mutase).3 In excess, the multiple redox states 

of copper can lead to free radical production 

and oxidative damage to cellular compo-

nents, and animals have responded to this 

threat by developing regulatory mechanisms 

to ensure excess copper is rendered inert and 

excreted. 

 

Copper metabolism begins in the gut, where 

dietary copper is actively transported across 

the mucosal surface of small intestinal enter-

ocytes. This function is performed by a spe-

cific copper transporter, Ctr1, and by the non-

specific transporter, divalent metal trans-

porter (DMT1), which also transports several 

trace elements (e.g., iron and zinc) with 

which copper competes for transport. Once in 

the enterocyte, copper is incorporated into 

enzymes or, if in excess, bound to metallothi-

onein and stored in lysosomes to protect the 

cell from free copper.6 Once metallothionein 

is saturated, copper is excreted into the blood, 

where it is bound to the carrier proteins ceru-

loplasmin and transcuprein, or to albumin, 

and transported to the liver via the portal 

blood.6  

 

Copper enters the hepatocyte via the same 

Ctr1 transporter found in the enterocytes. 

Once in the hepatocyte cytoplasm, chaperone 

proteins send copper to mitochondria and to 

the Golgi body, where copper is transported 

into the Golgi by the transporter ATP7B. 

ATP7B directs the incorporation of copper 

into ceruloplasmin for return to the systemic 

circulation and distribution to other tissues.6 

If the ceruloplasmin/copper complex returns 

to the liver, it is taken up into hepatocytes and 

secreted into bile for excretion. If copper ac-

cumulates in excess of metabolic require-

ments within the hepatocytes, it is complexed 

with metallothionein or glutathione and 

stored within lysosomes as in enterocytes.6 

 

Perturbations in any of the above processes, 

such as a primary metabolic defects in he-

patic copper metabolism, altered hepatic bil-

iary excretion of copper, or excess dietary 

copper intake, can result in hepatic copper 

toxicosis.3 Species susceptibility to copper 

toxicosis varies widely, with sheep being 

most prone to copper poisoning due to a lack 

of sufficient capacity to excrete copper into 

the bile and to a very small copper metallothi-

onein binding capacity.3 When faced with a 

sudden dietary excess, biliary excretion can’t 

keep up with the influx of copper, leading to 

very high levels of copper deposition within 

the liver. When the binding capacity of metal-

lothionein is exceeded, a sudden, generally 

fatal intravascular hemolytic crises can oc-

cur.3,6 

 

The contributor provides an excellent survey 

of the few cases of feline copper toxicity re-

ported in the veterinary literature which, for 

all their rarity, present with familiar histo-

logic features: severe fibrosis, regenerative 

nodules, and excessive intracytoplasmic cop-

per as evidenced by rhodanine staining. Cop-

per toxicity does not, however, typically pre-

sent with abundant hepatic necrosis, and the 

significant necrosis in the examined section 

provoked robust discussion before, during, 

and after this week’s conference.  
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The moderator of today’s conference was Dr. 

Anna Travis, Chief of Education Operations 

at the Joint Pathology Center, who began dis-

cussion of this case with a review of copper 

metabolism, as summarized above, and a re-

view of the typical histologic changes associ-

ated with copper toxicity. Conference partic-

ipants noted the small amount of fibrosis ev-

ident on Masson trichrome stain, which was 

surprising given the significant number of re-

generative nodules.  

 

Conference participants also noted the abun-

dant, multifocal to coalescing hepatic necro-

sis, which for many was the predominate his-

tologic feature of this case. The abundant ne-

crosis also hampered qualitative evaluation 

of the rhodanine staining, which, in the re-

maining intact hepatocytes, appeared sparse 

in relation to the incredibly high copper lev-

els measured in this patient. While partici-

pants agreed that the amount of rhodanine 

staining was abnormal, many felt that the 

amount of staining was not consistent with 

the dry weight of copper value  obtained in 

the lab results. Finally, the participants felt 

that a second, acute insult resulted in wide-

spread necrosis which may have obscured a 

more traditional pattern of feline copper tox-

icity. 

 

This case was sent for post-conference con-

sult with Dr. John Cullen, Distinguished Pro-

fessor at the North Carolina State University 

College of Veterinary Medicine. Dr. Cullen 

agreed that the histologic picture in this case 

is not a perfect match for copper toxicity as a 

sole insult. Copper accumulation in reported 

feline cases is typically centrilobular and has 

a substantial inflammatory component, nei-

ther of which is apparent in this case.  

 

Though a tidy resolution for this case remains 

elusive based on a complex interplay of acute 

and chronic pathogeneses, conference partic-

ipants continue to believe that the primary  

 
Figure 1-6. Liver, cat. There are small to mod-
erate amounts of copper, but only in macro-
phages.  (Rhodanine, 200X) 

 

lesion in this case is an acute, necrotizing in-

sult, the cause of which is not apparent. The 

excessively high copper dry weight almost 

certainly contributed to the observed pathol-

ogy in this case; however, the substantial 

acute necrosis is confounding, and partici-

pants preferred to separate the morphologic 

diagnoses into acute and chronic effects to 

emphasize the presumed dual pathologic pro-

cesses in this fascinating case.  

 

Getting short shrift this week was the forlorn 

section of spleen, located literally and figura-

tively on the periphery and characterized by 

mild to moderate chronic diffuse congestion 

with hemosiderin-laden macrophages. 
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CASE II:  

 

Signalment:  

17-year-old, male, intact, Pacific pond turtle 

(Actinemys marmorata pallida) 

 

History:  

A wild-hatched turtle housed at the zoologi-

cal institution had a history of severe chronic 

pitting and ulcerated lesions on the shell for 

over a year. Recently, it had a rapid clinical  

 

 

 

 

 

 

 

 

 

 

 

 

 

decline with anorexia and obtunded menta-

tion. Given the poor prognosis, humane eu-

thanasia was elected. 

 

Laboratory Results: 

Panfungal (ITS3-ITS-4) PCR assay on frozen 

shell yielded a 203 base pair fragment with 

100% identity and 100% query cover age to 

MG780506, Emydomyces sp. isolate 13-

1796. 

 

Microscopic Description:  

Head, dorsal: Extending from a focal ulcer on 

the skin surface and through the dermis to ef-

face 60% of the dorsal calvarium, expand the 

meninges, and invade into the brain, as well 

as extending ventrally along the lateral aspect 

of the skull, are numerous coalescing epithe-

lial inclusion cysts containing fungal hyphae. 

The epithelial inclusion cysts are lined by ke-

ratinized squamous epithelium and contain 

lamellated keratin, necrotic debris, entrapped 

necrotic bony fragments, fungal hyphae, and 

mixed bacteria. The fungal hyphae are 1 to 4 

μm in diameter, regularly septated, and have 

acute to right-angle branching. The effaced 

bone has empty lacunae with loss of osteo-

cytes (osteonecrosis), with moth-eaten mar-

gins and osteoclasts in Howship’s lacunae 

(osteolysis).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1. Presentation, Pacific pond turtle: Multifocal coalescing ulcers and depressions are pre-
sent along the midline of the carapace, as well as on the plastron, where there is occasional bone 
exposure.  (Photo courtesy of:  Disease Investigations, Institute for Conservation Research, San Di-
ego Zoo Wildlife Alliance, http://institute.sandiegozoo.org/disease-investigations) 
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Figure 2-2. Dorsal aspect of the head, Pacific 
pond turtle. The skin has a focal brown crusty 
depression on the dorsal aspect (arrowhead). 
(Photo courtesy of:  Disease Investigations, 
Institute for Conservation Research, San Di-
ego Zoo Wildlife Alliance) 

 

The affected meninges are also expanded by 

increased fibrous tissue. In this area, the epi-

thelial inclusion cysts penetrate into the brain 

parenchyma and are associated with moder-

ate heterophilic and histiocytic inflammation, 

necrotic debris, and rarefaction of the neuro-

pil. In other sections, fungal invasion disrupts 

the ependymal lining of the ventricle. Varia-

ble numbers of heterophils, histiocytes, and 

lymphocytes are associated with the cysts 

and fungi throughout the section, but inflam-

mation is most prominent in the skeletal mus-

cle along the lateral aspect of the skull, where 

there are numerous, coalescing fungal heter-

ophilic granulomas. 

 

Contributor’s Morphologic Diagnosis: 

Multiple tissues, dorsal head: Severe, region-

ally extensive, chronic-active, necro-ulcera-

tive heterophilic and granulomatous dermati-

tis, myositis, osteomyelitis, and meningoen-

cephalitis with epithelial inclusion cysts, os-

teonecrosis and osteolysis, and intralesional 

fungal hyphae (consistent with Emydomyces 

sp., presumably E. testavorans).  

 

 

 

Contributor’s Comment:  

Emydomyces testavorans, a newly described 

fungus, is strongly associated with ‘ulcera-

tive shell disease’ or ‘pond turtle shell dis-

ease’ in free-ranging and captive aquatic tur-

tles in North America.2,4,5 The classical shell 

lesions associated with emydomycosis are ul-

cerations in the carapace and/or plastron with 

increased pliability. In some cases, the turtles 

have expansile nodular masses within the 

shell, displacing the coelomic membrane, 

distorting the shell contour, and compressing 

internal viscera.4 The present case has an un-

usual presentation, in which the fungal infec-

tion affected the tissues of the head, in addi-

tion to the shell, and invades deeply into the 

brain causing meningoencephalitis with ante-

mortem neurological signs. 

 

Histologic features associated with E. testa-

vorans infection include multilocular intra-

dermal and intraosseous epithelial inclusion 

cysts, which are lined by keratinized strati-

fied squamous epithelium and contain keratin 

debris and necrotic bone.2,4 The cysts are also 

associated with squamous metaplasia, hyper-

keratosis, osteonecrosis, and inflammation, 

all of which are consistent with the present 

case of the Pacific pond turtle in our collec-

tion.4 Although E. testavorans is strongly as- 

 
Figure 2-3. Head, Pacific pond turtle. A cross 
section of the head through the olfactory 
lobes of the brain is submitted for examina-
tion. There are numerous epithelial inclusion 
cysts within the dermis that extend down-
ward to replace the bone of the calvarium 
and compress the underlying cerebrum. (HE, 
5X) 

https://app.readcube.com/library/c9066a97-1d99-4ac5-8236-7e3ec63be13f/all?uuid=010104338460950935&item_ids=c9066a97-1d99-4ac5-8236-7e3ec63be13f:1b00ff00-0840-4591-a232-16f584048ad7
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sociated with ulcerative shell disease in 

freshwater aquatic chelonians, causation has 

not been proven through experimental infec-

tions.  

 

Very little is known about the pathogenesis 

and lesion progression of emydomycosis, and 

it is unclear if it is a primary pathogen or if a 

combination of factors is required to elicit 

disease. Reported histologic features do not 

appear to be consistently pathognomonic for 

E. testavorans infection. Instead, they could 

be non-specific and indicative of a chronic 

healing process with cysts representing wall-

ing off of the damaged tissue or dyskerato-

sis.4 Other differential diagnoses for ulcera-

tive shell lesions in aquatic turtles include 

septicemic cutaneous ulcerative disease 

(SCUD), which is caused by a combination 

of trauma, bacterial infection, and poor water 

quality. Epithelial inclusion cysts have also 

been reported in one case of mycobacteriosis, 

with no evidence of concurrent fungal infec-

tion.4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emydomyces testavorans is in the order Ony-

genales, along with other emerging patho-

genic reptile keratinophilic fungi, such as 

Ophidiomyces ophiodicola and Nannizziop-

sis guarroi.5 Presumably, like many fungi in 

this order, E. testavorans is also an environ-

mental saprophyte.5 Emydomyces testavor-

ans was first reported in free-living turtles in 

California in 2020, but has been isolated from 

turtles in Illinois and Washington in samples 

from as early as 2016, suggesting a poten-

tially broad geographic distribution.2,5 As Pa-

cific pond turtles are listed as a vulnerable 

species, there is some concern that this re-

cently described and likely underdiagnosed 

disease could pose a significant threat to al-

ready at-risk populations.1 

 

 

 

 

 

 

 

Figure 2-4. Head, Pacific pond turtle. Epithelial inclusion cysts measure 2mm in diameter, often co-
alesce, and are lined by 4-5 layers of basally pigmented epithelium which undergoes gradual kerat-
inization. The cyst lumina contain abundant lamellated keratin, fragments of necrotic bone, and 
brightly eosinophilic cellular debris.  (HE, 69X) 
 

https://app.readcube.com/library/c9066a97-1d99-4ac5-8236-7e3ec63be13f/all?uuid=8320524657390522&item_ids=c9066a97-1d99-4ac5-8236-7e3ec63be13f:1b00ff00-0840-4591-a232-16f584048ad7
https://app.readcube.com/library/c9066a97-1d99-4ac5-8236-7e3ec63be13f/all?uuid=6108608952794556&item_ids=c9066a97-1d99-4ac5-8236-7e3ec63be13f:7cd8083c-0278-4d87-9c0b-cd4adbd5ac93
https://app.readcube.com/library/c9066a97-1d99-4ac5-8236-7e3ec63be13f/all?uuid=29664334547677873&item_ids=c9066a97-1d99-4ac5-8236-7e3ec63be13f:7cd8083c-0278-4d87-9c0b-cd4adbd5ac93
https://app.readcube.com/library/c9066a97-1d99-4ac5-8236-7e3ec63be13f/all?uuid=6842768313382932&item_ids=c9066a97-1d99-4ac5-8236-7e3ec63be13f:a315345a-ee5d-47fa-a88d-61180e66b44c
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Figure 2-5. Head, Pacific pond turtle. A GMS 
stain on the inclusion cysts demonstrates nu-
merous 2-4µm diameter, parallel-walled, di-
chotomously branching, septate fungal hy-
phae.  (GMS, 200X) 

 

Contributing Institution:  

Disease Investigations 

Institute for Conservation Research 

San Diego Zoo Wildlife Alliance 

PO Box 120551 

San Diego, CA 92112 

http://institute.sandiegozoo.org/disease-in-

vestigations 

 

JPC Diagnosis: 

Head: Epithelial inclusion cysts with oste-

onecrosis, granulomatous dermatitis, celluli-

tis, myositis, and meningitis, and fungal hy-

phae. 

 

JPC Comment:  

As the contributor notes, the key histologic 

features of emydomycosis are ulcerative der-

matitis, necrotizing osteomyelitis, and inclu-

sion cysts lined by keratinized stratified squa-

mous epithelium containing keratin debris. 

Fungal hyphae that are thin-walled, regularly 

septate, and occasionally branched can be 

demonstrated with GMS or PAS staining, 

making for a relatively straightforward histo-

logic diagnosis.5 Grossly, however, the le-

sions of emydomycosis may be difficult to 

identify as they can be highly localized le-

sions and may lurk under the shell surface af-

ter the initial shell defect has healed over.2 

The contributor describes typical gross 

lesions in the excellent summary above, but 

gross lesions may also be rather subtle, and 

consist only of carapace flaking or bleach-

ing.2 In a recent study of affected pond turtles 

in Washington state, emydomycosis was di-

agnosed based on external exam in 25-50% 

of wild caught animals, but in greater than 

80% of animals based on CT scans, which re-

vealed the inclusion cysts and osteolytic le-

sions that characterize the disease.2 

 

Emydomycosis presents similarly to its main 

differential diagnosis, septicemic cutaneous 

ulcerative disease (SCUD), which can cause 

ulcerated lesions on the plastron and cara-

pace, petechial hemorrhage, emaciation, leth-

argy, and death.3 SCUD is currently consid-

ered a multifactorial disease caused by poor 

water conditions and environmental stressors 

which predispose the animal to bacterial in-

fection. SCUD was originally associated with 

Citrobacter freundii infection, but it is now 

understood that a variety of gram-negative 

organisms can cause the syndrome. 

 

Conference discussion focused on reptilian 

dermatomycoses generally and on specific 

dermatologic disease of chelonids. In addi-

tion to SCUD and mycotic shell disease  

 

 
Figure 2-6. Head, Pacific pond turtle. Mor-
phology of the fungal hyphae are better ob-
served with a PAS stain (with malachite 
green). 
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Figure 2-7. Head, Pacific pond turtle. In some 
areas, such as infiltrated skeletal muscle, 
there are fungal granulomas without inclu-
sion cyst formation. (HE, 200X) 

 

caused by E. testavorans, participants also 

discussed fibropapillomatosis in sea turtles, 

caused by chelonid herpesvirus-5, which are 

characteristic tumors of the skin around the 

eyes, mouth, limbs, shell, and cornea. These 

tumors can vary in appearance from flat, 

plaque-like lesions to exophytic or verrucous 

masses. They may also form on internal or-

gans and grow large enough to impair buoy-

ancy, leading to death. 

 

Discussion of the morphologic diagnosis cen-

tered on whether the rather exuberant epithe-

lial inclusion cysts were invading or merely 

compressing the brain. Participants felt the 

brain was only being compressed and thus 

preferred a diagnosis of meningitis rather 

than meningoencephalitis. 

 

References: 

1. Adamovicz L, Allender MC, Gibbons 

PM. Emerging infectious diseases of che-

lonians: an update. Vet Clin North Am 

Exot Anim Pract. 2020;23(2):263-283. 

2. Lambert MR, Hernandez-Gomez O, 

Krohn AR, et al. Turtle shell disease fun-

gus (Emydomyces testavorans): first doc-

umented occurrence in California and 

prevaelence in free-living turtles. Ichthy-

ology & Herpetology. 2021;109 (4):958-

962. 

3. Mitchell MA, Tully TN. Current therapy 

in exotic pet practice. Elsevier;2016. 

4. Woodburn DB, Kinsel MJ, Poll CP, et al. 

Shell lesions associated with Emydomy-

ces testavorans infections in freshwater 

aquatic turtles. Vet Pathol. 

2021;58(3):578-586. 

5. Woodburn DB, Miller AN, Allender MC, 

Maddox CW, Terio KA. Emydomyces 

testavorans, a new genus and species of 

Onygenalean fungus isolated from shell 

lesions of freshwater aquatic turtles. J 

Clin Microbiol. 2019;57(2). 

 

CASE III:   

 

Signalment:  

Fetus aborted at approximately 120 days of 

gestation, ovine, (Ovis aries)  

 

History: 

In July 2015, two of approximately 200 pas-

tured sheep in a family farm in Colonia, Uru-

guay, aborted three fetuses at approximately 

4 months of gestation. 

 

Gross Pathology:  

The fetus was a female, with a crown-to-

rump length of 32 cm (estimated gestational 

age: 120 days) with a complete wool/hair 

coat, in a moderate state of post-mortem de-

composition (moderate autolysis). The fetus 

was fully formed, with a complete wool/hair 

coat and no external abnormalities. The liver 

was moderately enlarged, with rounded 

edges, and there were numerous, discrete, 

white to yellowish, pinpoint to ≤2 mm foci 

throughout the hepatic parenchyma with a 

multifocal widespread (disseminated) distri-

bution (necrotizing hepatitis). There were fi-

brin strands in the abdominal and pericardial 

cavities (moderate fibrinous peritonitis and 

pericarditis). No other gross lesions were 

noted. The lungs were unventilated/unex-

panded, and there were no colostrum/milk 

curds in the lumen of the abomasum.   
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Figure 3-1. Liver, ovine abortus. The liver con-
tains numerous miliary foci of necrosis. 
(Photo courtesy of: The University of Liver-
pool (Reprinted from:  Giannitti F, Dorsch 
MA, Schild CO, Caffarena RD, Sverlow K, 
Armién AG, Riet-Correa F. Pathologic and im-
munohistochemical evidence of possible 
Francisellaceae among aborted ovine fe-
tuses, Uruguay. Emerg Infect Dis. 2023 
Jan;29(1):141-144.) 

 

Laboratory Results: 

IHC using a monoclonal primary antibody 

against Francisella tularensis lipopolysac-

charide (LPS) revealed abundant and strong 

immunoreactivity colocalizing extracellu-

larly with the hepatic lesions and intracellu-

larly in infiltrating inflammatory cells. 

 

Microscopic Description:  

Liver: Randomly throughout the paren-

chyma, there are multiple foci of necrosis and 

inflammation. These foci are characterized 

by disruption and effacement of the hepatic 

cord architecture and replacement by necrotic 

cell debris; the hepatocytes have angular cell 

borders, hypereosinophilic cytoplasm, and 

either nuclear pyknosis or karyorrhexis (ne-

crosis). Within these foci, there is an accumu-

lation of eosinophilic fibrillar material (fi-

brin), and inflammatory cell infiltrates, 

mostly neutrophils and macrophages. There 

is an increased number of neutrophils in the 

sinusoids (circulating neutrophilia). 

 

Contributor’s Morphologic Diagnosis:  

Liver: Hepatitis, necrotizing and fibrinosup-

purative, multifocal widespread, random, se-

vere. 

 

 

Contributor’s Comment:  

The hepatic lesions in this fetus were sugges-

tive of an infectious etiology. In addition, the 

microscopic examination of other fetal tis-

sues revealed multifocal neutrophilic myo-

carditis, multifocal neutrophilic bronchiolitis 

and alveolitis, and fibrinous splenic capsulitis 

(peritonitis). Altogether, these lesions were 

suggestive of a bacterial cause.  

 

Ancillary testing to assess for possible abor-

tifacients of sheep, in this case, included im-

munohistochemistry (IHC) for Chlamydia 

spp., Listeria monocytogenes, Coxiella bur-

netii, Salmonella enterica, and Toxoplasma 

gondii, all of which yielded negative results. 

Additionally, no curved bacilli (i.e., Campyl-

obacter), spirochetes (i.e., Leptospira, Flex-

ispira) or fungi were identified in sections of 

liver stained with Steiner silver stain and 

Gomori´s methenamine silver stain, and no 

intralesional bacteria were visualized with 

tissue Gram stain. However, IHC using a 

monoclonal primary antibody against Fran-

cisella tularensis lipopolysaccharide (LPS) 

revealed abundant and strong immunoreac-

tivity colocalizing extracellularly with the he-

patic lesions and intracellularly in infiltrating 

inflammatory cells. Finally, transmission 

electron microscopy on formalin-fixed paraf-

fin-embedded liver revealed intraphagocytic 

(intrahistiocytic) and extracellular ~0.7–1.7 

μm coccobacilli (expected size for Fran-

cisella spp.) in the foci of necrotizing hepati-

tis. Details of the diagnostic investigation 

conducted in this case were recently pub-

lished.5 

 

The Francisellaceae family comprises gram-

negative coccobacilli and four genera are cur-

rently recognized: Francisella, Allofran-

cisella, Pseudofrancisella, and Cysteiniphi-

lum, of which only Francisella is currently 

considered of clinical relevance. Francisella 

tularensis is the most studied species because 

it causes tularemia, a highly transmissible,  
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Figure 3-2. Liver, ovine abortus. One section 
of liver is submitted for examination. (HE, 5X) 

 

potentially life-threatening, zoonotic disease, 

also considered a potential bioterrorism 

agent.8 Tularemia occurs over almost the en-

tire Northern Hemisphere but is rarely re-

ported in the Southern Hemisphere, where 

the only published cases have occurred in 

Australia.4 

 

Although F. tularensis has a broad host 

range, sheep have been considered the only 

livestock species affected by epizootics of tu-

laremia and have been implicated in disease 

transmission to sheep industry workers.7,10 

The abortifacient effects of F. tularensis in 

sheep have been described in the United 

States, and tularemia has been regarded as an 

overlooked syndrome in sheep.10  

 

From a pathologic viewpoint, necrotic foci in 

the liver, spleen, or lungs in late term aborted 

ovine fetuses are characteristic of tularemia 

and should raise suspicion, although gross le-

sions can be absent even in cases with typical 

histologic inflammatory and necrotizing le-

sions.10 Contrary to most bacterial abortifa-

cients of sheep, F. tularensis is not visible 

upon histopathologic examination of tissues 

stained with hematoxylin and eosin, Steiner 

silver stain or Gram stain, even in tissues that 

have a high bacterial burden demonstrated by 

IHC.3,10 The diagnostic investigation of any 

case of ovine abortion with fetal lesions indi-

cating a bacterial etiology should include an-

cillary testing to identify F. tularensis and 

rule out other abortigenic pathogens.3  

 

The etiologic diagnosis in our case was 

reached by the immunohistochemical 

demonstration of abundant intralesional anti-

gen by a specific monoclonal antibody raised 

against F. tularensis LPS. IHC has proven 

useful for identifying F. tularensis in diag-

nostic settings.6,10 F. tularensis LPS is a main 

specific antigen and virulence factor and dif-

fers from the LPS of other gram-negative 

bacteria.9 According to the manufacturer, the 

primary antibody used in this case for the 

IHC does not cross-react with Francisella 

novicida, Yersinia pestis, Y. pseudotubercu-

losis, Y. enterocolitica, Vibrio chol-

erae, Escherichia coli, Salmonella enter-

ica serovar Typhimurium, Brucella abortus, 

B. suis, B. ovis, B. melitensis, or B. neo-

tomae. We tested the IHC in cases of ovine 

abortion caused by Campylobacter je-

juni and C. fetus but observed no cross-reac-

tivity with these pathogens. Although cross-

reaction with other members of Francisel-

laceae cannot be completely ruled out, F. tu-

larensis is currently the only species of this 

family recognized as an ovine abortifacient. 

Definite species and sub-species identifica-

tion requires bacterial isolation and DNA 

analysis, which we were unable to perform in 

this case. The ultrastructural demonstration 

of intracellular gram-negative coccobacilli of 

the expected size in phagocytic and inflam-

matory cells in tissues with lesions, as in our 

case, aids in the diagnosis, but is by no means 

confirmatory.  

 

The lack of historical reports of tularemia 

outside endemic areas of North America and 

Eurasia has been puzzling.4 Recently, tulare-

mia emerged in Australia and reemerged in 

the Northern Hemisphere.8,15 South America 

has been considered free of tularemia, which 

seems to be based solely on the lack of di-

sease reporting.15 However, tularemia might 

have been undiagnosed because of limita-

tions in disease surveillance systems in the 

region. No clinical disease caused  
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by Francisella spp. in mammals in the Ame-

ricas south of Mexico has been described. 

This case raised concerns about the possible 

occurrence of tularemia in South America.5 

 

The source of infection in this sheep remains 

unknown; however, F.tularensis has a broad 

range of animal reservoirs, including arthro-

pods, rodents, lagomorphs, and marsupi-

als.4,12 Brown hares (Lepus europaeus), a 

species that plays a primary role in the ecol-

ogy of tularemia in Europe, have been intro-

duced to Uruguay and are frequently seen 

around the affected farm.6 In addition,  F. tu-

larensis  can be transmitted by ticks, includ-

ing  Amblyomma spp.,  Haemophysalis spp., 

and  Ixodes  spp. ticks, which are endemic in 

Uruguay. Of note, a gamma-proteobacterium 

related to Francisella-like organisms, but 

different from F. tularensis, was identified in 

Uruguay in Amblyomma triste ticks, the most 

prevalent tick species reported in human tick 

bites in the country.14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributing Institution:  

Plataforma de Investigación 

en Salud Animal,  

Instituto Nacional de Investigación  

Agropecuaria (INIA),  

La Estanzuela, Uruguay 

http://www.inia.uy 

 

JPC Diagnosis: 

1. Liver: Hepatitis, necrotizing, multifo-

cal and random, moderate. 

2. Liver: Extramedullary hematopoiesis, 

diffuse, moderate. 

 

JPC Comment:   

Francisella tularensis is poorly staining 

gram-negative coccobacillus that is non-mo-

tile, aerobic, and is a facultative intracellular 

pathogen. There are three subspecies that 

vary in their geographic distribution and vir-

ulence. F. tularensis subsp. tularensis ac-

counts for the majority of clinical infections 

in domestic animals, is highly pathogenic, 

and is found in North America and Europe.11 

Figure 3-3. Liver, ovine abortus. Hepatocellular plates are disassociated. There are randomly scatte-
red areas of lytic necrosis within the parenchyma which exhibit hepatocellular loss and stromal col-
lapse, with few infiltrating neutrophils. Surrounding hepatocytes contain cytoplasmic lipid vacuoles. 
(HE, 314X) 
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Two less virulent strains, F. tularensis subsp. 

holartica and F. tularensis subsp. mediasiat-

ica occur in Europe/North America and Asia, 

respectively. Interestingly, subsp. holartica is 

frequently linked to aquatic mammals such as 

beavers and muskrats, and its reservoir is 

considered to be a protozoal organism rather 

than a mammal.11 

 

In vivo, the organism enters host macro-

phages, where it arrests the maturation and 

acidification of the phagolysosome.11 The or-

ganism then escapes the phagosome and rep-

licates freely in the cytoplasm, where it can 

trigger either caspase 3-mediated apoptosis 

or an inflammatory form of host cell death 

called pyroptosis, resulting in release of bac-

teria that can initiate another round of host 

cell infection.2,11 The ability of F. tularensis 

to survive the phagosome is dependent on the 

gene products of a 30kb stretch of bacterial 

DNA, known as the Francisella Pathogenic-

ity Island (FPI), that encodes 18 genes, 14 of 

which are required for growth within and es-

cape from macrophages.2 Among the viru-

lence factors encoded on the FPI is a recently 

discovered Type VI secretion system which 

is required for macrophage escape and intra-

cytoplasmic replication.1 F. tularensis organ-

isms that are deficient in key pieces of this 

secretion nanomachine are rendered essen-

tially avirulent in mouse models.1 

 

If all is working well, however, F. tularensis 

can cause fulminating, fatal disease in wild-

life species, domestic animals, and humans. 

In most species, the disease is characterized 

by fever, depression, inappetence, and mani-

festations of septicemia. Outbreaks have 

been reported in sheep, horses, and young 

pigs, while adult pigs, cattle, and dogs appear 

to be relatively resistant to infection.11  

 

Cats are the domestic animal most associated 

with disease, with clinical forms (typhoidal, 

respiratory, ulceroglandular, and  

 
Figure 3-4. Liver, ovine abortus. An infiltrat-
ing phagocyte (center), presumably a macro-
phage, contains intracytoplasmic debris, in-
cluding debris of a gram-negative bacterium 
within a phagolysosome (arrow) and is sur-
rounded by extravasated fibrin (F). N: phago-
cyte nucleus, bar = 2 μm. Inset: A preserved 
gram-negative bacterium of the expected 
size for Francisella spp. is seen in an adjacent 
extracellular location, bar = 0.7 μm. Photos 
courtesy of Dr. Aníbal G. Armién (California 
Animal Health and Food Safety Laboratory, 
University of California, Davis, CA, USA). 

 

oropharyngeal) mirroring those described in 

humans.11 Grossly, tularemia in cats is char-

acterized by sizeable (2mm diameter or 

more), miliary white foci in the liver, spleen, 

and lymph nodes.13 Histologically, lesions 

are identical to those presented here, with fo-

cal areas of severe necrosis with bacteria that 

are difficult to visualize on H&E section.13 

 

Conference discussion focused largely on the 

typical presentations and pathogenesis of tu-

laremia in various species. From a diagnostic 

standpoint, it is important to remember that, 

unlike most infectious differentials for he-

patic necrosis, F. tularensis is, rather unhelp-

fully, not visible on H&E, Steiner, or Gram 

stains, even in tissues with high bacterial bur-

dens demonstrated with 
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immunohistochemical staining. Dr. Travis 

also discussed documented human cases of 

tularemia contracted from “face snuggling” 

domestic dogs (“if we die, we die”) and from 

aerosolized infective material liberated from 

wildlife carcasses during yard work. 

 

Despite the absence of demonstrable organ-

isms, this case provides an excellent example 

of the hepatic manifestation of gram-negative 

sepsis. Participants noted multifocal areas of 

extramedullary hematopoiesis within sinus-

oids, which was felt substantial enough to in-

clude in the morphologic diagnoses. 
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CASE IV:  

 

Signalment: 

Adult female Zebrafish (Danio rerio) 

History: 

The animal presented with an ulceration on 

the right caudal abdomen, but appeared oth-

erwise bright, alert, and responsive and was 

in good body condition. 
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Figure 4-1. Presentation, zebrafish. There are 
ulcers on the right abdominal wall and gill 
plate. (Photo courtesy of: Laboratory of Com-
parative Pathology, Memorial Sloan Ketter-
ing Cancer Center, The Rockefeller Univer-
sity, Weill Cornell Medicine, 
http://www.mskcc.org /research/compara-
tive-medicine-pathology-0) 

 

Gross Pathology:  

The skin of the right caudal abdomen con-

tains a single approximately 1.5-2 mm diam-

eter circular pale tan ulceration. Fin clip and 

gill clip wet mounts are unremarkable. 

 

Laboratory Results: 

Aerobic culture of ulcerated region: Mixed 

bacterial flora including Plesiomonas shigel-

loides and Pseudomonas putida. 

Aerobic and anaerobic culture of kidney: 

Negative 

Microscopic Description:  

Markedly expanding the coelomic cavity and 

separating and surrounding viable and degen-

erate developing eggs within the ovary is a 

large inflammatory population composed of 

numerous epithelioid macrophages, granulo-

cytes, and rare multinucleated giant cells. 

This inflammatory population is admixed 

with small amounts of necrotic cellular de-

bris, moderate hemorrhage, and fibrin. This 

inflammatory process extrudes through the 

extensively ulcerated overlying body wall 

with loss of all layers including the skin, mus-

cle, and coelomic cavity lining. Few small 

basophilic rod-shaped bacterial colonies are 

present near the surface of the ulceration 

within the degenerate egg material. The 

myocytes adjacent to this body wall ulcera-

tion are multifocally degenerate, with swol-

len vacuolated sarcoplasm, or necrotic with 

shrunken, hypereosinophilic, fragmented sar-

coplasm. Several macrophages infiltrate be-

tween and surround damaged myocytes. 

 

Contributor’s Morphologic Diagnosis:  

Ovary and coelom: Severe, multifocal to co-

alescing, chronic granulomatous and granu-

locytic oophoritis and coelomitis with hem-

orrhage, degenerating eggs, myocyte loss, 

degeneration, and necrosis, and severe full 

thickness body wall, dermal, and epidermal 

ulceration with multifocal intralesional rod-

shaped bacterial colonies. 

 

Contributor’s Comment: 

Chronic ovarian and coelomic inflammation 

in zebrafish associated with degenerating 

eggs is a common condition observed in la-

boratory facilities and is referred to as Egg 

Associated Inflammation (EAI). The cause of 

this condition is uncertain with some individ-

uals describing this as a syndrome of egg re-

tention.6 A potential link to Mycobacterial in-

fection has been suggested though no causa-

tive agents have been identified currently and  

 

 
Figure 4-2. Whole body, zebrafish. Two longi-
tudinal and two cross sections are presented 
for examination. At subgross magnification, 
there is a hole in the body wall on one trans-
verse section and internal pathology is evi-
dent.  (HE, 6X) 
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it is uncertain that Mycobacterium is a pri-

mary pathogen in this disease.2 Acid fast 

staining of our case was undertaken to rule 

out Mycobacterial infection and was nega-

tive. 

 

Gross examination of these fish reveals a 

large abdomen that when opened may con-

tain a mass of tissue, possibly adhered to the 

overlying coelomic cavity lining and body 

wall. Occasionally, as in our case, a full 

thickness ulceration may be visible exter-

nally, covered or surrounded by a rim of pale 

tan to white tissue. This ulceration is second-

ary to the extrusion of tissue through the body 

wall from the point of underlying coelomic 

adhesion. 

Microscopically, the observed inflammation 

is often granulomatous with varying numbers 

of granulocytes and is always associated with 

various stages of degenerating eggs within 

the coelom. The inflammatory population 

may be surrounded and infiltrated by abun-

dant fibroplasia and rarely this may promote  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the formation of fibromas and fibrosarco-

mas.6 

 

The rod-shaped bacterial colonies noted on 

H&E-stained sections highlight as gram neg-

ative with gram staining. Aerobic culture of 

the ulcerated region grew Plesiomonas shi-

gelloides and Pseudomonas putida, both 

gram negative rod-shaped bacteria. Plesio-

monas shigelloides is found commonly 

within the environment and gut of laboratory 

and wild zebrafish but has been identified in 

few cases to be pathogenic to zebrafish.5 

Pseudomonas putida is another bacterium 

widely distributed in soil, water, and on the 

skin of animals.3 The skin ulceration second-

ary to EAI likely lead to an optimal situation 

for these environmental organisms to grow 

within the damaged tissue. 

 

 

 

 

 

 

Figure 4-3. Cross section, zebrafish. This one cross section has all the goodies. There is full-thickness 
necrosis of the body wall which extends into the coelom. There is marked histiocytic inflammation 
within the ovary centered on degenerating ova and a large mass of brightly eosinophilic protein. 
(HE, 16X)    
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Figure 4-4. Abdominal wall, zebrafish. Higher 
magnification of the full thickness necrosis of 
the body wall. (HE, 37X) 

 

Contributing Institution: 

Laboratory of Comparative Pathology 

Memorial Sloan Kettering Cancer Center 

The Rockefeller University 

Weill Cornell Medicine 

http://www.mskcc.org/research/compara-

tive-medicine-pathology 

 

JPC Diagnosis: 

Body wall, ovary, coelom: Granulomatous 

inflammation with ovarian follicular degen-

eration, extracellular bacteria, and body wall 

perforation. 

 

JPC Comment:  

As the contributor notes, egg associated in-

flammation (EAI), also referred to as Egg As-

sociated Inflammation and Fibroplasia 

(EAIF) is thought to be associated with egg 

retention in fish that have not had proper op-

portunity to spawn.1 While mild forms of the 

condition may be clinically inapparent, in 

many cases female zebrafish present with an 

enlarged, ulcerated abdomens and superim-

posed bacterial infections within the fertile, 

yolky soil of the affected ovary.6 

 

The histologic features of this case are typical 

of the condition. The eosinophilic coaglum 

represents yolk from atretic follicles and the 

periphery of this material is often character-

ized by finely granular basophilic material 

consisting of lysed inflammatory cells, ne-

crotic cellular debris, and visible bacterial 

colonies.1 This material is usually rimmed by 

an intense granulomatous reaction with epi-

thelioid macrophages and multinucleated gi-

ant cells.1  

 

EAI is currently considered a non-infectious 

condition, though that assertion is typically 

heavy with caveats. As the contributor notes, 

some cases have been associated with myco-

bacteriosis; however, infectious agents are 

not usually found in cases of EAI in the ab-

sence of body wall defects, and the granu-

lomatous and inflammatory changes seen in 

zebrafish with mycobacteriosis are typically 

found in organs other than ovaries, whereas 

EAI arises, as the name implies, from the 

ovaries.4  

 

In addition to the detrimental effects of EAI 

on the individual animal, the condition 

raises confounding concerns due to the use 

of zebrafish in experimental interrogations 

of developmental genetics. Zebrafish are 

used extensively to investigate the effects of 

exogenous chemicals, particularly endocrine 

disrupting compounds, on the vertebrate re-

productive system.1 Follicular atresia is a 

common non-specific effect of several clas-

ses of these compounds and research results 

may be confounded by the chronic oophori-

tis that is characteristic of EAI.1 In females 

with subclinical EAI, egg production may be  

 

 
Figure 4-5. Ovary, zebrafish. Profound histio-
cytic inflammation within the ovary is cen-
tered on extruded protein from degenerate 
eggs. (HE, 50X) 
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reduced, leading to skewed research results 

in studies that use fecundity endpoints.1 

 

The appearance of these apparently spontane-

ous degenerative and inflammatory changes 

in the ovaries of zebrafish highlight the im-

portance of recognizing baseline variations in 

the histologic morphology of target organs in 

research animals.4 

 

The specifics of this condition are largely un-

known, leaving scant fodder for conference 

discussion. Dr. Travis discussed several fac-

tors that have been associated with EAI, in-

cluding small body size, obesity, overcrowd-

ing, water quality issues, sex ratio imbal-

ances, stress, and lack of proper environmen-

tal cues (e.g., photoperiod, temperature) in 

cultured fish. Conference participants also 

considered sequelae of the profound ab-

dominal distention characteristic of the dis-

ease, including organ compression and mal-

function, prolapse of the ovary through the 

genital pore, and dystocia.  
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WSC 2023-2024 

Conference 11 Self-Assessment 

1. Which of the following genes has been incriminated in cats with copper toxicosis? 

a. ABCDA1 

b. COMMD1 

c. ATP7B 

d. 1ADAM12 

2. The typical histologic lesion associated with Emydomyces testivorans is a? 

a. Granuloma 

b. Epithelial inclusion cyst  

c. Abscess 

d. Draining tracts from adjacent bone  

3. Emydomyces testavorans is a? 

a. Gram-positive bacillus 

b. Gram-negative bacillus 

c. Protozoan 

d. Fungus 

4. Tularemia is most likely transmitted by? 

a. Ticks 

b. Mosquitoes  

c. Biting flies  

d. Fleas 

5. A syndrome associated with chronic ovarian and coelomic inflammation in zebrafish 

associated with degenerating eggs is known as…? 

a. “Tank layers” 

b. “Egg-associated inflammation” 

c. “Ovopositional derangement syndrome” 

d. “Roe Roe Roe Your butt” 
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CASE I:   

 

Signalment:  

12-year-old male neutered domestic shorthair 

cat (Felis catus) 

History:  

The cat was rescued from a hoarding situa-

tion in the year prior to euthanasia. The cat 

was evaluated for weight loss, hyporexia, ic-

terus, diarrhea, polyuria, polydipsia, hyper-

tension, neurologic signs (circling, head tilt, 

nystagmus, dullness), eyelid and ear canal 

masses, retinal detachment, anterior uveitis, 

and blindness. Lymphoma was suspected and 

the cat was euthanized. 

Gross Pathology:  

At necropsy the cat was icteric and the liver, 

spleen, intestinal walls, and mesenteric 

lymph nodes were enlarged. The capsular 

surface of the kidneys was pitted (chronic 

interstitial nephritis). As noted clinically, 

there were 4-8 mm raised cutaneous, varia-

bly ulcerated or alopecic nodules primarily 

concentrated around the face, paws and pin-

nae. There was bilateral axial corneal opac-

ity and roughening (ulceration and edema). 

In the left eye, the anterior chamber con-

tained flocculent white to yellow material 

(fibrin) and the iris was diffusely expanded 

by tan material. In both eyes, the retina and 

choroid were variably expanded by tan ma-

terial.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Eye, cat. There was bilateral axial 
corneal opacity and roughening (ulceration and 
edema). (Photo courtesy of:  University of Ten-
nessee, College of Veterinary Medicine, Depart-
ment of Biomedical and Diagnostic Sciences, 
http://www.vet.utk.edu/departments/path/ 
index.php) 

 

Microscopic Description:  

The left eye was more severely affected, but 

the following lesions are apparent in both 

eyes. The iris, ciliary body, trabecular mesh-

work, choroid and retina are variably ex-

panded by sheets of large foamy macro-

phages that contain myriad, round to oval, 2-

4 µm, basophilic yeast surrounded by a clear 

halo. There are associated lymphocytes and 

plasma cells. The retina is detached and there 

is loss of photoreceptor outer segments. 

There is thinning and mixing of all retinal 

layers (atrophy). Retinal blood vessels are of-

ten cuffed by lymphocytes (retinitis). In some 

sections, the subretinal space contains abun-

dant fibrin with fewer lymphocytes and 

yeast-laden macrophages. The lens or lens 

capsule is present in some sections and exhib-

its mild peripheral lens fiber swelling and  
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Figure 1-2. Eye, cat. In the left eye, the ante-
rior chamber contained flocculent white to 
yellow material (fibrin) and the iris was dif-
fusely expanded by tan material (Photo cour-
tesy of:  University of Tennessee, College of 
Veterinary Medicine, Department of Biomed-
ical and Diagnostic Sciences) 

 

posterior migration of lens epithelial cells 

(cataract). There is mid-stromal and deep cor-

neal vascularization. In some sections, there 

is axial corneal ulceration with associated 

bacterial colonies, fibrin and neutrophils; the 

adjacent intact corneal epithelium is attenu-

ated. 

Contributor’s Morphologic Diagnosis:  

Eye: Severe diffuse granulomatous endoph-

thalmitis with intrahistiocytic yeasts, retinal 

detachment, cataract and corneal ulceration. 

Contributor’s Comment:  

The morphology of the yeasts is most con-

sistent with Histoplasma spp. At necropsy, 

gross lesions were also identified in the skin, 

liver, spleen, intestines and lymph nodes, and 

microscopic examination identified similar 

lesions and yeast in those tissues as well as in 

the kidneys and lungs. 

In the United States, histoplasmosis is usually 

due to Histoplasma capsulatum and cases oc-

cur most commonly in midwestern and 

southern states. Bird and bat feces are a com-

mon source of infection. Histoplasma spp. 

are dimorphic fungi and infection is usually 

acquired by inhalation of microconidia. In the 

lungs, the microconidia take on the yeast 

form. The yeast are phagocytized and 

proliferate by budding intracellularly. The 

yeast can then spread via the blood and lym-

phatics to distant sites resulting in systemic 

infection. Although the lungs are usually the 

primary site of infection, the skin and gastro-

intestinal tracts may also be primary sites of 

infection. 

As with many fungal infections, immuno-

compromised individuals are more suscepti-

ble to infection and dissemination. In some 

immunocompetent hosts, Histoplasma spp. 

can be dormant until reactivation during 

times of immunosuppression.1 

Clinical signs and lesions depend on the or-

gans affected. As in this case, the lungs, 

liver, spleen and lymph nodes are commonly 

affected in systemic histoplasmosis.1 

 

Ocular involvement may be present in about 

24% of cats and may include blepharitis, con-

junctivitis, chorioretinitis, panuveitis, pan-

ophthalmitis, retinal detachment, and optic 

neuritis.1,2 

 

 
Figure 1-3. Eye, cat. The uvea and choroid are 
diffusely and markedly expanded by a cellular 
exudate which extends into the anterior and 
posterior chambers. There is retinal detach-
ment and atrophy with subretinal exudate. (HE, 
5X)  (Photo courtesy of:  University of Tennes-
see, College of Veterinary Medicine, Depart-
ment of Biomedical and Diagnostic Sciences) 
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Figure 1-4. Iris, cat. The iris is expanded by 
sheets of large macrophages with fewer lym-
phocytes. (HE, 5X) 

 

Contributing Institution:  

University of Tennessee 

College of Veterinary Medicine 

Department of Biomedical and Diagnostic 

Sciences, http://www.vet.utk.edu/depart-

ments/path/index.php 

 

JPC Diagnosis: 

Eye: Endophthalmitis, granulomatous, dif-

fuse, severe, with retinal detachment and at-

rophy, and numerous intrahistiocytic yeasts. 

 

JPC Comment:   

Histoplasma capsulatum is found primarily 

in soils enriched in bird and bat guano where 

it exists as a conidia-forming mold. Once in-

haled, the pleasant 37°C temperature of the 

host converts the organism to a yeast phase 

composed of 2 to 4µm oval budding yeasts 

that can be found both extracellularly and 

within macrophages.3 There are three varie-

ties of Histoplasma capsulatum of veterinary 

importance: Histoplasma capsulatum var. 

capsulatum, the most common variant and 

the subject of this comment; Histoplasma 

capsulatum var. duboisii, which primarily 

causes cutaneous disease in humans and ba-

boons in Africa; and Histoplasma capsula-

tum var. farciminosum, which causes epizo-

otic lymphangitis, or “pseudoglanders,” in 

equids. 

 

Exposure to Histoplasma spp. in endemic ar-

eas is common, but disease is rare. As the 

contributor notes, disease, when present, 

primarily affects the lungs; systemic disease 

typically results only when the exposed host 

lacks sufficient cell-mediated immunity to ar-

rest the macrophage-associated spread of 

yeast throughout the body. Localized, pulmo-

nary, and disseminated histoplasmosis have 

been described in both domestic and wild fe-

lids, and histoplasmosis is reported to be the 

second most common systemic fungal infec-

tion in cats (second only to cryptococcosis).5 

The most common body systems affected are 

the respiratory tract, eyes, musculoskeletal 

system, hemolymphatic organs, and the 

skin.5 

 

It is unclear how commonly feline histoplas-

mosis affects the eyes. In one case series, all 

cats with confirmed disseminated histoplas-

mosis had ocular lesions discovered on oph-

thalmic evaluation, while more recent reports 

place this number at 24%.2,5 Typical ocular 

signs include optic neuritis, anterior uveitis, 

panuveitis, endophthalmitis, choroiditis/cho-

rioretinitis, often with retinal detachment, 

and secondary glaucoma.5 

 

Research in humans and in animal models 

has shown that H. capsulatum organisms 

can persist in tissues in a dormant state for 

many years.5 In immune-competent animals, 

the immune system retards or eliminates the 

organisms’ ability to replicate but does not 

kill them, leading to the granulomatous le-

sions that are characteristic of the disease.5 

Reactivation of disease may occur with im-

mune suppression, with disseminated dis-

ease occurring many years after the host has 

been removed from exposure to the organ-

ism.5 This has implications for ocular histo-

plasmosis as the eye is an immunologically 

sequestered tissue that is separated from the 

rest of the body by the blood-aqueous and 

blood-retinal barriers.5 While sequestration 

of H. capsulatum in the eye and subsequent 

systemic dissemination after discontinuation 

of antifungal therapy has not been  
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definitively proven, studies of ocular Blasto-

myces spp. infections suggest that fungal 

persistence in the eye can delay clearance of 

the organism and perhaps serve as a reser-

voir for recrudescent infection.5 The ability 

to effectively treat ocular histoplasmosis is 

further complicated by the poor sensitivity 

of current laboratory tests, such as serial 

urine and serum antigen assays, at detecting 

histoplasmosis that is restricted to ocular tis-

sues.5 

 

Detecting the organism was not a particular 

challenge in this case, however, which de-

lighted conference participants with its some-

what ostentatious display of yeast-laden mac-

rophages. The florid nature of the infection 

frustrated resident attempts to pinpoint ex-

actly which ocular structures were involved. 

Our moderator for the week, Dr. Rachel Neto, 

Assistant Clinical Professor at Auburn Uni-

versity College of Veterinary Medicine and 

ocular pathology enthusiast, allowed that 

there might be scattered inflammation within 

the sclera, but felt that this was primarily a  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

uveocentric disease process and preferred to 

describe the lesion as an endophthalmitis ra-

ther than a panophthalmitis. 

 

A considerable amount of discussion cen-

tered on the need to read through processing 

and sectioning artifacts. Dr. Neto particularly 

noted that she would be cautious in interpret-

ing changes to the drainage angle based on 

the examined section alone as the section did 

not include the pupil and was likely a para-

sagittal cut.Neoplasia should be included on 

any differential list that is based solely on 

gross appearance. As this is a cat (evidenced 

here by the many melanocytes containing fil-

amentous, golden pheomelanin), feline dif-

fuse iris melanoma, lymphoma, and post-

traumatic sarcoma should be on the list. In-

fectious differentials include FIP, Toxo-

plasma, and the dimorphic fungi. On histo-

logic exam, however, the size, morphology, 

and intrahistiocytic location of the organism 

narrows the list considerably to Histoplasma 

and Leishmania. Dr. Neto also discussed a di-

morphic fungus, Blastomyces helicus, that  

Figure 1-5. Eye, cat. Macrophages contain numerous intracytoplasmic 2-4um round to elliptical 
yeasts. Interspersed melanocytes contain golden brown filamentous pigment characteristic of the 
feline eye. (HE, 783X) 
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Figure 1-6. Eye, cat. A GMS stain demons-
trates the yeasts.   (GMS, 400X) (Photo cour-
tesy of:  University of Tennessee, College of 
Veterinary Medicine, Department of Biomed-
ical and Diagnostic Sciences) 

 

looks virtually identical to Histoplasma cap-

sulatum, is a recently-described cause of fe-

line pneumonitis, and should be considered 

when confronted with Histoplasma-like or-

ganisms in cats.4   
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CASE II:  

 

Signalment:  

3-day-old male White Shorthorn calf (Bos 

taurus). 

 

History:  

A male, White Shorthorn calf was delivered 

with assistance and born blind. This was the 

third calf to be born blind in the last two calv-

ing seasons. All blind calves were sired by 

the same White Shorthorn bull and offspring 

from other sires were unaffected. 

Initially, the submitting veterinary surgeon 

suspected Vitamin A deficiency during ges-

tation. However, a bolus strategy containing 

Vitamin A had no effect. Also, cohort sam-

pling of 10 cows revealed unremarkable vit-

amin A levels in 9/10 cows and, therefore, the 

herd relevance of Vitamin A deficiency was 

unclear. The herd is vaccinated against BVD 

and all animals have tested negative for 

BVD. 

 
Figure 2-1. Eyes, right and left, calf. Both 
globes are smaller than normal, with the 
right globe (on the left in this image) being 
considerably smaller than the contralateral 
eye. (Photo courtesy of:  Department of 
Pathobiology and Population Sciences (PPS), 
Royal Veterinary College, Hawkshead Lane, 
Brookmans Park, Hatfield, Hertfordshire, AL9 
7TA.  www.rvc.ac.uk) 
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Figure 2-2. Eye, right. The retina is not an-
chored and attaches to th posterior asprect 
of a hypoplastic lens. (Photo courtesy of:  De-
partment of Pathobiology and Population 
Sciences (PPS), Royal Veterinary College, 
Hawkshead Lane, Brookmans Park, Hatfield, 
Hertfordshire, AL9 7TA.)   

 

Clinical examination of the blind calf by vet-

erinary ophthalmologists revealed bilaterally 

microphthalmic globes, a wandering nystag-

mus, and a tendency for ventral rotation. Both 

pupils were small and the pupillary light re-

flexes and dazzle reflexes were absent. Close 

examination of both eyes revealed anterior 

segment dysgenesis with microcornea, shal-

low anterior chambers and small pupils. De-

tailed assessment of the lenses was not feasi-

ble due to small pupil size. The calf was eu-

thanized by barbiturate injection. 

Gross Pathology:  

The ocular globes are mildly sunken into the 

orbits. Both globes are reduced in diameter, 

measuring 2.7 x 2.5 cm on the right (OD) and 

3.1 x 2.7 cm on the left (OS), respectively. 

Bilaterally, there are multifocal scleral haem-

orrhages. Examination of the cut-sections 

post-fixation reveals both eyes have little ob-

vious lens remaining. The left eye shows col-

lapse of the anterior chamber and there are 

presumptive lens remnants. These are con-

nected by a cream colored, soft membrane to 

the posterior pole of the eye. The other or-

gans, including the cerebrum, cerebellum and 

brainstem were grossly unremarkable. 

Laboratory Results: 

BVDV PCR (spleen): Negative. 

Microscopic Description:  

As both eyes showed similar macroscopic 

and histopathological changes, only the left 

globe is described below. 

Eye (OS): Compressing against the posterior 

aspect of the ciliary body and the posterior 

pole of the lens and displacing these struc-

tures anteriorly, there is a diffusely detached, 

disorganized and folded retina, which crosses 

the posterior chamber and joins with the optic 

nerve head. The underlying retinal pigmented 

epithelium is multifocally rounded and hy-

pertrophied (tombstoning).  

The dysplastic retina is characterized by the 

following histological features: multifocally 

the outer nuclear layer forms numerous tubu-

lar structures and rosettes surrounding a cen-

tral space containing eosinophilic fibrils (pre-

sumptive necrotic rods and cones) admixed 

with scattered degenerate neutrophils. The 

outer plexiform layer surrounding these ro-

settes and tubules is diffusely thinned and the 

inner and outer nuclear layers frequently co- 

 
Figure 2-3. Eye, right. A cross section of the 
globe demonstrates the lack of retinal anchor-
ing, marked disorganization of retinal layers, 
and attachment to the posterior surface of a 
lens that is flattened craniocaudally, and col-
lapse of the anterior chamber. (HE, 5X)   
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alesce. The inner plexiform layer, ganglion 

cell layer, nerve fiber layer and internal lim-

iting membrane multifocally frequently 

blend together and are not readily distin-

guishable. However, the ganglion cell layer 

can be occasionally distinguished in areas of 

retinal folding. Multifocally, randomly dis-

tributed throughout the dysplastic retina there 

are large lakes of amorphous eosinophilic 

material admixed with melanocytes and kar-

yorrhectic cellular debris (lytic necrosis). The 

nerve fibers within the adjacent optic nerve 

head are mildly vacuolated and there is a dif-

fusely, mildly increased cellularity (likely ol-

igodendrocytes) within the endoneurium of 

the optic nerve. As a result of the aforemen-

tioned changes, the anterior chamber is mark-

edly collapsed, and the iris and ciliary body 

attach to the anterior pole of the lens (poste-

rior synechiae).  

The lens shows one or more of the following 

histological features: markedly reduced size, 

liquefaction of the cortical and nuclear fibers 

and moderate numbers of swollen cells with  

 

 

 

 

 

 

 

 

 

 

 

 

scattered retained nuclei (bladder cells). The 

posterior contour of the lens is uneven and 

there is rupture of the posterior capsule with 

formation of multifocal Morgagnian globules 

(cataract). Fragments of ruptured lens stroma 

are frequently surrounded by the previously 

described dysplastic retina. The corneal 

stroma is multifocally mildly edematous.  

Contributor’s Morphologic Diagnosis: 

Globe (OS): Severe retinal dysplasia with 

posterior synechiae and secondary cataract. 

Contributor’s Comment:  

Retinal dysplasia is an anomaly of the neu-

roectoderm that can be defined as abnormal 

differentiation of the retina characterized by 

glial proliferation and disorganization of the 

retinal layers.11 As ruminants are born with 

mature retinas, unlike dogs and cats which 

continue to have post-partum retinal develop-

ment, the underlying etiological cause for the 

retinal dysplasia in ruminants occurs in utero. 

In cattle and ruminants, common etiological 

causes include: viral infection (e.g., BVDV 

or bluetongue virus), hypovitaminosis A, and  

Figure 2-4.  Right eye, retina. There is marked disorganization of the retina with folding upon itself.  
There is blending of the inner and outer nuclear layers. Rosettes formed from these combined lay-
ers, with photoreceptors projecting into the lumens of the rosettes, are common. (HE, 159X)   
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Species Cause 

Sheep Bluetongue virus 

Dogs Adenovirus, herpesvirus, 

genetically inherited 

breed-related dysplasia 

(English Springer Spaniel, 

Collies, Miniature Schnau-

zers, Labrador Retrievers, 

Samoyeds, Dobermans, 

Akitas, Chow Chows, 

Australian Shepherd 

dogs).7 

Cats Feline leukemia virus, fe-

line panleukopenia virus, 

genetically inherited 

breed-related dysplasia 

(Abyssinian). 

Chickens A genetic retinal dysplasia 

linked to a mutation in the 

MPDZ gene has been iden-

tified.4 

Table 1-1: Selected causes of retinal dysplasia. 

genetic causes such as those documented in 

Shorthorn calves.1,3,6,10,11 

In cattle, post-necrotic retinal scarring of the 

developing retina associated with infection 

by BVDV between 79 and 150 days of gesta-

tion is the most frequently studied retinal dys-

plasia of viral aetiology.11 The most signifi-

cant findings suggesting a viral versus a ge-

netic cause are the presence of inflammatory 

infiltrates, post-necrotic retinal scarring, and 

scarring within the optic nerve and the cho-

roid. BVDV has an affinity for neural tissues 

and, therefore, all calves with retinal dyspla-

sia induced by the virus should also have cer-

ebellar hypoplasia with or without hydro-

cephalus or hydranencephaly. While areas of 

necrosis are seen within the retina in this 

case, there was no evidence of retinal scarring 

or cerebellar hypoplasia, hydrocephalus, hy-

dranencephaly or inflammation and the calf 

had a negative result from a BVDV PCR, 

making this differential less likely. 

Bluetongue virus has only been described in 

the literature as causing retinal dysplasia in 

sheep, and the United Kingdom is currently 

free from the disease, with the last outbreak 

occurring in 2007.1 

Retinal dysplasia has been described in some 

cases of hypovitaminosis A. This deficiency 

has been linked to feeding of brewer’s grain, 

sorghum, or wheat straw which all contain 

low β-carotene activity and low potential vit-

amin A activity.10  However, in cases of hypo-

vitaminosis A there are usually additional 

changes, including a reduction in the size of 

the optic nerve, which were not observed in 

this case. Furthermore, the clinical history in 

this case of incidences being limited to calves 

from one sire and the non-responsiveness to 

Vitamin A supplementation the following 

calving season make involvement of hypovit-

aminosis A very unlikely. 

To conclude, the most likely cause of the ret-

inal dysplasia in this calf is a ‘true’ retinal 

dysplasia with an underlying genetic etiol-

ogy, especially as in this case only calves 

from the same sire showed similar ocular 

changes. The previously documented cases 

of retinal dysplasia in Shorthorn cattle 

demonstrated a concurrent hereditary internal 

hydrocephalus which was not grossly ob-

served in the submitted case. A recessive or 

incompletely penetrant dominant mode of in-

heritance was suggested, but the exact ge-

netic mutation in Shorthorn cattle has not 

been identified.3 Similarly, a genetic retinal 

dysplasia in Hereford calves has been de-

scribed with a proposed dominant inheritance 

of varied expressivity although again, the un-

derlying genetic mutation has not been de-

fined.5 Finally, other breeds of cattle that 

have suspected congenital retinal dysplasias 

documented in the literature include Sim-

mentals and Japanese Black Cattle.8,9 

The pathogenesis of retinal dysplasia in cattle 

is not as well characterized as in other  
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Figure 2-5. Right eye, retina and lens. The 
dysplastic retina is attached to the posterior 
aspect of the lens (there is artifactual separa-
tion due to processing). There is no capsule at 
the area of attachment. The lens is flattened 
in a craniocaudal direction. There is collapse 
of the anterior chamber. (HE, 32X) 

 

domestic species, such as dogs, but is ex-

pected to follow similar mechanisms which 

are described below.11 

Primary (type 1) or true retinal dysplasia is 

rare. It occurs due to failure of maturation by 

an inherently defective retinal pigmented ep-

ithelium (RPE) or failure of apposition of the 

two layers of the optic cup. The condition is 

histologically characterized by retinal ro-

settes, retinal folds, blending of the nuclear 

layers, glial scars, loss of retinal cells and ret-

inal detachment. Rosettes should be com-

posed of a central lumen encompassed by 1-

3 layers of neuroblasts. 

 

Secondary (type 2), or post-necrotic retinal 

dysplasia, is common in cattle. Secondary 

retinal dysplasia occurs when an infectious 

cause (most likely viral-induced) triggers an 

initial nonsuppurative panuveitis and retinitis 

with an associated multifocal retinal and cho-

roidal necrosis. Over several weeks the in-

flammation reduces and there are scant rem-

nants of inflammatory cells remaining micro-

scopically and only post-necrotic scarring. 

The condition is characterized histologically 

by the presence of residual inflammation and 

post-necrotic retinal scarring, optic nerve 

scarring, and choroidal scarring. The RPE 

undergoes reactive hyperplasia, migration 

into the scarred retina or forms metaplastic, 

multilayered fibroglial plaques to replace the 

simple cuboidal epithelium. The nuclear lay-

ers are disorganized and there is rosette for-

mation. Lesions are more common bilaterally 

in the non-tapetal retina and are often asym-

metrical. 

 

Retinal folding is a type of retinal dysplasia 

that is common in dogs and is caused by an  

unbalanced growth rate between the retina 

and the outer layers of the optic cup (choroid 

and sclera) or defective RPE signaling. His-

tologic examination reveals infolding of the 

neuroblastic layer away from the RPE. The 

folds may be transient and disappear with 

continued choroidal and scleral growth.  

 

Contributing Institution:  

Department of Pathobiology and Population 

Sciences (PPS) 

Royal Veterinary College 

Brookmans Park, Hatfield, Hertfordshire 

www.rvc.ac.uk  

 

JPC Diagnosis: 

Eye: Ocular dysgenesis with retinal dyspla-

sia, retinolenticular adhesion, and cataract. 

 

JPC Comment:  

The contributor gives an excellent overview 

of the pathogenesis, classification, and histo-

pathologic lesions of retinal dysplasia. The 

various manifestations of retinal dysplasia 

can best be understood in the context of ocu-

lar organogenesis, which begins with bilat-

eral evaginations of the forebrain that be-

come separated from the developing dien-

cephalon by the optic stalks.11 These evagi-

nations, called optic vesicles, grow outward 

toward the surface ectoderm, where signaling 

from a thickened area of surface ectoderm 

called the lens placode causes the distal optic 

vesicles to evaginate. These evaginations 

form the bilayered optic cups, and signaling 

from and to the lens placode causes its 
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evagination and separation from the ecto-

derm to form the developing lens.12 The inner 

layer of the optic cup proliferates and be-

comes the retinal neuroepithelium, while the 

outer layer of the optic cup, via interactions 

with the surrounding mesenchyme, becomes 

the retinal pigmented epithelium (RPE). The 

surrounding mesenchyme subsequently de-

velops into the vascular and fibrous tunics of 

the eye.11,12 

 

The RPE is distinguished from the neural ret-

ina by the presence of pigment and by a mon-

olayer epithelial arrangement as opposed to 

the pseudostratified epithelial arrangement of 

the neural retina. If these features are not pre-

sent, this is considered a failure of RPE dif-

ferentiation, which has implications for fur-

ther ocular development as the RPE is re-

quired for subsequent retinal and ocular mor-

phogenesis.13 In early development, the neu-

ral retina and the RPE depend on intercellular 

cross-talk for normal development, and hy-

perplasia of one layer can occur at the ex-

pense of the other if this complex signaling is 

perturbed.13  

 

As noted by the contributor, true retinal dys-

plasia is caused either by improper apposition 

of the two layers of the optic cup, leading to 

improper cell-cell signaling interactions dur-

ing development, or to an improperly formed 

or defective RPE.11 The histologic hallmark 

of true retinal dysplasia is the rosette, several 

most excellent examples of which are present 

in the examined slide, composed of a central 

lumen surrounded by 1-3 layers of neuro-

blasts with varying amounts of retinal differ-

entiation and pink fibrils, representing photo-

receptors, projecting into the lumen.11  

 

In dogs, true retinal dysplasia occurs in com-

bination with chondrodysplasia in several 

dog breeds, including the Labrador Retriever 

and Samoyeds, and retinal dysplasia may be  

 
Figure 2-6. Right eye, lens. Lenticular changes 
include disorganization of posterior lens epi-
thelium and cataract. 

 

accompanied by persistent hyaloid mem-

branes and cataracts in these breeds.11 

 

Conference participants quickly found them-

selves engaged in discussions at once seman-

tic and existential. Several participants inter-

preted the lenticular changes and the at-

tendant inflammation as phacoclastic uveitis; 

however, Dr. Neto felt the term inappapropri-

ate given that it implies a lens capsule rup-

ture. In this case, the lens, including the lens 

capsule, likely formed neither correctly nor 

completely. Can that which was never 

formed be ruptured? Similarly, the term “ret-

inal detachment” implies that the retina was 

once attached to the RPE, perhaps an errone-

ous assumption in the context of retinal dys-

plasia, where the layers of the optic cup were 

likely never properly opposed. Can that 

which was never together be separated? 

 

More practically, Dr. Neto noted that this 

case is a great example of why one should al-

ways evaluate the slide grossly prior to histo-

logic examination. Doing so in this case re-

veals an entire calf eye that fits on a standard 

slide – a likely indication that the eye is too 

small. Dr. Neto then discussed the difference 

between nanophthalmos, where the eye is 

smaller than the control eye, but is anatomi-

cally intact, and microphthalmos. Microph-

thalmos comes in two varieties. In simple mi-

crophthalmos, the eye is small due to a devel-

opmental problem with the optic vesicle or 

due to difficulty maintaining intraocular 
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pressures, but the eye is anatomically intact. 

Some consider simple microphthalmos and 

nanophthalmos to be equivalent conditions. 

Complex microphthalmos occurs when, as in 

this case, the eye is small but is anatomically 

abnormal, often with disorganized tunics. 

Microphthalmos can encompass anterior seg-

ment abnormalities such as cataract, as well 

as posterior segment abnormalities such as 

chorioretinal coloboma and retinal dysplasia. 

 

Discussion of the morphologic diagnosis re-

flected the philosophical discussion noted 

above, with participants choosing to describe 

the retinal changes as simple dysplasia versus 

detachment and dysplasia. Some participants 

felt strongly that the chronic inflammation 

surrounding the lens should be included in 

the diagnosis, but the majority felt the inflam-

mation was mild and relatively insignificant 

compared to the severe anatomic disorder 

present in this remarkable eye. 
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Figure 3-1. Eye, calf. A hemisection of the 
globe is submitted for examination. The cau-
dal aspect of the globe, including the optic 
nerve, is not evident. (HE, 5X) 

 

CASE III:   

 

Signalment:  

Juvenile intact female Black Angus calf (Bos 

taurus)  

History:  

Seven weaned calves had a history of rapidly 

progressive neurologic signs, blindness, re-

cumbency, and death. No obvious ocular le-

sions were appreciated clinically, and ani-

mals were unresponsive to dexamethasone 

and thiamine administration. 

Gross Pathology:  

A 200 kg calf had mild postmortem autolysis. 

The anterior chambers of the right and left 

eyes contained a moderate amount of fibrin 

and opaque fluid (hypopyon). Within the cer-

ebral white matter, there was a focally exten-

sive area characterized by numerous, up to 2 

mm diameter, dark red to brown foci (in-

farcts). Additional gross lesions included a 

severe mural and valvular endocarditis of the 

right atrium and ventricle, fibrinosuppurative 

polyarthritis, suppurative bronchopneumo-

nia, and fibrinosuppurative bilateral otitis 

media.  

 

Laboratory Results: 

Aerobic culture of synovial fluid, brain, and 

meningeal swab: No growth detected.  

Mycoplasma bovis PCR, lung: Positive. 

Mycoplasma bovis PCR, synovial fluid: Neg-

ative. 

Histophilus somni PCR, brain: Positive. 

Histophilus somni PCR, lung: Positive. 

 

Microscopic Description:  

Right eye: Frequently, small and medium-

caliber blood vessels within the retina, cho-

roid, anterior uvea, and optic nerve (not pre-

sent in the section) are expanded with partial 

to complete occlusion of vascular lumina by 

fibrin thrombi containing small numbers of 

degenerate neutrophils and small numbers of 

gram-negative coccobacilli. The walls of af-

fected blood vessels are transmurally infil-

trated and effaced by moderate numbers of 

viable and degenerate neutrophils and small 

amounts of fragmented cellular and nuclear 

debris (necrotizing vasculitis). Frequently, 

retinal tissue surrounding the most severely 

affected vessels is edematous and contains 

infiltrates of small to large numbers of degen-

erate neutrophils admixed with hemorrhage, 

necrotic cellular debris, and fibrin (ischemic 

necrosis). The subretinal space and vitreous 

contain small numbers of neutrophils ad-

mixed with hemorrhage and large amounts of 

loose fibrin. Free floating within the anterior 

chamber and disrupting and infiltrating the 

ciliary body at the iridocorneal angle are 

small to moderate amounts of fibrin admixed 

with small numbers of viable and degenerate 

neutrophils.  

Contributor’s Morphologic Diagnoses:  

1. Right eye: Severe, multifocal to coalesc-

ing, acute necrohemorrhagic chorioretini-

tis and anterior uveitis with necrotizing 

fibrinoid vasculitis, fibrin thrombi, and 

intralesional gram-negative coccobacilli. 

2. Right eye: Moderate, multifocal to lo-

cally extensive, acute to subacute hy-

popyon.  
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Figure 3-2. Retina, calf. There is vasculitis of 
small and medium-caliber vessels within the 
retina. Hemorrhage and edema distort the 
normal layered retinal architecture and re-
sult in a generalized spongiosis of the nerve 
fiber layers. (HE, 391X) 

 

Contributor’s Comment:  

Histophilus somni (formerly Haemophilus 

somnus) is an economically significant dis-

ease of cattle and, to a lesser extent, sheep. 

Part of the Bovine Respiratory Disease Com-

plex, it is associated with acute, fulminant 

shipping fever pneumonia primarily charac-

terized by a fibrinous and suppurative bron-

chopneumonia with leukocyte necrosis, bron-

chiolar epithelial attenuation, and intravascu-

lar thrombi. While more commonly associ-

ated with pneumonia caused by Mannheimia 

haemolytica, oat cells are a commonly appre-

ciated histologic feature.4,9  

H. somni bacteremia, often a sequela to pneu-

monia, is reported to cause numerous and of-

ten severe changes in several tissues across 

multiple organ systems – termed the H. somni 

disease complex.5,8,12,13 The most well-

known manifestation of this syndrome is 

thrombotic meningoencephalitis (TME) 

characterized grossly by multiple foci of 

hemorrhage and necrosis throughout the 

brain and spinal cord, and histologically by 

necrotizing vasculitis with intravascular 

thrombosis and ischemic necrosis of depend-

ent tissues.2,10 Other common disease entities 

secondary to bacteremia include otitis ex-

terna, laryngitis/tracheitis, myocarditis, me-

tritis causing abortion or infertility, 

polyarthritis, mastitis, epididymitis, ampulli-

tis, orchitis, and conjunctivitis.2 The hallmark 

histologic lesion is vasculitis with secondary 

thrombosis, and colonies of gram-negative 

coccobacilli are commonly observed within 

vascular thrombi, affected blood vessels, and 

infarcted tissues most commonly affecting 

the central nervous system and retina, as ob-

served in this case.2 

Considered part of the normal flora of the 

male and female genital tracts and the nasal 

cavity, several mechanisms of transmission 

have been proposed.5,8,12,13 Calves are sus-

pected to become infected within the first few 

months of life via aerosolized urine and gen-

ital discharges. As with other pathogens of 

the bovine respiratory disease complex, in-

fection is usually preceded by stressful events 

such as weaning, routine cattle processing, or 

shipping.3,4,8,9,13 Synergism with concurrent 

viral infections, particularly Bovine Respira- 

 
Figure 3-3. Retina, calf. Occasionally, colonies 
of coccobacilli are present within the thrombi 
(HE, 600X). (Photo courtesy of:  Department 
of Veterinary Pathobiology, Oklahoma State 
University, Stillwater, OK 74078 USA. 
https://vetmed.okstate.edu/veterinary-
pathobiology/index.html) 
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tory Syncytial Virus, in further facilitating 

lung damage, pneumonia, and bacteremia has 

been documented.1,3 In cases of pneumonia, 

several virulence factors facilitating disease 

have been proposed including immunoglobu-

lin Fc binding proteins (IgBPs) to resist se-

rum and complement mediated killing; trans-

ferrin-binding proteins used in iron acquisi-

tion; biofilm formation; free oxygen-radical 

inhibition; and various other mechanisms of 

intracellular survival and immune eva-

sion.2,4,5,8,9,12,13 While evasion of bovine neu-

trophils and macrophages has been inconsist-

ently reported as a potential virulence factor, 

the innate immune system (primarily via ex-

tracellular traps produced by neutrophils, 

macrophages, mast cells, and eosinophils) 

has been observed to successfully restrict the 

growth of H. somni in several anatomic loca-

tions, including the respiratory system.8 

In cases of vasculocentric pneumonia or vas-

culitis secondary to bacteremia, surface lipo-

oligosaccharide (LOS) has been proposed as 

a significant virulence factor. LOS has been 

demonstrated in vitro to induce endothelial 

cell apoptosis via activation of caspase 3, 

triggering the production of reactive oxygen 

species and nitrogen intermediates.2,5,12,13 

Another pathway suggests LOS triggers 

platelet activation leading to endothelial 

apoptosis via caspases 8 and 9, endothelial 

cell cytokine production and adhesion mole-

cule expansion, and promotion of endothelial 

cell production of reactive oxygen species 

which further enhances endothelial apopto-

sis.2 LOS has been demonstrated to undergo 

phase and antigenic variation and sialylation 

contributing to immune resistance.5,13 It has 

been proposed that predisposed sites of in-

farctive lesions and vasculitis include those 

in which there are dramatic changes in blood 

vessel diameter or flow patterns that increase 

the likelihood of endothelial or platelet acti-

vation.10  

 
Figure 3-4. Retina, calf. A Gram stain demon-
strates gram-negative coccobacilli. (Gram, 
500X) (Photo courtesy of:  Department of 
Veterinary Pathobiology, Oklahoma State 
University, Stillwater, OK 74078 USA. 
https://vetmed.okstate.edu/veterinary-
pathobiology/index.html)  
 

In the present case, necrotizing and fibrinoid 

vasculitis with thrombosis and tissue infarc-

tion was observed within the cerebrum, cere-

bellum, brainstem, right eye, and left ventri-

cle and papillary muscle of the heart. In addi-

tion, there was a severe fibrinosuppurative 

bronchopneumonia, right ventricular endo-

carditis, fibrinosuppurative otitis media, and 

multifocal fibrinosuppurative polyarthritis. 

Samples of lung and brain were positive for 

H. somni on PCR. Mycoplasma bovis was an 

important differential diagnosis in this case, 

and PCR testing was positive for M. bovis in 

the lung but negative in the synovial fluid of 

the joints.  

Contributing Institution:  

Department of Veterinary Pathobiology 

Oklahoma State University 

Stillwater, OK 74078 USA 

https://vetmed.okstate.edu/veterinary-patho-

biology/index.html 
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Figure 3-5. Drainage angle, calf. There is an 
accumulation of neutrophils and small 
amounts of fibrin in the drainage angle, likely 
the result of accumulation from low-grade 
anterior uveitis. (HE, 400X)  

 

JPC Diagnosis: 

Eye, retina and uvea: Vasculitis, necrotizing, 

multifocal, with fibrin thrombi, coccobacilli, 

and mild neutrophilic endophthalmitis. 

 

JPC Comment:   

Ocular histophilosis is a less common presen-

tation of thrombotic meningoencephalitis 

(TME) in cattle; when present, however, the 

lesions are identical to the common, well-de-

scribed lesions found in the brain of affected 

animals.15 Ocular histophilosis commonly 

presents with suppurative thrombotic lesions 

in the choroid and the retina, often with intra-

vascular bacterial colonies visible on 

H&E.6,15 Ocular histophilosis can also pre-

sent with retinitis as the sole ocular lesion, a 

histologic presentation shared with toxoplas-

mosis and infections with neurotropic vi-

ruses.15 The presence of ocular lesions is use-

ful as an aid in clinical diagnosis of TME and  

is estimated to occur in 30-50% of animals 

with the septicemic form of the disease.15 

 

The contributor provides an excellent over-

view of the typical disease syndromes of his-

tophilosis and of the virulence factors which 

cause its characteristic lesions. In addition to 

LOS, the key virulence factor discussed 

above, H. somni appears able to form bio-

films on the endothelial surfaces of the mi-

crovasculature, particularly in the heart and 

the brain.11 Biofilms are collections of 

bacteria enclosed in a matrix composed of ex-

tracellular polysaccharides, proteins, and nu-

clei acids. The matrix allows cells to adhere 

to each other and/or other surfaces and allows 

for metabolic cooperation among the col-

ony.11 The matrix also provides protection 

from antibacterial agents, with bacteria 

within biofilms being less susceptible to anti-

microbial therapy.11 It is unknown whether 

biofilm formation occurs within ocular his-

tophilosis, but biofilm formation and the sub-

sequent concentration of endotheliotoxic vir-

ulence factors appears to be a significant con-

tributor to pathogenesis in cardiac histophilo-

sis and TME.11 

 

Conference discussion initially revolved 

around differential diagnoses, with the mod-

erator gently prodding residents to recall 

Chlamydia pecorum, which can cause many 

of the same clinical signs and histologic le-

sions as H. somni. Chlamydia pecorum can 

be cound in aborted fetuses, calves, and 

cows, and can cause meningoencephalitis, 

thrombosis, vasculitis, pericarditis, and poly-

serositis, with intracytoplasmic bacteria in 

endothelial and mononuclear cells visible on 

histology.14  

 

Dr. Neto discussed the various manifesta-

tions of histophilosis and noted that a nega-

tive culture does not necessarily rule out his-

tophilosis. A recent study found that culture 

of Histophilus somni from infection-con-

firmed tissue is often unsuccessful, making 

PCR the preferred diagnostic modality.7 Fi-

nally, Dr. Neto discussed the very nature of 

the thrombus itself, providing examples of fi-

brin-rich thombi, with the expected PTAH 

stain positivity, and platelet-rich thrombi, 

which did not stain with PTAH. Immuno-

histochemical staining with CD61, which 

forms part of the platelet fibrinogen receptor 

glycoprotein IIb/IIIa, can be used to identify 

these platelet rich, PTAH-negative thrombi 

in formalin-fixed tissues. 
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CASE IV:  

 

Signalment:  

11-year-old spayed female Maine Coon cat 

(Felis catus) 

 

History: 

This animal had access to the external envi-

ronment and exhibited a recognized propen-

sity for predation. No other cats shared the 

same household. The cat presented with mul-

tiple indolent nodular skin lesions ranging 

from 5 to 20 mm in diameter around both 

eyes, on the right ear-base region, and on the 

ventral aspect of the tongue, as well as an ul-

cerated skin nodule on the tail. The cat was 

referred to a veterinary ophthalmologist. A 

cutaneous mycobacteriosis was diagnosed 

through cytological and histological exami-

nation. Surgical excision accompanied by a  
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Figure 4-1. Eye, cat. There are multiple in-
flammatory nodules extending from the cor-
nea, limbal conjunctiva, and one nodule 
(lower left) infiltrates the sclera. (HE, 5X). 

 

4-week course of antimicrobial therapy (ri-

fampicin combined with clarithromycin) was 

implemented. A culture followed by the mo-

lecular characterization of the isolate identi-

fied Mycobacterium lepraemurium in the re-

sected periocular nodule. 

The animal remained free from recurrences 

for at least one year following the surgical in-

tervention; however, the cat subsequently ex-

perienced a relapse and was euthanized. The 

case was referred to the Institute of Veteri-

nary Pathology of Zurich (IVPZ) for nec-

ropsy.  

 

Gross Pathology:  

The skin and subcutis, particularly on the 

head, dorsal region, distal limb area, and the 

periocular region, conjunctiva, and cornea, 

presented numerous randomly distributed, 

well-circumscribed, alopecic, beige, soft, el-

evated nodules with sizes varying between 

0.2 and 1.5 cm in diameter. The nodules in 

the rostral facial region were infiltrating and 

destroying the osseous structures (os nasale, 

os incisivum, nasal conchae). 

 

Microscopic Description:  

Right eye: Within the cornea and sclera, in-

filtrating and expanding the ciliary body and 

the iris and obliterating the irido-corneal 

angle with focal disintegration of Descemet’s 

membrane are multiple, well-circumscribed, 

coalescing granulomas ranging up to 1.2 cm 

in diameter. The granulomas contain numer-

ous epithelioid macrophages, occasional 

multinucleate giant cells (foreign body type), 

scattered small lymphocytes, plasma cells, fi-

broblasts, fibrous connective tissue, and neu-

trophils. Occasionally, nodules contain a cen-

tral area of necrosis characterized by abun-

dant eosinophilic cellular and karyorrhectic 

debris. The cytoplasm of macrophages con-

tains numerous negative staining rod-shaped 

structures. The corneal epithelium, which 

lines the distended corneal stroma affected by 

granulomas, exhibits multifocal areas of ul-

cerations characterized by loss of epithelial 

lining cells. Numerous smaller granulomas 

are present interspersed among the connec-

tive tissue of the eyelid and conjunctiva. 

A Ziehl-Neelsen acid fast stain revealed myr-

iad intrahistiocytic and free, 0.5 x 2 µm, acid-

fast filamentous bacilli. 

 

Contributor’s Morphologic Diagnosis:  

Globe: Severe, multifocal to coalescing, 

chronic granulomatous keratoconjunctivitis 

and anterior uveitis with numerous intrahisti-

ocytic and extracellular acid-fast bacilli. 

 

Contributor’s Comment:  

Mycobacteria in cats can have different clin-

ical presentations, ranging from localized cu-

taneous lesions to generalized, systemic in-

fections. Mycobacteria are categorized into 

three main groups. 

 

The Mycobacterium tuberculosis complex 

(MTBC) contains 9 closely-related host 

adapted species with varying ability to cross 

species barriers. Among cats, the most prev-

alent species from this group (in the UK) are 

the rodent-adapted Mycobacterium microti 

and the cattle-adapted Mycobacterium bovis.6 

The lesions caused by MTBC are usually pre-

sent in skin and lymph nodes as an effect of 
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bite and fighting wounds, but may also be 

present in the lungs, gastrointestinal tract, 

and rarely, joints.8 

 

Non-tuberculosis mycobacteria (NTM) in-

clude mainly opportunistic organisms that 

may be found in the environment, including 

water, soil, aerosols, and vegetation. In cats,  

the species of main concern are Mycobacte-

rium malmoense, Mycobacterium branderi/ 

shimoidei, and Mycobacterium avium. The 

infections caused by pathogens from this 

group are usually systemic and have a high 

shedding potential given the fact that extra-

cellular bacilli are found in respiratory and 

intestinal epithelium as well as in glomerular 

tufts.7 

The Mycobacterium leprae complex (MLC) 

causes “feline leprosy syndrome” (FLS) and 

includes M. lepraemurium, M. visibile, and 

Mycobacterium sp. strain Tarwin. The stand-

ard microbiological methods are not effective 

for the culture of these species. Clinical 

presentation of the infection is usually lim-

ited to skin, and the dermal lesions are nodu-

lar, often ulcerated, and present predomi-

nantly on the head and the forelimbs. The 

generalized nodular skin disease consists of 

numerous disseminated skin nodules and is a 

rarely observed pattern of infection. Despite 

the predisposition of M. lepraemurium to 

cause damage in the head area, it does not 

tend to involve the eyes. In contrast, Myco-

bacterium sp. strain Tarwin can cause feline 

leprosy with a particular propensity to pro-

duce lesions on the head, particularly involv-

ing the eyes and periocular skin.5  

Histologically, the lesions seen in cats af-

fected by feline leprosy syndrome can be di-

vided into two categories. Lepromatous lep-

rosy is thought to be the malignant form and 

is accompanied by numerous, typically intra-

cellular acid-fast bacilli (multibacillary), 

whereas the tuberculoid leprosy is frequently  

 
Figure 4-2. Eye, cat. The inflammatory nodule 
infiltrating the sclera extends into the drain-
age angle, uvea, and choroid.  (HE, 60X) 

 

recognized as the benign form of the disease 

and is defined by the presence of relatively 

small numbers of intrahistiocytic acid-fast 

bacilli (paucibacillary).2 

The most likely method of transmission for 

M. lepraemurium, which causes leprosy in 

cats and rodents, is through the bites of in-

fected prey during hunting. It has not yet been 

established whether there is a niche in the en-

vironment where the pathogen can survive 

without its host; however, the clinical and 

histological findings in wild rodents, where 

the pathogen is well adapted, and cats serving 

as incidental hosts seem to support this hy-

pothesis.1 

Contributing Institution:  

Institut für Veterinärpathologie 

Vetsuisse-Fakultät, Universität Zürich 

https://www.vetpathology.uzh.ch 

 

JPC Diagnosis: 

Eye:  Keratoconjunctivitis, scleritis, and uve-

itis, pyogranulomatous, multifocal to coa-

lescing, severe. 

 

JPC Comment:   

As the contributor notes, Mycobacterium 

lepraemurium does not typically involve the 

ocular tissues; in fact, this is the only case of 

ocular mycobacteriosis due to M. lepraemu-

rium reported in Europe to date.1,3 In a recent 

study of ocular mycobacteriosis in cats, tu-

berculosis (infection with Mycobacterium  
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Figure 4-3. Eye, cat. The inflammatory nod-
ules are composed of innumerable epitheli-
oid macrophages with fewer lymphocytes, 
plasma cells, and neutrophils.   (HE, 311X) 

 

bovis, Mycobacterium microti, or a nonspeci-

ated Mycobacterium tuberculosis complex 

pathogen) was diagnosed in 91% of cats, 

while Mycobacterium lepraemurium was 

identified in only 9% of cats, providing fur-

ther evidence for the relative rarity of this 

pathogen in ocular tissues.3 The study found 

that the choroid, retina, ciliary body, and 

sclera were the tissues most affected in ocular 

disease caused by mycobacterial organisms 

other than M. lepraemurium, with inflamma-

tion being most florid within the choroid.3 By 

contrast, the two ocular cases of M. 

lepraemurium infection contained lesions re-

stricted to the cornea, sclera, and conjunc-

tiva.3 Infection restricted to the external tunic 

of the eye is typical of this infection and may 

be due to the inability of M. lepraemurium to 

replicate well at higher body temperatures.3 

 
The division of feline leprosy syndrome into 

lepromatous or tuberculoid forms is based on 

the differential elaboration of canonical cyto-

kines by CD4+ T lymphocytes. In the tuber-

culoid form, Th1 lymphocytes produce large 

amounts of  IL-2 and interferon gamma, re-

sulting in a cell-mediated immune response 

rich in activated macrophages and T-cells 

which, in a virtuous immune feedback loop, 

stimulate mutual proliferation and activation 

and the subsequent containment of infection.4 

Lesions of this type are paucibacillary due to 

the low numbers of surviving infectious or-

ganisms. 

By contrast, lepromatous disease produces 

multibacillary lesions that are driven by a 

Th2 lymphocyte response. In these cases, the 

Th2 lymphocytes produce a cytokine milieu 

rich in IL-4, IL-10, and IL-13, all of which 

suppress macrophages and stimulate B lym-

phocytes, and IL-5, which recruits eosino-

phils. The resulting humoral response stifles 

cell-mediated immunity and allows infec-

tions to progress, resulting in more diffuse, 

multibacillary infections such as that present 

in this case.4 In vivo, these responses do not 

exist as discrete entities, but rather occur on a 

continuum with the relative contribution of 

Th1 and Th2 responses driving disease pro-

gression and clinical outcomes. In fact, the 

recent study discussed above found that high 

bacterial loads were found with infections 

with M. bovis, M. microti and M. lepraemu-

rium, indicating that the presence of multi-

bacillary lesions is not necessarily restricted 

to infections with non-tuberculosis mycobac-

teria and Mycobacterium leprae complex 

pathogens.4 

 

Conference participants discussed the origin 

of these stiking lesions and debated whether 

the infection was of hematogenous or exter-

nal, “outside-in” origin. Given the gross ap-

pearance and the nodules arising from the 

conjunctiva and cornea, participants decided 

that an external origin was most likely. Par-

ticipants also discussed whether the disconti-

nuity in Descemet’s membrane was real or 

artifactual, before deciding that the lesion is 

real due to the highly reactive underlying 

stroma. Elsewhere in the cornea, some loss of 

stromal clefting was noted, but Dr. Neto cau-

tioned resident against overinterpreting cor-

neal edema in a necropsied animal as some 

post-mortem corneal aqueous absorption is 

common.  

 

Dr. Neto also discussed the choice of carbol-

fuchsin stains for acid-fast organisms. In gen-

eral, she finds Ziehl-Neelsen to be less  
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Figure 4-4. Eye, cat. An acid-fast stain demon-
strates acid-fast bacilli in numerous macro-
phages within the inflammatory infiltrate. 
The inflammatory nodules are composed of 
innumerable epithelioid macrophages with 
fewer lymphocytes, plasma cells, and neutro-
phils. (Fite-Faraco, 400X) 

 

effective for non-tuberculous Mycobacterium 

as the solvent used may rapidly remove dye 

from the organisms’ thinner walls; however, 

Fite-Faraco has can cause indiscriminate 

staining of necrotic material, making Ziehl-

Neelsen the stain of choice in the face of 

abundant necrosis.   
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WSC 2023-2024 

Conference 12 Self-Assessment 

1. Which of the following is inhaled in animals infected with Histoplasma capsulatum? 

a. Yeasts 

b. Arthrospores 

c. Macroconidia 

d. Microconidia 

 

2. Which of the following has not been identified as a cause of retinal dysplasia in cattle? 

a. Bovine pestivirus 

b. Hypovitaminosis A 

c. Bovine orbivirus (BT virus) 

d. Bovine herpesvirus-1 

 

3. True or false: Hemophilus somnus is part of the normal flora of cattle.  

a. True  

b. False 

 

4. In cases of vasculocentric Hemophius somni infection, which of the following has 

been proposed as a significant virulens factore? 

a. Lipo-oligopolysaccharide 

b. Trnasferrin-binding proteins 

c. Biofilm formation 

d. Free oxygen-radical inhibition 

 

5. True or false: The sole cause of feline leprosy in M. lepraemurium? 

a. True 

b. False 
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CASE I:   

 

Signalment:  

3-year-old intact male, Chinese-origin cyno-

molgus macaque (Macaca fascicularis) 

History:  

This cynomolgus macaque from a mainte-

nance colony at a contract research organiza-

tion presented for ptosis of the left eye (OS). 

Physical exam additionally identified mydri-

asis, exophthalmos, abnormal retropulsion, 

and ophthalmoplegia OS. Direct pupillary 

light reflex (PLR) was absent OS, and con-

sensual PLR was normal in the right eye 

(OD); direct PLR was normal OD, and con-

sensual PLR was absent OS. The diagnosed 

ophthalmoplegia OS was refractive to medi-

cal treatment, and euthanasia was elected. 

Gross Pathology:  

The left orbit was pale yellow. There was a 

firm, yellow-tan mass filling the left caudal 

sinuses and displacing the nasal turbinates 

and adjacent bone, including the orbit and 

ventral cranium. The ventral cranial vault 

was focally displaced ventrally, and there 

was malacia of the adjacent left temporal 

brain. 

Microscopic Description:  

Arising from the nasal turbinates and infil-

trating the nasal turbinates, skeletal muscle, 

and surrounding bone is a densely cellular, 

poorly circumscribed proliferation of neo-

plastic cells. Neoplastic cells are arranged in  

 

 

 

 

 

 

 
Figure 1-1. Nasal cavity, cynomolgus ma-
caque. A densely cellular neoplasm infil-
trates and effaces the bone of the nasal tur-
binate and maxilla and extends into the sur-
rounding skeletal muscle. (HE, 5X) 

 

nests and packets that are supported by fine 

fibrovascular stroma. These cells are polygo-

nal to spindloid, have variably distinct cell 

borders, and contain a moderate amount of 

eosinophilic cytoplasm. Nuclei are ovoid to 

reniform, have coarsely stippled chromatin, 

and frequently contain 1-2 prominent nucle-

oli. Anisokaryosis is moderate and there are 

1-3 mitoses per high power field. In areas 

where the neoplasm extends to the overlying 

squamous epithelium, there is erosion and ul-

ceration with associated hemorrhage,  



259 
 

 

 

 

 

 

 

 

 

 

 

 

 

inflammatory infiltrates of lymphocytes, 

plasma cells, and neutrophils, and abundant 

coccoid bacteria. Neoplastic cells were not 

present in sections of ocular or periocular tis-

sue, although there was degeneration and re-

generation of the extraocular skeletal muscle. 

There is destruction of cortical and woven 

bone, with replacement by neoplastic cells.   

Contributor’s Morphologic Diagnosis:  

Nasal turbinates: Esthesioneuroblastoma 

(Olfactory neuroblastoma). 

 

Contributor’s Comment:  

Esthesioneuroblastomas are malignant neo-

plasms that appear histologically similar to 

neuroendocrine tumors. They arise from the 

neuroectoderm of the olfactory mucosa along 

the superior nasal vault. Esthesioneuroblasto-

mas have been reported in humans, dogs, 

cats, horses, cows, mice, axolotls, and fish; 

however, they are rarely reported in cyno-

molgus macaques. To the authors’ 

knowledge, this is the second report of an es-

thesioneuroblastoma in a cynomolgus ma-

caque.  

 

 

 

 

 

 

 

 

 

 

 

 

 

In the horse, literature describes neoplastic 

cells labelling for antibodies against neurofil-

ament protein, synaptophysin, glial fibrillary 

acidic protein, neuron-specific enolase, mi-

crotube-associated protein, and S-100 pro-

tein. Microtubule-associated protein (MAP-

2) has been reported to label positively in the 

dog, cat, and horse; however, due to the lack 

of specificity of immunohistochemical mark-

ers, definitive diagnosis is made by visualiz-

ing cell processes that contain microtubule 

neurofilaments on transmission electron mi-

croscopy. Dense core neurosecretory gran-

ules are also visualized on TEM. These neo-

plasms are locally aggressive and often in-

vade through the cribriform plate and into the 

sinuses and brain. 

Contributing Institution:  

Pathology Department 

Charles River Laboratories – Mattawan 

www.crl.com 

 

JPC Diagnosis: 

Nasal cavity and maxilla: Malignant neo-

plasm. 

Figure 1-2. Nasal cavity, cynomolgus macaque. Neoplastic cells are arranged in nests and packets 
and efface the surrounding bone. (HE, 183X) 
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JPC Comment:   

Esthesioneuroblastomas, also known as ol-

factory neuroblastomas (ONBs), are charac-

terized histologically by epithelioid neo-

plastic cells with indistinct borders and scant 

cytoplasm that are often separated by neuro-

fibrillary material. Rosette formation is a 

characteristic feature.2 ONBs are presumed 

to originate from olfactory epithelium and 

most tumors are located in the caudal nasal 

cavity in close proximity to the cribriform-

plate.5 ONBs are typically invasive, leading 

to osteolysis of facial structures, deformation 

of the ethmoturbinates, and invasion into the 

cerebral cortex.2,5 

Human ONBs are evaluated using a four-

tiered grading scheme and case reports in vet-

erinary medicine tend to apply this scheme to 

animal ONBs, though it isn’t clear that this 

grading predicts biologic behavior in ani-

mals.1,5 Under this rubric, grade I ONBs ex-

hibit lobular architecture, minimal nuclear 

pleomorphism, prominent neurofibrillary 

matrix, rosette formation, no mitotic figures 

or necrosis, and variable amount of calcifica-

tion. By contrast, grade IV ONBs have  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

variable amounts of lobular architecture, 

marked nuclear pleomorphism, absent neuro-

fibrillary matrix, occasional rosette for-

mation, marked mitoses, prominent necrosis, 

and no calcification.1  

 

This week’s conference was moderated by 

Dr. Derron Alves, Chief of the Infectious 

Disease Pathogensis Section at the National 

Institute of Allergy and Infectious Diseases. 

Conference discussion began with a review 

of the microscopic anatomy of the nasal cav-

ity and surrounding structures and the types 

of epithelium present in the nasal cavity.  

Conference discussion focused on the seem-

ing mismatch between the histologic appear-

ance of ONB described in the literature and 

the appearance of the neoplasm on the exam-

ined slide. Participants noted the complete 

lack of rosette formation, the lack of neurofi-

brillary matrix, and the presence of respira-

tory epithelium with no identifiable olfactory 

epithelium within the examined section. An 

attempt was made to match the tumor to the 

described Grade IV ONB histomorphology, 

but the lack of necrosis and rosette formation 

Figure 1-3. Nasal cavity, cynomolgus macaque. High magnification of neoplastic cells. (HE, 597X) 
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did not pass the smell test. Immunohisto-

chemical results were similarly vexing, with 

neoplastic cells negative, or the stains non-

contributory, for the following immunohisto-

chemical markers: NSE, NeuN, synaptophy-

sin, chromogranin, CD3, CD20, CD138, pan-

cytokeratin, and vimentin.  

   

Participants had a wide range of differential 

diagnoses for this enigmantic tumor, includ-

ing lymphoma, plasma cell tumor, round cell 

tumor, ONB, adenocarcinoma, and non-pro-

ductive osteosarcoma. While most partipants 

agreed that the tumor was malignant based on 

the significant invasion and bony remodel-

ing, participants felt that the histomorphol-

ogy present in this section made ONB un-

likely. The moderator proposed a differential 

diagnosis of “undifferentiated tumor, high 

grade,” which was as specific as participants 

were willing to get without further investiga-

tion.  

 

This case was referred for post-conference 

consultation to the soft tissue and oral and 

maxillofacial MD pathologists at the Joint 

Pathology Center, who agreed that the mor-

phologic characteristics of the tumor were in-

consistent with human ONB. They proposed 

an additional battery of immunohistochemi-

cal stains, to include CD45rb, desmin, ERG, 

MUC-1, S-100, and smooth muscle actin, to 

sniff out the cell of origin. These stains were 

performed; however the vast majority of im-

munohistochemical stains performed on this 

neoplasm were non-contributory due to inap-

propriate behavior of internal controls, mak-

ing our immunohistochemical results, in the 

main, unreliable. 

 

After multiple external consultations and a 

plethora of unhelpful immunohistochemistry, 

conference participants remained unable to 

ascribe a cell of origin to this inscrutable ne-

oplasm and preferred a somewhat on-the-

nose morphologic diagnosis of “malignant 

neoplasm.”  
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CASE II:  

 

Signalment:  

4-year-old, intact male rhesus monkey 

(Macaca mulatta) 

History:  

The animal was experimentally infected with 

Simian-Human Immunodeficiency Virus 

(SHIV) and had a two-month history of nasal 

discharge and coughing and intermittent diar-

rhea for over a year. 

Gross Pathology:  

The animal is in lean body condition. Upon 

opening the carcass, scant adipose stores are 

observed. Upon opening the peritoneal cav-

ity, the gallbladder and common bile ducts 

are moderately thickened. The liver is dif-

fusely slightly pale and on cut surface the bile  
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Figure 2-1. Liver, gallbladder, common bile 
duct, rhesus macaque. Subgross magnifica-
tion of submitted tissue with (L-R):  liver, 
common bile duct, and a second larger sec-
tion of liver with gallbladder.  There is partial 
effacement of the mucosa of the common 
bile duct with abundant inflammation. (HE, 
5X) 

 

ducts are prominent throughout. Upon open-

ing the pleural cavity, the lungs are mottled a 

pink, pale tan with a speckling of red and pur-

ple. Upon cutting through the nasal cavity, 

the nasal turbinates on the right side appear 

somewhat thickened or inflamed. Lesions are 

not observed in the brain, heart, kidneys, 

spleen, pancreas, the entire male reproductive 

tract, and the entire gastrointestinal tract.  
 

Laboratory Results: 

Nasal cavity swabs: Staphylococcus aureus 

(MRSA positive).  

PCR on lungs: Positive for Pneumocystis ca-

rinii. 

PCR on common bile duct: Negative for En-

terocytozoon bieneusi; positive for Cryptos-

poridium parvum.  

Microscopic Description:  

Common bile duct: There is a large area of 

mucosal and submucosal necrosis with abun 

dant degenerate neutrophils and lesser mac-

rophages. The remaining superficial mucosa 

is attenuated and the submucosa is edematous  

with abundant neutrophils, eosinophils, mac-

rophages, and plasma cells. A few small areas 

of hemorrhage are observed. Areas of 

mucosal herniation through the muscle layers 

are observed. The smooth muscle has areas of 

atrophy and fibrosis with a mild eosinophilic 

and neutrophilic infiltrate. Numerous cells 

(smooth muscle, fibroblasts, epithelial cells) 

contain large basophilic intranuclear viral in-

clusion bodies. The mucosa has multifocal 

areas of 3-5 µm round protozoal organisms. 

 

Liver: The portal areas have a mild interstitial 

fibrosis, mild to moderate biliary hyperplasia, 

a mild mixed inflammatory infiltrate, a few 

small areas of hepatocellular necrosis, and 

occasional biliary mucosal protozoal organ-

isms. 

 

Gallbladder: The lumen contains what ap-

pears to be a thick eosinophilic secretion ad-

mixed with mineralized and cellular debris. 

There are multifocal areas of submucosal 

edema. The mucosa has multifocal areas of 

protozoal organisms. The serosa has dense 

areas of plump fibroblastic proliferation ad-

mixed with numerous eosinophils. 

 

Contributor’s Morphologic Diagnoses: 

1. Common bile duct: Cholangitis, necrotiz-

ing, severe, with intranuclear inclusion 

bodies consistent with cytomegalovirus 

and protozoal organisms consistent with 

Cryptosporidium. 

2. Liver: Hepatitis, portal, with biliary hy-

perplasia and Cryptosporidium. 

3. Gallbladder: Cholecystitis, with Cryptos-

poridium. 

 

Contributor’s Comment:  

This is a classic example of opportunistic in-

fections in an immunocompromised rhesus 

macaque. The monkey was experimentally 

infected with Simian-Human Immunodefi-

ciency Virus (SHIV). SHIV is a chimeric vi-

rus that contains HIV-1 viral envelope pro-

tein (Env) with a SIV backbone. The ma-

caque adapted SIV (SIVmac) mirrors many 

of the key components of HIV-1 infection;  
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Figure 2-2. Common bile duct, rhesus ma-
caque. There is segmental necrosis and sup-
purative inflammation of the wall of the com-
mon bile duct. Suppurative inflammation is 
present in the lumen of the duct.  (HE, 19X) 

 

however, there are differences between their 

Envs and the creation of a SIV virus with a 

HIV Env allows animal models to be used.2 

SHIV leads to a severe decrease in CD4 lym-

phocyte populations allowing opportunistic 

bacteria, fungi, viruses, and protozoa to cause 

disease.  

 

Cytomegalovirus (CMV) is a betaherpesvi-

rus.1 CMV is ubiquitous in non-human pri-

mate populations. It has been identified in 

rhesus macaques (Macaca mulatta), Japanese 

macaques (Macaca fuscata), african green 

monkeys (Cercopithecine aethiops), drill 

monkeys (Mandrillus leucophaeus), squirrel 

monkeys (Saimiri sciureus), baboons (Papio 

sp.), marmosets (Saquinus fuscicollis, 

Callithrix jacchus), and chimpanzees (Pan 

troglodytes).1  

 

In breeding colonies of rhesus macaques, 

50% of infants are seropositive for CMV by 

6 months of age and almost 100% are sero-

positive by 1 year of age. Horizontal trans-

mission is believed to be from mother to in-

fant through breast milk and saliva.1 Virus is 

also secreted in urine, semen, and cervical se-

cretions. In immunocompetent animals, the 

virus has a predilection for salivary glands.1  

In immunodeficient animals, as in human 

CMV, simian CMV can produce end-organ 

disease in the central and peripheral nervous 

system, lungs, lymph nodes, hepatobiliary 

system, gastrointestinal tract and arteries.3 

CMV can be detected within multiple tissues 

or may be limited to a single site.1,3  

 

The virus produces intranuclear (owl’s eye 

appearance) and intracytoplasmic inclusion 

bodies and induces tissue necrosis and neu-

trophilic infiltrate in immunosuppressed ani-

mals similar to that seen in human CMV. 

Cells most commonly infected include fibro-

blasts, epithelial cells, endothelial cells, 

smooth muscle cells, and macrophages.9 

 

Cryptosporidium is a parasitic protozoa be-

longing to the phylum Apicomplexa.10 It is 

associated with enteric disease (diarrhea) in 

numerous species.5  Animals can be infected 

with multiple species of Cryptosporidium.10 

Transmission is through the fecal-oral route 

and contact with animals, manure, or contam-

inated food and water.5 Transmission occurs 

through ingestion of oocysts which release 

sporozoites that infect intestinal epithelial 

cells. The parasite then replicates asexually in 

an intracellular but extracytoplasmic niche 

present at the luminal surface of intestinal ep-

ithelial cells. Lysis of the host cell releases 

merozoites that reinvade other epithelial 

cells. After three rounds of asexual replica- 

 
Figure 2-3. Common bile duct, rhesus ma-
caque. There is segmental loss of the mucosal 
epithelium and profound suppurative and 
lymphocytic inflammation of the edematous 
lamina propria.  (HE, 190X) 
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tion, obligate sexual reproduction leads to 

generation of more oocysts which can hatch 

and reinfect within the same host or be shed 

into feces for transmission.4,5 In immunode-

ficient human hosts, infection leads to 

chronic disease, which can manifest as biliary 

involvement and sclerosing cholangitis. 

Cryptosporidium can also infect the respira-

tory tree, stomach, and pancreas.7,11 In human 

AIDS, cryptosporidiosis infection increases 

as CD4+ T-cell numbers decrease. Restora-

tion of these cell numbers are associated with 

clearance of the parasite.4 

Hepatobiliary dysfunction is common in 

HIV/AIDS. AIDS cholangiopathy (AC) is a 

well-documented biliary syndrome in se-

verely immunocompromised AIDS patients. 

AC is a syndrome of biliary obstruction and 

liver damage due to infection-related stric-

tures of the biliary tract. AC is highly associ-

ated with opportunistic infections. These in-

fections, in decreasing prevalence, are Cryp-

tosporidium, cytomegalovirus, and Entero-

cytozoon bieneusi.6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributing Institution:  

National Institutes of Health 

Division of Veterinary Resources  

Bethesda, MD 

 

JPC Diagnoses: 

1. Common bile duct: Choledochitis, ne-

crotizing, circumferential, chronic, dif-

fuse, marked, with intranuclear kary-

omegalic viral inclusions and apicom-

plexan schizonts.  

2. Liver, bile ducts:  Cholangiohepatitis, 

lymphoplasmacytic and eosinophilic, 

chronic, multifocal, mild, with biliary hy-

perplasia and apicomplexan schizonts. 

3. Gallbladder:  Cholecystitis, lymphocytic 

and eosinophilic, diffuse, mild, with 

apicomplexan schizonts. 

 

JPC Comment:  

As the contributor notes, the pathology in this 

case is due to opportunistic pathogens em-

boldened by immunosuppression secondary 

to experimental SHIV infection. SHIV is a 

chimeric retrovirus consisting of an HIV  

Figure 2-4. Common bile duct, rhesus macaque. Mesenchymal and inflammatory cells within the 
inflamed lamina propria contain karyomegalic cytomegalovirus inclusions. (HE, 881X) 
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envelope protein produced within an SIV car-

rier that is used for research into HIV-1 anti-

body-based vaccines, neutralizing antibod-

ies, and other envelope protein-targeting 

strategies. 

 

Retroviruses such as SHIV, SIV, and HIV 

take their family name from the presence of a 

reverse transcriptase within the virion that is 

encoded in the viral genome.7 Reverse tran-

scriptase is an RNA-dependent DNA poly-

merase that transcribes in a “reverse” fashion 

from RNA to DNA. All replication-compe-

tent members of the retrovirus family contain 

a minimum armamentarium of three major 

genes: gag, pol, and env. Reverse transcrip-

tase is encoded by pol (polymerase), which 

also encodes the key enzyme integrase.7 The 

gag (group-specific antigen) gene encodes 

structural proteins and the env (envelope) 

gene encodes an envelope transmembrane 

glycoprotein that is broken down into a sur-

face protein subunit (SU) and a transmem-

brane subunit (TM), is displayed on the vi-

rion surface, and is responsible for entry into 

host cells.7 A fourth essential gene, pro,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

encodes a protease that cleaves viral precur-

sor proteins and is expressed differently in 

various retroviruses.7 

 

A mature retroviral virion includes a nucle-

ocapsid containing the RNA genome and the 

enzymes reverse transcriptase, protease, and 

integrase, all of which are surrounded by an 

envelope studded with many SU and TM pro-

teins. Upon encountering a host cell, the SU 

envelope glycoprotein makes first contact 

and initiates conformational changes within 

the TM subunit that leads to fusion of the vi-

ral and host cellular membranes and the ex-

trusion of the nucleocapsid into the host cy-

toplasm. Once in the cytoplasm, reverse tran-

scriptase co-opts the host cell replicative ma-

chinery and produces double-stranded DNA 

copies of the viral genome which are then in-

tegrated into random sites within the host’s 

chromosomal DNA by the viral enzyme inte-

grase.7  Release of virions from the host cell 

typically occurs via budding from the plasma 

membrane. 

 

Figure 2-5. Liver, rhesus macaque. Schizonts of Cryptosporidium sp. Are intimately attached to the 
epithelium lining the sublobular bile ducts. (HE, 775X) 
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Figure 2-6. Liver, rhesus macaque. There is 
moderate biliary hyperplasia and mild lym-
phoplasmacytic pericholangitis. (HE, 250X) 

 

Several retroviruses can induce oncogenesis 

via several mechanisms. Malignant transfor-

mation can occur when proviral DNA ran-

domly inserts near host genes that regulate 

the cell cycle (proto-oncogenes). The pro-

moter and enhancer DNA that is part of the 

viral insertion may result in dysregulation of 

the cell cycle and promote tumorigenesis.7 It 

should be noted that this is a relatively rare 

occurrence as most viral genome integrations 

are innocuous. A second method of onco-

genic transformation occurs when retrovi-

ruses contain viral oncogenes. It is thought 

that viruses acquire these viral oncogenes 

from host genomes during viral recombina-

tion events; typical viral oncogenes include 

tyrosine kinases, growth factors, growth fac-

tor receptors, transcription factors (v-myc) 

and G proteins (v-ras).7 These oncogenes are 

integrated into the host genome and exert 

strong effects on endogenous mitogenic sig-

nalling pathways, often resulting in oncogen-

esis. Bovine leukemia virus exemplifies a 

third method of oncogenesis that relies on a 

viral oncogene, tax, which upregulates both 

viral and host promoter sequences, no matter 

where on the genome tax is integrated (a 

mechanism termed trans-activation).7 

 

SIV is one of many retroviruses of veterinary 

importance, many of which are well-studied 

and well-characterized. Examples include 

avian leukosis virus and retriculoendothelio-

sis virus, the oncogenic retroviruses of 

poultry; Jaagsiekte sheep retrovirus, enzootic 

nasal tumor virus, maedi-visna virus, and 

caprine arthritis-encephalitis virus of small 

ruminants; feline leukemia virus and feline 

immunodeficiency virus; bovine leukemia 

virus and bovine immunodeficiency virus; 

and equine infectious anemia virus.7 

 

Conference discussion reviewed the SHIV 

animal model of HIV infection and the path-

ogenesis of HIV infection generally. The 

moderator admonished residents to remem-

ber that, while HIV famously infects and de-

stroys CD4+ T lymphocytes, it also affects 

members of the monocyte-macrophage sys-

tem, including microglia. Once infected, 

these cells secrete cytokines that ramp up the 

immune system, resulting in giant cell en-

cephalitis, giant cell interstitial pneumonia, 

and granulmomatous lymphadenitis. 

 

Dr. Alves drew participants’ attention to the 

expansion of the tunica intima that was a re-

peatable finding throughout the vasculature 

in section. Arteriopathy has long been asso-

ciated with SIV and HIV infection, and there 

have been reports of cytomegalovirus infec-

tions that manifest with intimal thickening 

and fibrosis with varying degrees of vascu-

litis. Dr. Alves could not say with certainty 

which, if either, of CMV or SHIV was the 

source of the vascular changes, but reminded 

conference participants not to neglect the 

vasculature when evaluating lesions.  
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CASE III:   

 

Signalment:  

14-week-old female Sprague Dawley rat 

(Rattus norvegicus) 

 

History:  

This animal gave birth with no apparent com-

plications. At seven days post-partum, she 

developed paraparesis of both hind limbs. No 

history of trauma or mishandling was noted 

by the laboratory.  

On physical exam, the rat was bright, alert, 

and responsive, euhydrated, and nursing her 

pups. Neurologic exam revealed absent con-

scious proprioception of both hind limbs, but 

motor reflex was intact when stimulated with 

a toe pinch. There was no overt pain on spinal 

palpation, and urination and defecation were 

reported to be normal. Over 48 hours, para-

paresis progressed, and she lost ~7% of body 

weight. Euthanasia was elected due to poor 

prognosis. 

 
Figure 3-1. Heart and lung, rat. One section of 
heart and three sections of lung are submit-
ted. At subgross magnification, a large 
thrombus occupies the right heart and sev-
eral sections contain occlusive thrombi in the 
pulmonary arteries. (HE, 5X) 
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Figure 3-2. Heart, rat. The luminal thrombus 
is at right. The endocardium is effaced by 
large numbers of neutrophils, plump fibro-
blasts, and collagen, which extends into the 
adjacent myocardium (left).  (HE, 125X) 

 

Gross Pathology:  

On necropsy, the lungs were diffusely pink 

with multifocal dark pink depressions and all 

sections floated in formalin. The heart was 

diffusely dark red. On cut section, a 2x5x2 

mm thrombus was adhered to the right atrio-

ventricular valve. Both kidneys were dif-

fusely dark red and unremarkable on cut sec-

tion. The spine/spinal cord appeared grossly 

unremarkable. 

 

Laboratory Results: 

PCR results on formalin-fixed cardiac tissue: 

Corynebacterium kutscheri: Negative. 

Staphylococcus aureus: Negative. 

Streptococcus pneumoniae: Negative. 

Group B Streptococcus (GBS): Positive. 

 

Microscopic Description:  

Lung: Approximately 50% of small, medium, 

and large-caliber pulmonary vessels are dis-

tended and occluded by intralumenal abun-

dant degenerate neutrophils, karyorrhectic 

debris, eosinophilic fibrillar material (fibrin), 

and large basophilic bacterial colonies 

(thrombi/thromboemboli). The elastic lami-

nae are frequently indistinguishable, and the 

tunica intima, media, and adventitia are re-

placed by abundant degenerate neutrophils 

and karyorrhectic debris (necrosis). There is 

moderate perivascular edema and perivascu-

lar inflammation comprised of moderate 

numbers of neutrophils, macrophages, and 

lymphocytes. Occasionally, alveolar septa 

are expanded up to 5 times normal width by 

variable numbers of neutrophils, lympho-

cytes, and histiocytes. Bronchi/bronchioles 

are unremarkable. 

 

Heart: The endocardium and right atrioven-

tricular valve are expanded and replaced by 

large numbers of plump spindled cells (fibro-

blasts) associated with parallel capillaries 

within a lightly eosinophilic, fibrillar (colla-

genous) matrix (granulation tissue). Attached 

to the endocardium is a thick layer of degen-

erative neutrophils and karyorrhectic debris 

with a central area of brightly eosinophilic 

amorphous to laminated material (thrombus) 

and coalescing large basophilic bacterial col-

onies. Infiltrating the myocardium and dis-

secting around myofibers are proliferating fi-

broblasts and multifocal mixed inflammation 

consisting of neutrophils, macrophages, and 

lymphocytes. There is mild myofiber degen-

eration characterized by cytoplasmic hypere-

osinophilia, swelling, loss of striations, and 

pyknotic nuclei. The epicardium is focally 

expanded by mild mixed mononuclear infil-

trates at the apex of the heart. 

 

 
Figure 3-3. Heart, rat. There are numerous 
colonies of cocci within the thrombus. (HE, 
580X) 
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Figure 3-4. Heart, rat. Colonies of cocci within 
the thrombus are gram-positive. (Brown-
Hopps, 100X) 

 

Gram staining of the lung revealed abundant 

intravascular Gram-positive bacterial diplo-

cocci. Gram staining of the heart revealed 

abundant Gram-positive bacterial cocci 

within an atrial thrombus. 

 

Contributor’s Morphologic Diagnoses:  

1. Lung: Obstructive thromboemboli, chro-

nic, severe with necrosuppurative vascu-

litis/perivasculitis, and intravascular 

large bacterial colonies (cocci).  

2. Lung: Interstitial pneumonia, chronic, 

multifocal to coalescing, severe, neutro-

philic and lymphohistiocytic, with in-

tralesional large bacterial colonies 

(cocci). 

3. Heart, right atrium and AV valve: Endo-

carditis and myocarditis, fibrinosuppura-

tive, chronic, regionally-extensive, se-

vere with intralumenal thrombus, large 

colonies of bacterial cocci, and granula-

tion tissue formation.  

 

Contributor’s Comment:  

In addition to the right atrial thrombus and 

embolic bacterial pneumonia, significant mi-

croscopic findings include severe suppura-

tive inflammation in the bladder, kidneys, 

and right stifle joint. Clinically noted ‘para-

paresis’ is attributed to septic arthritis in the 

right stifle, though thromboemboli affecting 

the spinal cord or other sites is also possible.  

 

In laboratory rodents, expected causes of 

prominent intralesional bacterial colonies as-

sociated with pneumonia can include 

Corynebacterium, Streptococcus, and Staph-

ylococcus sp. Other bacterial causes of pneu-

monia in rats include Pseudomonas aeru-

ginosa (gram-negative), Mycoplasma pul-

monis (gram-negative), and Filobacterium 

rodentium (gram-negative).2,3,8 

Important features of this case include a 

prominent embolic pattern without signifi-

cant involvement of the large and small air-

ways. A major differential for bacteremia and 

embolic lesions in rats is Corynebacterium 

kutscheri (pseudotuberculosis), a gram-posi-

tive short rod that can cause similar changes 

to this case.3,4,8 

 

Gram stain of the heart and lungs revealed in-

travascular gram-positive pairs and chains of 

cocci in thrombi, consistent with streptococ-

cal infection. Consistent with non-aero-

genous extra-pulmonary bacterial etiology, 

bacteria were not evident in airways. PCR on 

formalin-fixed tissues was positive for Group 

B Streptococci (GBS).  

 

GBS are commensal bacteria residing in the 

urogenital, respiratory, and intestinal tract 

and can be associated with opportunistic in-

fections, particularly in neonates and immu-

nosuppressed individuals.6 Most notably, 

maternal colonization of GBS in humans is a 

risk factor for neonatal meningitis, septice-

mia, pneumonia, and death. However, GBS 

infection in gravid rats is reported to cause 

multi-systemic lesions (suppurative pan-car-

ditis, splenitis, pancreatitis, interstitial pneu-

monia, metritis, and bacterial thromboem-

boli) in the dam, with suppurative urocystitis 

as the possible source.3 Uterovaginal origin 

also seems likely post-partum, however these 

tissues were unremarkable in our case. 

 

GBS were among the most commonly identi-

fied bacteria in rat specimens (2016-2020 
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PCR results) in a recent report, with approxi-

mately 20% prevalence.1  FELASA 2014 rec-

ommends quarterly monitoring for GBS in 

rats.7 GBS is frequently excluded from rou-

tine health monitoring in laboratory rodents.5 

This case highlights a potentially important 

cause of morbidity in breeding colonies.  

 

Contributing Institution:  

Johns Hopkins University 

School of Medicine 

Department of Molecular & Comparative 

Pathobiology 

https://mcp.bs.jhmi.edu/ 

 

JPC Diagnoses: 

1.   Heart: Endocarditis, myocarditis, and 

valvulitis, chronic-active, suppurative, 

diffuse, with septic thrombus, granulation 

tissue, and numerous cocci.  

2.  Lung, pulmonary arteries: Arteritis, ne-

crotizing, multifocal, severe, with septic 

thrombi and numerous cocci. 

 

JPC Comment:   

Group B Streptococci, also known as Strep-

tococcus agalactiae, are opportunistic bacte-

ria that are estimated to colonize the gastro-

intestinal and urogenital tracts of 1 in 4 hu-

mans.3 GBS are divided into 10 different 

serotypes based on the composition of their 

polysaccharide capsules, with different sero-

types causing more or less virulent disease 

with implications for patient prognosis. Inva-

sive GBS infection is causing growing levels 

of mortality and morbidity among neonates, 

pregnant women, the elderly, and those with 

underlying health conditions. Invasive GBS 

infections have also been reported in pri-

mates, dogs, fish, and cattle, and rodents and 

primates have been used as experimental 

models of infection both neonatal and adult 

GBS infection.3 

 

In laboratory rats, case reports of spontane-

ously occurring GBS infections often  

 
Figure 3-5. Lung, rat. Septic thrombi are also 
present within pulmonary arteries. The adja-
cent alveoli are atelectatic, and some contain 
various combinations and concentrations of 
neutrophils, cellular debris, and polymerized 
fibrin.  (HE, 155X) 

 

recapitulate late-onset GBS infections in hu-

mans, with infections characterized by myo-

carditis, metritis, meningitis, and septice-

mia.3 Comparative phylogenetic analyses 

from animals as diverse as tilapia, cattle, and 

humans show that GBS strains are extremely 

closely related, and thus could represent an 

anthropozoonotic risk. Whether such trans-

species transmission actually occurs is an ac-

tive area of research; in the meanwhile, per-

sonal protective equipment and training on 

preventive measures for laboratory animal 

handlers is recommended.3  

 

Discussion of this case centered initially on 

cardiac anatomy, with conference partici-

pants divided on whether the cardiac throm-

bus was located in the right or the left side of 

the heart. Dr. Alves noted that sequelae of a 

left-sided thrombus would be widely disse-

mentated thrombus formation, while right 

sided thrombi might be expected to propa-

gage clots within the pulmonary vasculature, 

as seen in this case. Duly convinced that the 

thrombus likely began in the heart, partipants 

noted the multiple small caliber blood vessels 

in the myocardium, particularly at the apex of 

the heart, and agreed with the contributor 

that, while a surprising location, these likely 

represented granulation tissue subjacent to 

the completely denuded endocardium.  
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Figure 3-6. Lung, rat. Colonies of cocci within 
the pulmonary arteriolar thrombi are gram-
positive.  (Brown-Hopps, 100X) 

 

Gram staining highlighted the embolic nature 

of this disease process, with large colonies of 

gram-positive bacteria throughout the pulmo-

nary vasculature. The moderator also noted 

the substantial interstitial pneumonia present 

in the lungs and characterized the infiltrate as 

primarily lymphoplasmacytic with fewer 

neutrophils using immunohistochemical 

staining, including a stain for myeloperoxi-

dase (MPO), which helpfully highlighted 

neutrophils. 

 

Dr. Alves discussed coagulation more 

broadly, revisiting Virchow’s triad of turbid-

ity, endothelial damage, and hypercoagula-

bility. In this case, the animal had recently 

given birth, and the hormonal changes asso-

ciated with pregnancy and periparturition are 

known risk factors for hypercoagulability. 

The inflammatory conditions created by the 

massive bacterial infection could also cause 

vascular changes leading to slowing of blood 

flow and endothelial damage which could 

contribute to turbidity and exposure of tissue 

factor, all of which increase the risk of throm-

bus formation. 

 

Conference participants preferred not to in-

clude the notable interstitial pneumonia in the 

morphologic diagnoses as it was likely sec-

ondary to the main process; however, the in-

terstitial pneumonia was seen, acknowl-

edged, and appreciated. Conference partici-

pants discussed the thrombus location within 

the heart at length, particularly whether it was 

located in the atrium or the ventricle. Partici-

pants noted the contributor’s location of right 

atrium, which is undoubtedly correct; how-

ever, based on the slide evaluated at confer-

ence, participants could not definitively lo-

calize the thrombus and hedged with a gener-

ally correct location of “heart.” 
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CASE IV:  

 

Signalment:  

Age and gender unknown, Sprague Dawley 

rat (Rattus norvegicus) 

 

History: 

The patient was enrolled in an IACUC proto-

col. Following surgery, the rat was not 

grooming, was urinating on itself, was very 

lethargic, and lost more than 15% of its body 

weight. There was no sign that it was eating 

food or gel packs. Euthanasia was performed 

and a necropsy was performed by the re-

search technician. 

Gross Pathology:  

The bladder was distended and discolored. 

Urine collected aseptically was purulent and 

bloody. The stomach was full, but the rest of 

the gastrointestinal tract was empty. Both 

kidneys had multifocal white spots on the 

cortex. The remaining organs appeared nor-

mal. Gross dissection of the bladder revealed 

numerous uroliths. 

 

Laboratory Results: 

Proteus mirabilis was cultured from the uri-

nary bladder. Stone analysis was not per-

formed. 

 

Microscopic Description:  

Affecting 40% of primarily the renal cortex, 

but extending into the medulla, tubules are 

necrotic and degenerate, lost and replaced, or 

expanded and widely separated by viable and 

degenerate neutrophils, necrotic cellular de-

bris (lytic necrosis) and large colonies of ba-

sophilic bacterial rods. Tubules are degener-

ate or regenerating. Multifocally tubules have 

retention of cellular architecture and loss of  

 
Figure 4-1. Kidney, rat. Uroliths collected 
from the bladder. There was blood in the 
urine and culture of the urine yielded Proteus 
mirabilis. (Photo courtesy of Tri Service Re-
search Laboratory, http://www.wpafb.af.mil 
/afrl/711HPW/) 

 

differential staining (coagulative necrosis). 

Within tubules there is a homogenous eosin-

ophilic material (proteinosis) or sloughed ep-

ithelium admixed with neutrophils and cellu-

lar debris (cellular cast) and rarely deeply ba-

sophilic crystalline material (mineral). The 

interstitium is expanded by the same cellular 

debris and fibrin, hemorrhage and edema. 

Glomerular changes include synechia, parie-

tal cell hypertrophy, necrosis of mesangial 

cells and protein in Bowman’s space. 

 

The renal surface is undulant with a mildly 

thickened capsule expanded by adherent fi-

brin and inflammatory cells. The renal pelvis 

is dilated (hydronephrosis) and contains pre-

viously described lytic necrosis and inflam-

matory cells which transmigrate the multifo-

cally lost and necrotic (ulcerated) urothelium. 

 

Contributor’s Morphologic Diagnosis:  

Kidney: Pyelonephritis, suppurative, multi-

focal, severe, chronic, with large colonies of 

bacteria, tubular degeneration, regeneration 

and necrosis, protein and cellular casts, intra-

tubular bacteria, hydronephrosis, and urethri-

tis. 
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Figure 4-2. Kidney, rat. At subgross magnifi-
cation, the renal pelvis is markedly dilated 
and irregular in shape. There is exudate in the 
lumen and foci of inflammation extending up 
to the undulant capsular surface. (HE, 6X) 

 

Contributor’s Comment:  

Proteus mirabilis is a gram-negative, flagel-

lated, swarming, commensal inhabitant of the 

intestinal tract in humans and the respiratory 

and digestive tract of mice.5 This bacteria 

may affect multiple organs by gaining access 

to the systemic circulation, inducing bactere-

mia, or can infect the urinary system through 

an ascending infection. In people, this is a 

common nosocomial cause of catheter asso-

ciated urinary tract infections. In the dog and 

cat, Escherichia coli  followed by Proteus 

mirabilis are the two most frequently isolated 

gram negative bacteria in urinary tract infec-

tions.3 On a more historic note, P. mirabilis 

has been a source of surgical infection via 

contaminated instrumentation and has rarely 

been implicated in cases of meningitis and 

cerebral abscesses in neonates.8 

 

The pathogenesis of P. mirabilis involves its 

unique ability to differentiate from a swim-

mer cell to a swarmer cell depending on the 

environment. In a liquid environment, the 

bacteria swim, (called swimmers) while on a 

solid surface, such as a urinary catheter, they 

differentiate into swarmers forming rapidly 

moving rafts of bacteria.2 P. mirabilis has 

several virulence factors, including flagella 

for increased motility, adhesion factors for 

binding to epithelium in the urinary tract, and 

the ability to utilize host iron.1,2 This infection 

also creates an overwhelming neutrophilic re-

sponse and damages host tissue via hemoly-

sin, which is cytotoxic to epithelial cells, and 

urease. Urease breaks down urea to ammo-

nia, raising the pH of the urine and precipitat-

ing the formation of stones which are often 

struvite or carbonate hydroxyapatite, thus 

causing additional mechanical epithelial 

damage.1,2 

 

One current area of research has been the in-

vestigation of P. mirabilis and its potential to 

alter tumor hypoxia thereby inhibiting tumor 

growth.9 Through various mechanisms, such 

as gene delivery and immunomodulator de-

livery, Salmonella typhimurium, E. coli and 

Clostridium sp. have also been investigated 

for their potential roll in treating cancer.7 One 

particular study found that P. mirabilis may 

be a potential method for suppressing growth 

of primary breast cancer in murine models.9 

 

Although not a common pathologic entity in 

veterinary medicine, this bacteria should be 

considered as a differential for cases of sup-

puarative pyelonephritis in rodents. 

 

Contributing Institution:  

Tri Service Research Laboratory 

Fort Sam Houston, TX 

http://www.wpafb.af.mil/afrl/  

 
Figure 4-3. Kidney, rat. There is intense sup-
purative inflammation adjacent to ulcerated 
areas of the dilated pelvis.   (HE,170X) 
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JPC Diagnoses: 

1. Kidney:  Pyelonephritis, chronic-active, 

suppurative, severe, multifocal to coa-

lescing, with cellular and protein casts 

and moderate hydronephrosis. 

2. Kidney: Interstitial nephritis, lympho-

plasmacytic, mild, with tubular atrophy. 

 

JPC Comment:   

The contributor provides an excellent over-

view of Proteus mirabilis, a bacterium 

blessed with many gifts, the most spectacular 

of which may be its remarkable and pleas-

ingly alliterative swimmer-swarmer motility. 

This unique feature inspired the name of the 

Proteus genus upon its discovery in 1885 by 

the German pathologist Gustav Hauser.7 

 

Hauser, a Greek mythology enthusiast, 

named the genus based on Proteus, the pro-

phetic sea god, who appears in, among other 

writings, Homer’s Odyssey. In addition to 

herding seals for Poseidon – a fine enough 

avocation in itself – Proteus was omniscient, 

knowing all things past, present, and future. 

Proteus was loathe, however, to share his 

knowledge with others, and those who sought 

his counsel could only bide their time and at-

tempt to capture Proteus during his  midday 

nap and demand prophetic answers.  Proteus, 

however, was not just your run-of-the-mill 

omniscient seal-herding deity; he could also 

change shape into lions, serpents, or even wa-

ter in order to avoid capture.  

 

The name Proteus also appeared in the 15th 

century Shakespeare play, The Two Gentle-

men of Verona, where one of the main char-

acters is so named because of his capricious, 

frequently-changing affections. The modern 

word “protean” also shares this derivation, 

and is defined by Merriam-Webster to mean 

“of or resembling Proteus in having a varied 

nature or ability to assume different forms; 

displaying great diversity or variety; versa-

tile.”9 It was this culture context that led  

 

Figure 4-4. Kidney, rat. Rays of inflammation 
extend upward into the superficial cortex. 
(HE,17X) 

 

Hauser, who recognized the ability of Pro-

teus mirabilis to differentiate from a short 

vegetative swimmer cell to an elongated, 

highly flagellated swarmer cell, to name the 

bacterium after Proteus, mythology’s famous 

shape-shifter.8  

 

What Hauser couldn’t have know at the time, 

however, is that P. mirabilis can perform 

even more feats of molecular chicanery that 

allow it to evade the host immune system. P. 

mirabilis produces an IgA-degrading prote-

ase, named ZapA metalloprotease, that is 

able to completely degrade IgA.1 The bacte-

rium produces ZapA during its transition 

from swimmer to swarmer, enabling it to 

neutralize the host’s mucosal immunity dur-

ing a critical time in pathogenesis. One of the 

key characteristics of the swarmer cell is the 

exuberant expression of flagella of many dif-

ferent types. These flagella are encoded by 

three different flagellin genes which, via ho-

mologous recombination, allow individual 

bacteria to produce antigenically novel fla-

gella capable of evading host immune de-

fenses.1 Finally, the production of urease 

leads to the production of struvite and car-

bonate hydroxyapatite stones. Stone for-

mation is typical of P. mirabilis infection and 

allows the bacterium to sequester itself and 

replicate within the stones, protected from the 

antibodies and antibiotics that mean it harm.1 

Conference participants found this slide a 

feast for the eyes and, as in all cases this  
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week, full of description-rich details. Dr. 

Alves advised conference participants to 

structure slide descriptions by starting with 

the most severe lesion; if severity doesn’t 

provide an obvious starting point, one might 

structure the description around the presumed 

pathogenesis. In this case, the most severe pa-

thology was in cortical tubules, which were 

characterized by large areas of both coagula-

tive and lytic necrosis. Dr. Alves noted that 

many seemingly destroyed tubules retained 

their basement mebranes in a remarkable dis-

play of renal resilience. He also noted that 

many tubular lumina contain blue-gray, 

finely granular material that appear to be bac-

teria, but that did not show up on gram stain. 

Gram staining was repeated post-conference 

and the intratubular material again resisted 

gram staining. Despite the presence or ab-

sence of organisms on gram stain, this section 

provides an excellent example of a “gram-

negative kidney,” with lesions similar to what 

would be expected with E. coli, Proteus mi-

rabilis, Klebsiella, and other less-common 

gram negative organisms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dr. Alves also noted eosinophilic round in-

clusions within many renal tubular epithelial 

cells, interpreted as hyaline droplets. These 

well-documented droplets are produced by 

one of three distinct processes: 1) by seques-

tration of alpha2U-globulin in the lysosomes 

of male rats, 2) by histiocytic sarcoma, which 

produces excessive lysozyme that spills into 

the renal tubules and is resorbed, or 3) by 

overproduction of high molecular weight 

proteins. These three etiologies can only be 

differentiated with special stains. 

Finally, Dr. Alves noted an area near the re-

nal pelvis that, in contrast to the vast majority 

of the kidney which is awash in neutrophils, 

contains an interstitial inflammatory infiltrate 

composed largely of lymphocytes and plasma 

cells. These chronic inflammatory cells sepa-

rate and surround small renal tubules with at-

tenuated epithelium, interpreted as tubular at-

rophy. Dr. Alves believes this area represents 

a second pathologic process distinct from the 

obvious bacterial infection. Though the age 

of the animal is not provided, chronic  

Figure 4-5. Kidney, rat. Tubules are expanded and effaced by suppurative inflammation which ex-
tends into the surrounding interstitium. Some tubules contain protein casts filled with apparent 
bacterial colonies. (HE,144X) 
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Figure 4-6. Kidney rat. High magnification of 
the granular material within the lumen of a 
dilated tubule in the superficial cortex. (HE, 
914X) 

 

progressive nephropathy is a common lesion 

in older rats and could account for this focus 

of chronic inflammation. Conference partici-

pants felt this was a significant lesion and 

warranted capture in a second morphologic 

diagnosis. 
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WSC 2023-2024 

Conference 13 Self-Assessment 

1. Esthesioneuroblastomas arise from? 

a. Nerve sheath of the olfactory nerve  

b. Neuroectodem of the superior nasal cavity  

c. Neuroectoderm of the anterior olfactory lobe  

d. Distributed neuroendocrine tissue of the nasal cavity  

 

2. Which of the following is incorporated into the SIV virus to create SHIV? 

a. HIV gag gene 

b. HIV pol gene  

c. HIV env gene  

d. A piece of ham  

 

3. Schizonts of Cryptospordium are traditionally located: 

a. Intracellular, extracytoplasmic  

b. Extracellular, intracytoplasmic 

c. Intracellular, intracytoplasmic  

d. Extracellular, extracytoplasmic 

 

4. In  humans, Group B streptococcus is also known as Streptococcus? 

a. Meningitidis 

b. Uberis 

c. Agalactiae 

d. Jirovecii 

 

5. True or false: Proteus mirabilis is the4 second most common cause of pyelonephritis 

in dogs and cats.  

a. True  

b. False 
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CASE I:   

 

Signalment:  

Adult female Norwegian Fjord horse (Equus 

caballus) 

History:  

This horse was born near Hanover, Germany. 

It was kept solely in northern Germany and 

has never been abroad. It was presented to the 

local veterinarian due to lameness. During 

the clinical examination, the veterinarian de-

tected multiple cutaneous nodules. Two rep-

resentative samples (elbow and periorbital 

skin) were surgically excised, fixed in 10% 

formalin, and submitted for histological ex-

amination.   

Gross Pathology:  

In both samples, the haired skin showed focal 

alopecia, focal ulceration, and poorly demar-

cated lumps with a size of up to 1.2 cm in di-

ameter.  

Laboratory Results: 

Genome fragments of Leishmania sp. were 

detected in the cytoplasm of multinucleated 

giant cells and macrophages using in situ hy-

bridization.  

 

Microscopic Description: 

Haired skin: The superficial and deep dermis 

shows a multifocal to coalescing periadnexal 

and a multinodular to coalescing severe in-

flammatory cell infiltrate consisting of myr-

iad macrophages admixed with low to  

 

 

 

 

 

 

 
Figure 1-1. Haired skin, horse. A submitted 
section of skin contains coalescing inflamma-
tory nodules within the dermis. (HE, 5X) 

 

moderate numbers of plasma cells and lym-

phocytes, as well as single eosinophilic gran-

ulocytes. Randomly distributed throughout 

the whole lesion, there are multinucleated gi-

ant cells with a size of up to 50 µm in diame-

ter, containing up to 10 predominantly pe-

ripherally located nuclei (Langhans type). 

Occasionally in the extracellular space, but 

predominantly and frequently within the cy-

toplasm of macrophages, there are multiple 

protozoal structures (amastigotes) with a di-

ameter of 2 to 3 µm often surrounded by a 

clear halo suggestive of a clear parasitoph-

orous vacuole. The round organisms are char-

acterized by a clear cytoplasm and a single 

eccentric nucleus of approximately 1-2 µm 

diameter. Furthermore, in the superficial der-

mis, fibroblastic connective tissue is moder-

ately hyperplastic. In addition, low numbers 

of macrophages with brown-black intracyto-

plasmic pigment are present in the subepider-

mal tissue (pigmentary incontinence). Occa-

sionally, hair shafts and sebaceous glands are 

missing.   
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Contributor’s Morphologic Diagnosis:  

Haired skin: Dermatitis, chronic, severe, fo-

cally extensive, periadnexal to diffuse, gran-

ulomatous, with multinucleated giant cells 

(Langhans type) and intrahistiocytic proto-

zoal amastigotes, equine. 

Contributor’s Comment: 

Leishmaniasis is a globally occurring infec-

tious disease in humans and animals caused 

by obligate intracellular protozoan parasites 

of the genus Leishmania. The disease is en-

demic in Southern Europe, North Africa, 

South and Central America, and Asia.13 In 

Europe, it occurs mainly in the Mediterra-

nean region. Due to increased travel activities 

with companion animals, the number of ani-

mals infected with Leishmania sp. in North-

ern Europe has increased. Additionally, since 

the 1980s, the sandflies that transmit leish-

maniasis have increasingly appeared in 

Northern Europe, especially in Germany, 

possibly due to climate change.1,8 This has in-

itiated the discussion about the occurrence of 

autochthonous cases of leishmaniasis in Eu-

rope north of the Alps.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Leishmania sp. require both arthropods and 

vertebrates for their development. Sandflies 

such as Phlebotomus sp. and Lutzomyia sp. 

play an important role as vectors of Leishma-

nia sp. in Europe and South and Central 

America.1 The amastigote form of Leishma-

nia sp. is found in the cells of the mononu-

clear phagocyte system of vertebrates, pre-

dominantly in liver, spleen, bone marrow, 

and lymph nodes. Occasionally, the organ-

isms are detected in other leukocytes, endo-

thelial cells, fibroblasts, and neoplastic 

cells.2,10 After ingestion of macrophages con-

taining Leishmania amas-tigotes by a female 

arthropod during a blood meal, the 

amastigotes are transformed into pro-

mastigotes in the intestine and subsequently 

enter the biting mouthparts of the arthro-

pod.13,18 Transmission of the pathogen 

through either mechanical vectors such as 

bloodsucking insects and ticks or a direct and 

vertical transmission has also been re-

ported.6,11,18  

 

Figure 1-2. Haired skin, horse.  Inflammatory nodules are composed primarily of histiocytes with 
large numbers of lymphocytes scattered throughout, often in aggregates. Macrophages contain 
multiple round protozoal amastigotes within their cytoplasm. (HE, 381X) 
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Figure 1-3. Haired skin, horse. Amastigotes 
are characterized by a clear cytoplasm and a 
single eccentric nucleus of approximately 1-2 
µm diameter. (Photo courtesy of: Depart-
ment of Pathology, University of Veterinary 
Medicine, Hannover, Buenteweg 17, 30559 
Hannover, Germany. http://www.tiho-han-
nover.de/ klin iken-institute/institute/insti-
tut-fuer-pathologie). (HE, 600X) 
 

There are more than 50 species of 

Leishmania based on a complex 

classification scheme. The species of 

Leishmania vary by region, and different 

species are thought to cause different disease 

manifestations.1 Currently,three different 

Leishmania sp. have been confirmed to cause 

cutaneous leishmaniasis in horses in Europe: 

Leishmania braziliensis, Leishmania sia-

menis, and Leishmania infantum.14 

 

In animals and humans, leishmaniasis can 

cause three different disease patterns: cutane-

ous leishmaniasis, mucocutaneous leishman-

iasis, and visceral leishmaniasis.13 Clinical 

signs of equine cutaneous leishmaniasis are 

usually less severe than in other host species 

and the disease in equids is typically not life-

threatening. The most common lesions are 

single or multiple papules or nodules charac-

terized by hyperkeratosis with prominent 

scaling, alopecia, depigmentation, and ulcer-

ation in the areas where sand flies commonly 

feed, including periorbital skin, muzzle, 

neck, pinnae, scrotum, and legs.13,14 

 

Histologically, a nodular to diffuse lympho-

histiocytic dermatitis is a consistent feature 

of cutaneous leishmaniasis.14 The inflamma-

tion mainlyvoccurs in one of the following 

three patterns: granulomatous perifolliculitis, 

super-ficial and deep perivascular dermatitis, 

or interstitial dermatitis.13 However, the bur-

den of the protozoa may vary. This reflects 

the dynamics of the interaction between the 

host and the pathogen. Moreover, the incuba-

tion time of cutaneous leishmaniasis varies 

from several months up to seven years.13 

Spontaneous regression and recurrence of cu-

taneous leishmaniasis have been reported in 

cats and horses.15 

 

Not all infected animals become ill. In in-

fected animals, leishmania-specific and non-

specific polyclonal B-cell activation may oc-

cur, which can lead to deposition of immune  

complexes and formation of autoantibodies 

against erythrocytes, platelets, and nuclear 

antigens. In diseased animals, a Th2-immune 

response predominates. In contrast, a type IV 

hypersensitivity reaction and a Th1-immune 

response are found in asymptomatic carriers 

or in animals after successful chemother-

apy.13 

 

Due to the variety of possible lesions and the 

various infectious and noninfectious differ-

ential diagnoses, the diagnosis of leishmani-

asis requires direct cytologic or histological 

identification of amastigotes in the cytoplasm 

of macrophages, best visible by Giemsa 

staining.13 Furthermore, pathogen detection 

is possible by immunohistological, culture, 

and molecular (PCR and in situ-hybridiza-

tion) detection methods.3,12 A positive sero-

logical test indicates that an infection has oc-

curred, but does not imply  
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that the parasite is still present in the infected 

host.3 

 

Contributing Institution:  

Department of Pathology 

University of Veterinary Medicine, Hanno-

ver  

Buenteweg 17, 30559 

Hannover, Germany. 

 

JPC Diagnosis: 

Haired skin: Dermatitis, granulomatous, mul-

tifocal to coalescing, severe, with numerous 

intrahistiocytic amastigotes. 

 

JPC Comment:   

The contributor provides an excellent over-

view of leishmaniasis, a zoonotic disease 

most consistently found in humans and dogs 

and which has not historically been consid-

ered endemic in the United States. In recent 

decades, cutaneous and visceral leishmania-

sis has been reported among certain canine 

breeds in the United States and Canada, and 

cases of cutaneous leishmaniasis have been 

reported in U.S. horses without a history of 

travel to endemic areas.16,17 

 

The first documented report of a domestically 

acquired case of equine leishmaniasis oc-

cured in a Morgan horse mare in Florida in 

2011.4,16 As noted by the contributor, the ca-

nonical mode of transmission of Leishmania 

sp. is via the bite of sandflies from the genera 

Phlebotomus and Lutzomyia, and Florida is 

host to two possible sand fly vectors, 

Lutzomyia shannoni and Lutzomyia vex-

ator.17 Lutzomyia shannoni is known to feed 

on both humans and other mammals, and it 

has been experimentally shown capable of in-

fection with Leishmania infantum when fed 

on infected dogs; however, it is not known if 

the infective amastigote forms develop 

within Lutzomyia shannoni.17 The search for 

a competent sandfly vector may be superflu-

ous, however, as recent research has demon-

strated that the species of Leishmania iso-

lated from infected Florida horses, Leishma-

nia martiniquensis, is likely transmitted by 

Culicoides spp. biting midges.5,9,17 Due to the 

presence of competent vectors in the United 

States and a small but growing number of 

confirmed cases of domestically-acquired eq-

uine leishmaniasis, the American Association 

of Equine Practitioners recently released 

guidelines on the diagnosis and treatment of 

the disease.4 

 

Equine cutaneous leishmaniasis commonly 

presents as solitary or multiple ulcerated nod-

ules on the head, pinnae, scrotum, legs, and 

neck.17 To date, equine leishmaniasis has 

been confined to the skin and the more seri-

ous and potentially fatal visceral form of the 

disease seen in dogs and humans has not been 

reported in horses; most clinical equine cases 

spontaneously resolve in 3-6 months and the 

prognosis is therefore generally good.4,17  

 

This week’s conference was moderated by 

Joint Pathology Center Director and eques-

trian enthusiast LTC(P) Sherri Daye. LTC(P) 

Daye led conference participants in a discus-

sion of the differences among molecular 

 
Figure 1-4. Haired skin, horse. In-situ hybridi-
zation against Leishmania sp. (Photo courtesy 
of: Department of Pathology, University of 
Veterinary Medicine, Hannover, Buenteweg 
17, 30559 Hannover, Germany.) (anti-Leish-
mania ISH.) 
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diagnostic techniques such as in situ hybridi-

zation and immunohistochemistry before 

moving to differential diagnoses. Participants 

were even-ly split between Histoplasma cap-

sulatum and Leishmania spp. as the likely eti-

ologic agent of this lesion, and significant 

conference discussion focused on how to dif-

ferentiate between the two organisms when 

presented with only an H&E section. Partici-

pants noted that leishmaniasis typically pre-

sents with abundant plasmacytic inflamma-

tion, which is absent in this case. In addition, 

the clear capsule-like rings surrounding the 

organisms are unusual in leishmaniasis and 

further contributed to the diagnostic confu-

sion. 

 

Though cutaneous leishmaniasis has not his-

torically been top of mind in the United States 

and Northern Europe, the incidence of this 

disease is likely to increase as competent vec-

tors, driven by migratory movements of peo-

ple and animals and climate change,  move 

into newly favorable geographic niches. 

 

References: 

1. Akhoundi M, Kuhls K, Cannet A, et al. A 

historical overview of the classification, 

evolution, and dispersion of Leishmania 

parasites and sandflies. PLOS Negl Trop 

Dis. 2016;10:e0004349. 

2. Albanese F, Poli A, Millanta F, et al. 

Primary cutaneous extragenital canine 

transmissible venereal tumour with 

Leish-mania-laden neoplastic cells: a 

further suggestion of histiocytic origin? 

Vet Dermatol. 2002;13:243–246. 

3. Albuquerque A, Campino L, Cardoso L, 

et al. Evaluation of four molecular 

methods to detect Leishmania infection in 

dogs. Parasit Vectors. 2017;10:57. 

4. American Association of Equine Prac-

titioners. AAEP Infectious Disease 

Guidelines:Equine Cutaneous Leish-

maniasis. 2022. Available at https://aaep 

.org/document/equine-cutaneous-leish-

maniasis. 

5. Becvar T, Vojtkova B, Siriyasatien, et. al. 

Experimental transmission of 

Leishmania (Mundia) parasites by biting 

midges (Diptera: Ceratopogonidae). 

PLos Pathog. 2021;17(6):e1009654. 

6. Bogdan C, Schönian G, Bañuls AL, et al. 

Visceral leishmaniasis in a German child 

who had never entered a known endemic 

area: case report and review of the 

literature. Clin Infect Dis. 2001;32:302-

306. 

7. Dujardin JC, Campino L, Canavate C, et 

al. Spread of vector-borne diseases and 

neglect of leishmaniasis, Europe. Emerg 

Infect Dis. 2008;14:1013–1018. 

8. Harms G, Schönian G, Feldmeier H. 

Leishmaniasis in Germany. Emerg Infect 

Dis. 2003;9:872-875. 

9. Kaewmee S, Mano C, Phanitchakun T, et 

al. Natural infection with Leishmania 

(Mundia) martiniquensis supports 

Culicoides peregrinus (Diptera: Cerat-

opogonidae) as a potential vector of 

leishmaniasis and characterization of a 

Crithidia sp. isolated from the midges. 

Front Microbiol. 2023;14:1-17. 

10. Kegler K, Habierski, A, Hahn, H, et al. 

Vaginal canine transmissible venereal 

tumour associated with intra-tumoural 

Leishmania spp. amastigotes in an 

asymptomatic female dog. J Comp 

Pathol. 2013;149:156-161. 

11. Koehler K, Stechele M, Hetzel U, et al. 

Cutaneous leishmaniosis in a horse in 

southern Germany caused by Leishmania 

infantum. Vet Parasitol. 2002;109:9-17. 

12. Maia C, Campino L. Methods for 

diagnosis of canine leishmaniasis and 

immune response to infection. Vet 

Parasitol. 2008;158:274–287. 

13. Mauldin EA, Peters-Kennedy J. Integ-

umentary System. In: Maxie G, ed. Jubb, 

Kennedy and Palmer`s Pathology of 



283 
 

Dom-estic Animals. 6th ed. Vol 1. 

Elsevier; 2016:240. 

14. Mhadhbi M, Sassi A. Infection of the 

equine population by Leishmania para-

sites. Equine Vet J. 2020;52:28-33. 

15. Müller N, Welle M, Lobsiger L, et al. 

Occurrence of Leishmania sp. in cutan-

eous lesions of horses in Central Europe. 

Vet Parasitol. 2009;166:346-351. 

16. Petersen CA, Barr SC. Canine leish-

maniasis in North America: emerging or 

newly recognized? Vet Clin North Am 

Small Anim Pract. 2009;39(6):1065-

1074. 

17. Reuss SM. Review of equine cutaneous 

leishmaniasis: not just a foreign animal 

disease. AAEP Proceedings. 

2013;59:256-260. 

18. Serafim TD, Coutinho-Abreu IV, Dey R, 

et al. Leishmaniasis: the act of trans-

mission. Trends Parasitol. 2021;37: 976-

987. 

 

CASE II:  

 

Signalment:  

10-year-old, intact female Tennessee Walk-

ing Horse (Equus caballus) 

History:  

The patient had a history of a mass in the nose 

and troubled breathing. A mass was con-

firmed on radiographs and via endoscopic ex-

amination. 

Gross Pathology:  

The carcass was in adequate body condition 

(5.5/9). A mild creamy yellow viscous mu-

cus-like nasal discharge was present. Saggital 

sectioning of the head revealed multiple firm 

to hard cream-colored masses. In the ventral 

nasal concha there was an oval 7 cm x 4 cm 

x 2 cm mass with a linear cobblestone appear-

ance in the rostral aspect of the mass.  

 
Figure 2-1. Nasal turbinates, horse. There are  
multiple firm to hard, cream-colored masses. 
in the ventral nasal concha there was an oval 
7cm x 4 cm x 2 cm mass with a linear cobble-
stone appearance in the rostral aspect of the 
mass (Photo courtesy of: Tuskegee Univer-
sity, College of Veterinary Medicine, Depart-
ment of Pathobiology, https://www. 
tuskegee.edu/programs-courses/colleges-
schools/cvm) 

 

Invading the dorsal concha was another irreg-

ular multilobulated mass, measuring 5.5 cm x 

4 cm x 5 cm, which contained several tan to 

gray soft, rounded cyst-like fluid-filled struc-

tures. The left ethmoid turbinates contained a 

similar 5 cm x 5 cm mass. 

 

On the surface of the right caudal lung lobe 

at the caudal border, there was a 6.5 cm x 7 

cm, slightly elevated, cream-colored, gelati-

nous, irregular, focally extensive area with 

short thick projections. The surface of these 

projections had multifocal to coalescing pin-

point to 2 cm red foci, and cut section of this 

area revealed two round, semi-firm, opaque 

yellow nodules that extended 1 cm into the 

lung parenchyma. Twelve centimeters crani-

ally to the aforementioned lesion there was 

another similar (cream colored, gelatinous 

with pinpoint red discolorations) area meas-

uring 1 cm x 0.5 cm.  
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Figure 2-2. Nasal turbinates, horse. The sample 
is from an oval 7 cm x 4 cm x 2 cm mass with a 
linear cobblestone appearance. (Photo cour-
tesy of:  Tuskegee University, College of Veteri-
nary Medicine, Department of Pathobiology) 

 

Microscopic Description:  

Nasal turbinates: Infiltrating and effacing 

>90% of the nasal turbinates are multifocal to 

coalescing nodular foci of inflammation cen-

tered on myriad dematiaceous mycotic 

agents. The inflammation consists of numer-

ous macrophages with Langhans and foreign 

body type macrophages, numerous plasma 

cells, fewer lymphocytes, and random 

aggregates of neutrophils, which are sur-

rounding numerous round to oval, 30-60 µm 

spherules with a 2-3 µm clear to brown 

stained capsule. These structures are fre-

quently filled with several 3-6 µm clear to 

lightly basophilic rounded structures that are 

clustered together. The mycotic agents are 

frequently within multinucleated giant cells. 

Rarely, the organisms form 5-6 µm septate 

hyphae which were observed with Periodic 

Acid-Schiff (PAS) stain.  

 

Contributor’s Morphologic Diagnosis: 

Nasal cavity: Severe multifocal granuloma-

tous rhinitis with intralesional dematiaceous 

fungi (Phaeohyphomycosis). 

 

Contributor’s Comment:  

On macroscopic examination it was thought 

that the lesion in the nose was a neoplastic 

process; however, histologic examination re-

vealed the presence of dematiaceous (pig-

mented) mycotic agents associated with a 

granulomatous inflammatory process.  

 

Dematiaceous fungi are naturally pigmented 

molds whose hyphae and conidia contain 

melanin.2 They are ubiquitous and can be 

found in soil, plants, and organic debris.2 

Melanin is what gives the dematiaceous fungi 

their pigmentation and it is believed to con-

tribute to the organism’s ability to elude the 

host immune response.5,6 Melanin contrib-

utes to the evasion of the immune response 

by blocking the effects of hydrolytic enzymes 

on the cell wall and scavenging free radicals 

released by phagocytic cells during the oxi-

dative burst.6 There are several clinical 

presentations of dematiaceous molds, includ-

ing eumy-cetoma, chromoblastomycosis,and 

phaeohyphomycosis. Our case is an example 

of phaeohyphomycosis. 

  

Phaeohyphomycosis is an infection caused 

by dematiaceous (pigmented) fungi which 

typically affects immunocompromised indi-

viduals, but can also affect those that are im-

munocompetent.2,5 Clinically, infections 

range from superficial colonization to sys-

temic abscess formation and dissemination.6  

 
Figure 2-3. Nasal turbinate, horse. There is loss 
of normal turbinate architecture. The submu-
cosa is expanded and the lytic turbinate bone is 
largely effaced by large areas of inflammation. 
(HE, 9X) 
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The fungi can be unicellular as well as yeast-

like, but the key feature is the melanin pig-

ment which distinguishes them from other 

fungi that may have similar morphology.6 

There are many causes of phaeohyphomyco-

sis; the ones most commonly reported in eq-

uines are Alternaria sp., Dreschslera sp., and 

Curvularia sp.1  

The presence of pigmentation on histopathol-

ogy warrants a diagnosis of phaeohyphomy-

cosis. In cases with dematiaceous fungi that 

are poorly pigmented, Fontana-Masson can 

be used to accentuate the melanin.5 As with 

other mycotic agents, Periodic Acid-Schiff 

(PAS) and Grocott-Gomori methenamine sil-

ver (GMS) are common stains used to visual-

ize the agents. Culture as well as molecular 

analysis can also be used to further narrow 

the identification down to the species level.6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributing Institution:  

Tuskegee University 

College of Veterinary Medicine 

Department of Pathobiology, 

https://www.tuskegee.edu/programs-

courses/colleges-schools/cvm 

 

JPC Diagnosis: 

Nasal mucosa: Rhinitis, granulomatous, mul-

tifocal to coalescing, severe, with turbinate 

bone lysis and numerous pigmented fungal 

yeast-like cells and hyphae. 

 

JPC Comment:  

This case provides both an excellent example 

of dematiaceous fungi and a reason to revisit 

the various classifications of cutaneous fun-

gal infections, particularly in light of an ex-

cellent, recently published review article on 

the subject.3  

 

In general, cutaneous infection with oppor-

tunistic fungi presents as nodules or masses 

in the dermis and/or subcutis which may be-

come ulcerated and develop draining tracts.3  

Figure 2-4. Nasal turbinate, horse. There is marked granulomatous inflammation with multinucle-
ated foreign body macrophages against a background of fibrosis and lytic turbinate bone. (HE, 
190X) 
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Figure 2-5. Nasal turbinate, horse.  Pigmented 
hyphae and large round “yeast-like cells” are 
phagocytized by macrophages and multinucle-
ated foreign body macrophages. (HE, 381X) 

 

Histologically, fungal lesions are typically 

characterized by pyogranulomatous or gran-

ulomatous inflammation; some fungal infec-

tions may have a significant eosinophilic 

component, depending on species.3 Fungi 

generally grow as hyphae in tissue and can be 

demonstrated by  PAS and GMS stains to  

highlight histomorphologic features useful in 

narrowing differential diagnoses.3 

 

Infection with non-dermatophytic, non-di-

morphic, nonpigmented saprophytic fungi 

that  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

grow as hyphae in tissue is referred to broadly 

as hyalohyphomycosis. Note that Aspergillus 

sp., fungi of the order Mucorales, and Conid-

iobolus spp and Basidiobolus spp, the agents 

of entomophthoromycosis, while all nonpig-

mented hyphae-forming fungi, are typically 

categorized separately from general hyalohy-

phomycosis.3  

 

Phaeohyphomycosis refers to infection with 

pigmented saprophytic fungi that grow as hy-

phae and yeast-like cells in tissue. The term 

chromoblastomycosis is used for infection 

with a subset of pigmented fungi that pre-

dominately form large, round, thick-walled 

cells with prominent septations, called scle-

rotic bodies or Medlar bodies.3 While small 

numbers of hyphae may be observed in chro-

moblastomycosis, sclerotic bodies are the 

predominant fungal form in the lesion.3 Note 

that, as in this case, phaeohymphocosis may 

contain yeast-like cells; these may be differ-

entiated from the sclerotic bodies of chrom-

bolastomycosis by their thinner walls, septa-

tions in a single plane, and typical arrange-

ment in chains.3  

 

 

 

 

 

 

 

 

 

 

 

 

 



287 
 

It is unknown what factors cause a particular 

fungus to cause phaeohyphomycosis versus 

chromoblastomycosis, though most cases of 

chromoblastomycosis in veterinary medicine 

have been described in amphibians and 

horses.3 

 

Separate from the categorization of pig-

mented vs. non-pigmented fungi is the clini-

cal presentation referred to as mycetoma. A 

mycetoma is a dermal and/or subcutaneous 

nodule with three typical features: swelling, 

an exudate containing grossly apparent 

grains or granules that represent large aggre-

gates of the infectious agent, and a draining 

tract.3 Mycetomas are divided into those 

caused by bacteria (termed actinomycotic 

mycetomas) or fungi (eumycotic myceto-

mas). Eumycotic mycetomas may be further 

subdivided into black-grain eumycotic myce-

tomas and white-grain eumycotic mycetoma, 

depending on whether they are caused by pig-

mented or non-pigmented fungi, respec-

tively.3 Confusingly, eumycotic mycetoma is 

a morphologic classification that is not based 

on the inciting organism, so the same fungal 

species that may cause hyalohyphomycosis 

or phaeohyphomycosis may alternatively 

cause eumycotic mycetomas if tissue grains 

are present.3 Common representative species 

of each of the categories discussed above are 

presented in Table 2-1. 

 

 
Figure 2-6. Nasal turbinate, horse. A PAS stain 
demonstrates the fungal hyphae and yeast-
like cells within macrophages and multinucle-
ated foreign body macrophages. (PAS, 400X) 

 
Figure 2-7. Nasal turbinate, horse. A silver 
stain demonstrates the fungal hyphae and 
yeast-like cells within macrophages and mul-
tinucleated foreign body macrophages. 
(Grocott’s methenamine silver, 400X) 

 

Participants discussed the yeast-like cells 

present throughout the section and consid-

ered a diagnosis of chromoblastomycosis 

given the prominence of the yeast-like cells 

on H&E section; however, PAS staining re-

vealed numerous hyphae and participants 

noted that the yeast-like cells are frequently 

arranged in chains, making phaeohyphomy-

cosis the appropriate diagnosis. Participants 

also discussed the arrangement and character 

of the bone present in section, particularly the 

arrangement of the bone fragments perpen-

dicular to the nasal mucosa. Participants felt 

that the bony fragments represent periosteal 

new bone growth rather than lysed turbinates, 

which be oriented parallel to the mucosal sur-

face. Participants felt that the turbinates have 

been destroyed completely by this inflamma-

tory process, leaving behind only remodeling 

woven bone. The morphologic diagnosis re-

tains the emphasis on bony lysis, though, in 

the examined section, we are left with only its 

aftermath to appreciate.  
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CASE III:   

 

Signalment:  

19-year-old, Polo mare (Equus caballus) 

 

History:  

This 19-year-old Polo mare presented with a 

recent history of coughing and exercise intol-

erance.  

 

Gross Pathology:  

On endoscopy, several irregular, broad, pe-

dunculated, polypoid lesions were detected at 

the laryngeal aditus and aryepiglottic folds. 

The masses were mottled cream to red-brown 

and slightly granular.  

Microscopic Description:  

At low magnification, raised polypoid prolif-

erations of loose fibrovascular tissue covered 

by an intact, mildly hyperplastic, non-kerat-

inizing stratified squamous epithelium  

 

Figure 3-1. Larynx, horse. Endoscopy of the 
polypoid masses at the laryngeal aditus and 
aryepiglottic folds. (Photo courtesy of: Henry 
Tremaine, B&W Equine Vets, 
https://www.bwequinevets.co.uk/ 
183/henry-tremaine-eq-uine-vet-glouces-
ter/)  

expand the mucosa and submucosa. Numer-

ous spherical structures of varying size are 

randomly distributed throughout the lamina 

propria and submucosa, and are occasionally 

present within the laryngeal epithelium. 

These spherical structures represent sporan-

gia in different stages of development. Spo-

rangia are also present within submucosal 

glands that are dilated and are sometimes sur-

rounded by deposits of amorphous eosino-

philic material.  

Small juvenile, immature sporangia (tropho-

cytes) measure 10-100 μm, have a thick 

unilamellar, eosinophilic wall, and a single 

central round nucleus surrounded by granular 

amphophilic cytoplasm. Intermediate sporan-

gia are characterized by the loss of the central 

single nucleus, a size of up to 300 μm, and 

the presence of numerous punctate eosino-

philic granules. With progressing maturation, 

nuclei become more discrete 1-4 μm ovoid 

structures (prophase nuclei) and intermediate 

sporangia exhibit a mixture of punctate gran-

ules and small eosinophilic ovoid structures.4  
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Figure 3-2. Larynx, horse. The laryngeal mu-
cosa is markedly hyperplastic and thrown 
into numerous and deep folds. (HE, 12X) 

 

Mature sporangia are spherical and 

100-400 μm in diameter with a bilamellar, 

outer eosinophilic and inner amphophilic 

wall. The mature endospores are 10 μm, eo-

sinophilic to basophilic, ovoid to round struc-

tures with a cell wall and single nucleus. Of-

ten a centripetal or centrifugal zone of small 

round eosinophilic structures (germinative 

zone) and mature endospores is present 

within the mature sporangia. Multifocally, 

the mature sporangia are ruptured or release 

endospores through their operculum (pore). 

Rupture of sporangia is accompanied by in-

filtration of large numbers of neutrophils and 

fewer macrophages.  

Moderate numbers of lymphocytes and 

plasma cells and fewer neutrophils are multi-

focally present within the stroma of the lam-

ina propria and the submucosa. Multifocally, 

small numbers of neutrophils migrate into the 

overlying mucosal epithelium (exocytosis). 

A thin layer of coagulative necrosis (cautery 

artefact) is present around the margins and is 

often associated with mild multifocal oedema 

and haemorrhage. In some of the sections ex-

amined, sporangia are detected very close to 

the areas of cautery. 

 

Contributor’s Morphologic Diagnosis:  

Laryngitis, proliferative, lymphocytic, pla-

smacytic, neutrophilic, and histiocytic, mul-

tifocal to coalescing, moderate, chronic, with 

intralesional juvenile and mature sporangia 

consistent with Rhinosporidium seeberi.  

 

Contributor’s Comment:  

Rhinosporidium seeberi is a eukaryotic, hy-

drophilic organism from the Mesomycetozoa 

clade (DRIP clade) that also includes several 

fish pathogens such as Dermocystidium 

spp.11,18 Its exact phylogenetic classification 

is unclear, with some discussion as to whe-

ther it should be grouped differently. The or-

ganism is generally found in stagnant waters 

and is the causative agent of rhinosporidiosis 

in humans.11,17 In addition, rhinosporidiosis 

has been described in multiple other species, 

including cats, horses, cattle, buffaloes, dogs, 

mules, swans, and wild fowls.3,14,17 Rhinos-

poridiosis is endemic in India, Sri-Lanka, in 

parts of the Americas, and Africa.12,14,17 In 

horses, in addition to endemic areas, cases 

have also been recorded in countries traditio-

nally free of rhinosporidiosis. Those cases 

have mostly been restricted to imported ani- 

 

 
Figure 3-3. Larynx, horse. The polypoid prolif-
eration of loose connective tissue of the lar-
yngeal mucosa on subgross magnification. 
Multiple sporangia at different stages of de-
velopment are present within the submu-
cosa. The mass is covered by a hyperplastic 
epithelium (HE, 20X)(Photo courtesy of: De-
partment of Veterinary Medicine, The 
Queen's Veterinary School Hospital, Univer-
sity of Cambridge, Cambridge CB3 0ES, UK. 
https://www.vet. cam.ac.uk) 
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Figure 3-4. Larynx, horse. Juvenile sporangia 
(trophocytes) measuring ~50 μm, with a thick 
unilamellar, eosinophilic wall (black arrow), a 
single central round nucleus surrounded by 
amphophilic granular material (cytoplasm, 
asterisk). Lymphocytes and plasma cells infil-
trate the connective tissue (white arrow) (HE, 
400X)(Photo courtesy of: Department of Ve-
terinary Medicine, The Queen's Veterinary 
School Hospital, University of Cambridge. 
Cambridge CB3 0ES, UK) 

 

mals, such as four polo ponies that were im-

ported from Argentina to the United King-

dom.4,12,17 However, the potential for the di-

sease to inhabit traditionally non-endemic 

areas was highlighted by a recent report from 

Europe. In that case, a Belgian warmblood 

horse, born in Belgium, that had never left the 

country, was diagnosed with rhinosporidio-

sis.15 The source of infection remained 

unclear; however, as this organism is not con-

tagious, the case suggests that the organism 

was present in the environment in Belgium.16  

 

Due to difficulties with in vitro culturing of 

this organism, the life cycle of Rhinospori-

dium seeberi is still not fully understood.18 It 

is believed that the infective stage is the ma-

ture endospore which enters the host through 

damaged epithelium of mucous membranes, 

mostly of the nose.10,18 In the host tissue the 

endospore develops into a juvenile sporan-

gium (trophocyte) with a single central nu-

cleus. Subsequent reproduction takes place in 

intermediate sporangia via sole synchronized 

nuclear division. Cytokinesis occurs only 

once shortly before the formation of the ma-

ture sporangium. 9,13 Furthermore, it is sug-

gested that mature sporangia are capable of 

additional “de novo” production of mature, 

cell-walled endospores.9  

 

Based on the finding that only a few humans 

out of the many bathing in contaminated wa-

ter become infected with Rhinosporidium 

seeberi, an individual host susceptibility has 

been suggested. The susceptibility is assu-

med to correlated to the presence of certain 

blood groups, but this relation has not be con-

firmed.2  

 

Rhinosporidiosis most often localises in mu-

cous membranes of the head region, with the 

nostrils and conjunctivae most commonly af-

fected.1,10 In humans, infection of the throat, 

eye, ear, oropharynx, larynx, trachea, bron-

chi, and genitourinary tract are also des-

cribed.7,16 Infected tissues develop single to 

multiple, pink, multilobular, broad-based, 

granulomatous, pedunculated, non-infiltra-

tive masses. The affected mucosa is often red 

with stippled, pinpoint white granules (ma-

ture sporangia) that give the mass a mulberry-

like or strawberry-like appearance.5 The 

masses are slow growing and generally 

painless; however, irritation due to the pre-

sence of the masses can lead to sneezing, dis-

charge, and when obstructing airways, may 

result in respiratory distress.5,8 

 

In this horse, multiple polypoid masses were 

detected around the laryngeal aditus and at 

the aryepiglottic folds, resulting in coughing 

and exercise intolerance. The localisation in 

the laryngeal mucosa is rather unusual in 

horses. To our knowledge, two cases of 

equine laryngeal rhinosporidiosis have been 

described so far. In both of these cases, the 

masses were centred around the larynx, were 

surgical excised, and recurred.4,15 So far, half  
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Figure 3-5. Larynx, horse. Intermediate spo-
rangia in the lumen of a submucosal gland 
surrounded by eosinophilic material. At this 
stage of development sporangia measure up 
to 300 μm and contain numerous punctate 
eosinophilic granules or discrete 1-4 μm 
ovoid structures (prophase nuclei, black ar-
rows). (HE, 200X)(Photo courtesy of: Depart-
ment of Veterinary Medicine, The Queen's 
Veterinary School Hospital, University of 
Cambridge. Cambridge CB3 0ES, UK) 

a year after surgical excision, no recurrence 

was observed in this horse. 

 

Rhinosporidiosis remains an uncommon in-

fection that can be diagnostically challen-

ging. The diagnosis of equine rhinosporidio-

sis is based on clinical history, characteristic 

macroscopic and histopathologic appearance, 

and potentially, confirmatory polymerase 

chain reaction.4,12,15 Treatment of choice is 

surgical excision with broad, clear margins 

and electrocauterization or cryotherapy of ad-

jacent tissues4,5,15 In humans, additional ad-

ministration of dapsone is used to prevent 

maturation.10 Recurrence was reported to oc-

cur in 11% of human cases and is due to 

spreading of mature endospores.10,12 In addi-

tion, due to a long incubation period reported 

to be at least 10 months in one pony, clini-

cally inapparent animals may be transported 

from endemic areas and might shed the orga-

nism.12 Given the long incubation period, in-

creased international movement of animals, 

and climate change, rhinosporidiosis has the 

potential to be an emerging disease and to 

become endemic in areas that have traditio-

nally been free of rhinosporidiosis.  

 

Contributing Institution:  

Department of Veterinary Medicine 

The Queen's Veterinary School Hospital 

University of Cambridge.  

Cambridge CB3 0ES, UK. 

https://www.vet.cam.ac.uk 

 

JPC Diagnosis: 

Larynx: Laryngitis, proliferative, chronic-ac-

tive, diffuse, moderate, with numerous juve-

nile and mature sporangia and endospores. 

 

JPC Comment:   

The contributor provides an excellent, thor-

ough summary of Rhinosporidium seeberi in-

fection, a classic disease with a classic, virtu-

ally unmistakable histological appearance. 

As the contributor notes, the laryngeal loca-

tion is uncommon; the more typical presenta-

tion of rhinosporidiosis is a soft, pink unilat-

eral fleshy polyp, usually in the nose of a 

dog.6 

 

While the gross appearance of R. seeberi may 

be confused for a variety of inflammatory or 

neoplastic conditions, particularly when 

found in an unusual location, once under the 

microscope, R. seeberi sporangia are not his-

tologic wallflowers, but are large, striking, 

and distinctive. The juvenile sporangia are 

15-75µm in diameter, have a unilamellar, 

PAS-positive wall, and a single nucleus.6 The 

real stars, however, are the mature sporangia, 

which can grow to an astonishing 100-400 

µm, have a PAS-positive bilamellar wall, and 

contain myriad 5-10 µm endospores. The 

presence of these eye-catching sporangia in 

the histologic section of a nasal polyp is es-

sentially pathognomonic for rhinosporidio-

sis. 
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Figure 3-6. Larynx, horse. Mature sporangia 
have a bilamellar wall, are 100-400 μm in di-
ameter. A zone of small round eosinophilic 
structures (germinative zone, white arrow) 
and mature endospores (black arrow) is pre-
sent within the mature sporangia. The ma-
ture sporangia release endospores through 
their pore. The rupture of sporangia causes 
infiltration of large numbers of neutrophils 
(arrowhead). A juvenile sporangium is pre-
sent in the connective tissue. (asterisk, HE, 
200X) 

R. seeberi belongs to a class of organisms 

aptly termed endosporulators. Other en-

dosporulators of veterinary importance in-

clude Coccidioides immitis, Coccidioides po-

sadasii, Prototheca sp., Chlorella sp., and 

Batrachochytrium dendrobatidis. Of these, 

only Coccidioides is of a size and morphol-

ogy that could be confused with R. seeberi. 

Immature Coccidioides spherules, the ana-

logue to the R. seeberi sporangia, are approx-

imately 10-20 µm in diameter and grow into 

mature spherules of up to 200 µm in diameter 

filled with numerous 2-5µm endospores.6   

 

Participants struggled with tissue identifica-

tion with this slide, with most defaulting to 

nasal mucosa based on the typical location. 

Conference discussion focused largely on the 

morphologic diagnosis and how to capture 

the significant, mixed inflammatory compo-

nent of the lesion. Some participant felt 

strongly that the morphologic diagnosis 

should emphasize the extensive 

lymphohistiocytic and plasma-cytic character 

of the lesion, while others argued that the sig-

nificant neutrophilic infiltrate should also be 

included. In the end, participants decided that 

“chronic-active” implied the existnence of 

both a neutrophilic (active) component and a 

lymphohistiocytic component with marked 

hyperplasia of the mucosa (a chronic change) 

and preferred the pared down diagnosis given 

above.    
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CASE IV: 

 

Signalment:  

3-year-old, Thoroughbred filly (Equus ca-

ballus) 

 

History:  

Found dead in stall.  

 

Gross Pathology: 
Both kidneys have numerous pinpoint raised, tan 

foci with a red halo scattered throughout the renal 

cortices. 

 

Laboratory Results: 

Aerobic culture, kidney: Actinobacillus sp., 

mixed flora (Actinobacillus sp. were also iso-

lated from the liver and lung). 

 
Figure 4-1. Kidney, horse. The kidney has 
raised white foci of inflammation on the cap-
sular surface surrounded by red halos. (Photo 
courtesy of California Animal Health and 
Food Safety Laboratory San Bernardino 
Branch, https://cahfs.vetmed.ucdavis.edu/) 
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Figure 4-2. Kidney, horse. On cut section, the 
cortex has focal randomly scattered areas of 
suppurative inflammation surrounded by 
hemorrhage.  (Photo courtesy of California 
Animal Health and Food Safety Laboratory 
San Bernardino Branch) 

 

DNA sequence analysis: DNA sequencing of 

a ~600 bp region of the 16S rRNA gene iden-

tified the isolate as most closely related to Ac-

tinobacillus equuli ssp. Equuli.  

 

Microscopic Description:  

Within the renal cortical interstitium, there 

are randomly scattered, unencapsulated ag-

gregates of neutrophils (measuring up to 3 

mm in diameter), often with a central region 

of necrosis or hemorrhage, that efface the 

tubular and glomerular architecture. In some 

areas, these aggregates of neutrophils appear 

to be centered on glomeruli or blood vessels. 

There are aggregates of intra- and extravas-

cular coccobacilli associated with these neu-

trophilic infiltrates. Glomeruli have similar 

bacteria and fibrin in the capillaries. There is 

also mild tubular degeneration. Coccobacilli 

are gram-negative. 

 

Contributor’s Morphologic Diagnosis:  

Kidney: Nephritis, embolic-suppurative, 

multifocal, with intra- and extravascular 

Gram-negative coccobacilli.  

 

Contributor’s Comment: 

Actinobacillus spp. (Family: Pasteurel-

laceae) are pleomorphic, non-motile, non-

spore forming, gram-negative, rod-shaped 

bacteria characterized by their ability to grow 

on MacConkey agar, produce β-

galactosidase, and ferment carbohydrates 

without the production of gas.8 There are a 

number of Actinobacillus species of signifi-

cance within veterinary medicine, including 

A. lignieresii (causative agent of wooden 

tongue in cattle), A. pleuropneumoniae (caus-

ative agent of porcine contagious pleuro-

pneumonia in pigs), A. suis (cause of septice-

mia in pigs), A. capsulatus (cause of joint dis-

ease in rabbits), and A. seminis (cause of epi-

didymitis in rams).8 As with many patho-

genic bacteria within the family Pasteurel-

laceae, Actinobacillus often produce repeats-

in-toxin (RTX) toxins, which are typically 

hemolytic and cytotoxic.3 

In horses, Actinobacillus are common com-

mensals and can be isolated from the gastro-

intestinal, respiratory, and urogenital tracts of 

healthy animals.4 Actinobacillus spp. isolated 

from horses include: A. equuli ssp. equuli, A. 

equuli ssp. haemolyticus,  A. arthritidis, A. 

lignieresii, A. suis,  and A. pleuropneu-

moniae. Of these, A. equuli ssp. equuli and A. 

equuli ssp. haemolyticus are isolated most 

frequently from horses. These subspecies are 

differentiated based on the presence or ab-

sence of an RTX toxin, A. equuli toxin (or 

Aqx), encoded on the aqx gene.3,8 

 
Figure 4-3. Kidney, horse. There are ran-
domly scattered foci of inflammation within 
the cortex and medulla. (HE, 6X) 

 

 



295 
 

 
Figure 4-4. Kidney, horse. Glomerular capil-
laries contain colonies of coccobacilli. (HE, 
317X) 

 

Actinobacillus equuli ssp. equuli is typically 

carried in the oral cavity and alimentary tract 

of juvenile and adult horses and is primarily 

associated with septicemia in neonatal foals 

(often referred to as “sleepy foal disease”).4,8 

There are also reports of A. equuli-associated 

peritonitis and septicemia in adult horses, 

with gross and microscopic lesions similar to 

those described in foals.4-7,9 Predisposing fac-

tors for “sleepy foal disease” include failure 

of passive transfer and concurrent bacte-

rial/viral infections.4 

 

Similarly, actinobacillosis in adult horses can 

be associated with stress (such as shipping) 

and concurrent bacterial/viral infections; 

there is, however, evidence that A. equuli can 

act as a primary pathogen in horses in the ab-

sence of stress/concurrent disease.4 

Typical light microscopic findings of A. 

equuli infection include: suppurative embolic 

nephritis, suppurative embolic pneumonia, 

multifocal suppurative hepatitis, lymphoid 

necrosis, suppurative oomphalitis, and sup-

purative meningoencephalitis. A. equuli is 

zoonotic with sporadic reports of disease in 

people.1 

 

 

Contributing Institution:  

California Animal Health and Food Safety 

Laboratory (San Bernardino Branch) 

https://cahfs.vetmed.ucdavis.edu/ 

JPC Diagnoses: 

Kidney: Nephritis, suppurative, embolic, 

with numerous large colonies of bacilli. 

 

JPC Comment:   

This case is an excellent example of suppura-

tive embolic nephritis, in which septic emboli 

lodge in glomerular and peritubular capillar-

ies and produce variably sized abscesses, pri-

marily in the renal cortex.2 In horses, Actin-

bacillus equuli is the most common cause of 

embolic suppurative nephritis, generally seen 

in neonatal foals after acquiring the infection 

in uetero, during parturition, or shortly after 

birth via the umbilicus.2 

 

As the contributor notes, there are two sub-

species of A. equuli that differ based on the 

presence of absence of an RTX toxin. A. 

equuli subspecies haemolyticus produces 

Aqx, an RTX toxin similar to the leukotoxins 

and hemolysins produced by related Pas-

teurellaceae such as Mannheimia haemolyt-

ica, A. pleuropneumonia, A. suis, and hemo-

lytic E. coli.4 The Aqx toxin is highly cyto 

 

 
Figure 4-5. Kidney, horse. Coccobacilli within 
glomerular capillaries are gram-negative. 
(Gram, 400X) 
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lytic to equine erythrocytes and lymphocytes, 

and has less virulent lytic activity against the 

same cells in pigs.  

 

The vast majority of A. equuli septicemia 

cases are cause by A. equuli subspecies 

equuli, which does not produce the Aqx 

toxin, indicating that other virulence factors 

likely play the key roles in neonatal septice-

mic actinobacillosis.4 

Like any self-respecting gram-negative bac-

terium, A. equuli subspecies equuli is armed 

with endotoxin which, upon the destruction 

of the bacterium, damages endothelium and 

causes the vasculitis and bacterial emboli that 

are characteristic of septicemic actinobacillo-

sis.4 As illustrated in this case, a particular 

quirk of equine actinbacillosis is the presence 

of large bacterial colonies present in affected 

vessels, unlike other gram-negative bacteria 

which do not form such obvious intravascular 

aggregates.4 This has led to speculation that 

A. equuli subspecies equuli may express an 

adhesion for endothelium. Unfortunately, 

other than the well-characterized Aqx toxin 

present in A. equuli subspecies haemolyticus, 

little is definitively known about the viru-

lence factors that enable the spectacular le-

sions of equine actinobacillosis.4 

 

Conference discussion focused initially on 

the age of the animal since, as noted above, 

A. equuli embolic nephritis is typically a dis-

ease of neonatal foals. The moderator noted 

reports of this presentation in non-stressed, 

non-immunocompromised adult animals and 

reminded residents to think broadly about 

differential diagnoses, even when the signal-

ment isn’t a perfect fit. The moderator led 

conference participants in a discussion other 

famous Actinobacillus species of veterinary 

importance, including the species noted 

above by the contributor. Finally, participants 

discussed the presence of bacterial colonies 

within glomeruli and whether this would con-

stitute glomerulonephritis. Participants felt  

 
Figure 4-6. Kidney, horse. Glomerular capil-
laries contain colonies of coccobacilli. (HE, 
317X) 

 

that, since the pathogeneses behind the estab-

lished categories of glomerulonephritis 

(membranoproliferative, membranous, etc.) 

did not pertain to a suppurative embolic ne-

phritis, the term glomerulonephritis was in-

appropriate. Glomerulitis would be a more 

appropriate term; however, since suppurative 

inflammation was present within the glomer-

uli, tubules, and interstitium, the preferred 

morphologic diagnosis is the all-inclusive 

term “nephritis.”  
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WSC 2023-2024 

Conference 14 Self-Assessment 

1. Which of the following is NOT a disease pattern of leishmaniasis?   

a. Mucocutaneous leishmaniasis 

b. Hematopoietic leishmaniasis 

c. Visceral leishmaniasis 

d. Cutaneous leishmaniasis 

 

 

2. Which of the following stains is best to visualize Leishmania amastigotes? 

a. Giemsa 

b. Grocott 

c. Toluidine blue 

d. Gram 

 

3. Which of the following is a virulence factor in dematiaceous fungi? 

a. Lysozyme 

b. Melanin 

c. Phospholipase A 

d. Ferrochelatase 

 

4. Rhinosporidium seeberi is most closely related to which of the following fish patho-

gens? 

 

a. Epitheliocystis 

b. Ichthyophonus 

c. Icthyophthirius multifillis 

d. Dermocystidium 

 

5. True or false:  Actinobacillus equuli subsp.  is a normal inhabitant of the gastrointesti-

nal tract of horses. 

       a.  True 

       b.  False 
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CASE I:   

 

Signalment:  

Four-year-old, male neutered Pygmy goat 

(Capra aegagrus hircus) 

History:  

This pygmy goat was presented to the Royal 

Veterinary College Farm Animal Hospital for 

further evaluation and possible treatment of 

an oral mass. Computed tomography (CT) of 

the head identified severe bony enlargement 

of the rostral aspect of both mandibles with 

destructive and lytic bony changes from the 

rostral margins of the mandible up to the first 

premolar bilaterally. Moderate soft tissue 

swelling surrounded the misshaped mandi-

bles. The 402, 403, and 404 teeth were miss-

ing and the remaining incisors were displaced 

laterally. Surgical options were discussed 

with the owner but due to the extent of the 

lesion and the complexity of the surgical ap-

proach, the owner elected to euthanise the an-

imal.  

 

Gross Pathology:  

Arising from the rostral mandible predomi-

nantly to the right of midline is a prolifera-

tive, dark red, moderately soft mass measur-

ing 8x3x2.5cm with a bleeding surface. On 

sectioning, the mass is grey and solid. The 

mass displaces the five remaining incisors 

over to the left side and all the incisors are 

loose. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Mandible, goat. Arising from the 
rostral mandible, predominantly to the right 
of midline, is a dark, red mass measuring 
8x3x2.5 cm. (Photo courtesy of: Dept of 
Pathobiology & Population Sciences, The 
Royal Veterinary College, 
https://www.rvc.ac.uk/pathology-and-diag-
nostic-laboratories) 

 

Microscopic Description:  

Rostral mandibular mass: Arising within the 

mandibular bone is an unencapsulated, mod-

erately well demarcated, expansile, mul-

tinodular neoplasm which raises the contour 

of the gingival epithelium. The mass is com-

posed of abundant multinucleated giant cells 

interspersed with a dense population of spin-

dle shaped cells in a fibrovascular stroma. 

Each cell type represents approximately 50% 

of the cellular population in the section. The 

giant cells have well demarcated borders with 

abundant eosinophilic cytoplasm that con-

tains varying numbers of microvacuoles, and 

between two and ten nuclei which are ran-

domly distributed in the centre of the cell and  
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Figure 1-2. Mandible, goat. The mass dis-
places the five remaining incisors over to the 
left side and all incisors are loose. (Photo 
courtesy of: Pathobiology & Population Sci-
ences, The Royal Veterinary College)  

 

have finely stippled chromatin. The spindle-

shaped cells are poorly defined with a mod-

erate amount of eosinophilic fibrillar cyto-

plasm, elongate nuclei, and finely clumped 

chromatin. There is mild anisokaryosis and 

anisocytosis of both cellular populations. 

There are four mitoses detected in 10 HPF’s 

(x400), three of which are bizarre mitoses. At 

the periphery of the neoplasm, there is frag-

mentation and necrosis of the mandibular 

bone and hyperplasia of osteoblasts. Occa-

sional giant cells contain multiple pyknotic 

nuclei (apoptosis or individual cell necrosis). 

Multifocally, macrophages contain yellow to 

brown, globular pigment (haemosidero-

phages). The overlying gingival epithelium 

exhibits mild hyperplasia. 

 

Contributor’s Morphologic Diagnosis:  

Mandible: Central giant cell granuloma (ag-

gressive form). 

Contributor’s Comment: 

Differential diagnoses for masses arising in 

the jaw which contain numerous giant cells 

include giant cell granulomas of the jaws, os-

teosarcoma (giant cell variant), osseous fi-

broma, or low grade spindle cell sarcoma 

with giant cells. The density of the giant cell 

population and the lack of osteoid or miner-

alized matrix is not consistent with the latter 

three differentials in this case.  

 

Giant cell granulomas of the jaws are cur-

rently differentiated based on location into 

peripheral or central giant cell granulomas.10 

Peripheral giant cell granuloma (PGCG, pre-

viously known as giant cell epulis, peripheral 

giant cell tumor, osteoclastoma, reparatory 

giant cell granuloma, and giant cell hyper-

plasia of the oral mucosa) is a reactive and 

non-neoplastic gingival lesion that clinically 

presents as a soft to firm, polypoid or nodular 

lesion on the gingiva and alveolar ridge and 

is believed to originate from the periosteum 

or periodontal ligament.1,5,6, 9, 10 There is min-

imal bone lysis associated with PGCG. These 

lesions, along with pyogenic granuloma and 

fibrous hyperplasia, are the most common re-

active hyperplastic lesions in the oral cavity 

and have been described in humans, dogs, 

and cats.1-3,6,11  

 

Central giant cell granuloma (CGCG), on the 

other hand, is a rare benign, non-metastatic, 

intraosseous lesion which is further subdi-

vided into non-aggressive and aggressive 

forms based on its biological behavior. The 

  

 
Figure 1-3. Mandible, goat. Computed to-
mography (CT) of the head identified severe 
bony enlargement of the rostral aspect of 
both mandibles with destructive and lytic 
bony changes from the rostral margins of the 
mandible up to the first premolar bilaterally 
(Photo courtesy of: Pathobiology & Popula-
tion Sciences, The Royal Veterinary College) 
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former is associated with asymptomatic 

swelling and the latter associated with pain,  

cortical bone destruction, tooth root resorp-

tion, displacement of teeth, and a high recur-

rence rate.7 Histologically, peripheral and 

central giant cell granulomas are character-

ized by variable numbers of multinucleated 

giant cells intermixed with a dense popula-

tion of mononuclear spindle-shaped cells and 

variable amounts of collagenous matrix; 

however, CGCG may exhibit more foci of 

haemorrhage and occasional trabeculae of 

woven bone compared to PGCG.7 Some in-

vestigators consider CGCG to be a variant of 

giant cell tumor of bone, which arise in the 

ends of long bones, and prefer the term ‘giant 

cell lesion’ with no distinction of granu-

loma.6,11 One report in the literature describes 

a case of ‘giant cell tumour’ within the caudal 

mandible of a goat which also involved the 

temporomandibular joint.4 CGCG in humans 

shows a female predilection (2:1) and is more 

common in the mandible than maxilla.1 

CGCG can also affect extragnathic bones, 

mainly in the craniofacial region.10  

 

In this case, given the intraosseous location 

of the mass, the presence of osteolysis, dis-

placement of the incisor teeth, and the lack of 

mineralized and osteoid matrix, a diagnosis 

  

 
Figure 1-4. Mandible, goat. One section of a 
mass effacing the normal architecture of the 
mandible is submitted for examination. The 
mass is covered by an intact and slightly hy-
perplastic mucosa. (HE, 5X) 

 
Figure 1-5. Mandible, goat. Higher magnifica-
tion of the effacement of cortical bone by the 
mass. (HE, 18X) 

 

of aggressive central giant cell granuloma 

was made.  

 

The pathogenesis of CGCG is poorly under-

stood and there is still dispute over whether 

this is a neoplastic or reactive lesion.7 Giant 

cells within giant cell granulomas are thought 

to arise from osteoclasts and positive histo-

chemical staining for tartrate-resistant acid 

phosphatase (TRAP), which is an enzyme 

unique to osteoclasts, and receptor activator 

of nuclear factor kappa B (RANK), which 

regulates osteoclast differentiation and acti-

vation, supports an osteoclastic origin for 

these masses.2,3   

 

Contributing Institution:  

Pathobiology & Population Sciences 

The Royal Veterinary College 

Hawkshead Lane, North Mymms 

Hertfordshire, UK 

https://www.rvc.ac.uk/ 

 

JPC Diagnosis: 

Jaw: Giant cell tumor of bone. 

 

JPC Comment:   

The contributor provides an excellent over-

view of central giant cell granuloma 

(CGCG), an entity that is well-described in 

human literature. The World Health Organi-

zation defines CGCG in humans as “an in-

traosseous lesion consisting of cellular fi-

brous tissue containing multiple foci of  
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hemorrhage, aggregations of multinucleated 

giant cells, and, occasionally, trabeculae of 

woven bone.”7 While this is an apt descrip-

tion of the examined sections in this case, it 

could well describe several other types of 

bone tumors with a giant cell component, and 

differentiating among these entities remains 

challenging. 

 

Given the paucity of reported veterinary 

cases, much of what is “known” about this tu-

mor in veterinary species is extrapolated 

from human literature. Even within the hu-

man literature, CGCG remains a contentious 

entity as the pathogenesis is unknown and ex-

perts disagree on fundamental issues, such as 

whether CGCG is neoplastic or reactive, or 

whether the lesion is a single neoplastic le-

sion or a mix of neoplastic and reparative pro-

cesses.7 Many researchers also believe this 

entity is simply a giant cell tumor of bone in 

an uncommon location. What is fairly clear, 

however, is that the term “granuloma” is a 

misnomer, as the multinucleated giant cells 

are osteoclastic rather than macrophagic, as 

would be expected in a true granuloma.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The biologic behavoir of CGCG is difficult to 

predict. When surgical resection is elected, 

reported recurrence rates in humans vary be-

tween 11 and 49%.7 The most consistent 

gross lesion present in aggressive CGCG is 

perforation of cortical bone; however, despite 

investigating myriad histologic parameters, 

no studies have identified reliable histologic 

features that can predict the course of dis-

ease.7 

 

As an interesting side note, a key differential 

for CGCG in human medicine is cherubism, 

an autosomal dominant disorder character-

ized by bilateral expansion of the mandible 

and/or the maxilla which appears in the first 

few years of life.7 The dysplastic fibrous tis-

sue of the mandible and/or maxilla can ex-

tend into the orbital floor and is often accom-

panied by swelling of the submandibular 

lymph nodes. These changes cause a charac-

teristic upward tilting of the eyes and fullness 

of the face, resulting in the cherubic expres-

sion that gives the condition its name.12 

Cherubism is yet another non-neplastic fi-

brotic lesion confined to the jaws that cannot 

Figure 1-6. Mandible, goat. High magnification of the neoplastic cells composing the mass.  Multi-
nucleated cells are common. (HE, 147X) 
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be distinguished from other giant cell lesions 

of bone by histology alone.12  

 

This week’s conference was moderated by 

Dr. Linden Craig, Professor of Anatomic Pa-

thology at the University of Tennessee Col-

lege of Veterinary Medicine. Conference dis-

cussion began with a discussion of the bony 

features present in the examined section, fol-

lowed by a discussion of basic definitional 

terms. Mature bone is divided into compact 

(also called cortical) and cancellous (also 

called spongy) varieties. The collagen in 

compact bone is typically oriented into a 

strong parallel, lamellar arrangement that is 

organized into osteons, and this dense, com-

pact bone is typically present on the periph-

eral or exterior portion of the bone. The col-

lagen in cancellous bone is less dense than 

compact bone, with collagen organized into 

trabeculae which create cavities that may 

contain bone marrow. Bone can also be cate-

gorized as lamellar or woven, with the former 

being characterized by mature, organized 

collagen and the later characterized by more 

immature, haphazardly arranged collagen fi-

bers. Woven bone represent early osteogene-

sis and will typically be remodeled and re-

placed by lamellar bone as it matures. Woven 

bone can be easily distinguished from lamel-

lar bone by the use of polarized light, which 

highlights the degree of collagen organiza-

tion present in the tissue. 

 

Dr. Craig discussed other entities character-

ized by giant cells, including giant cell tumor 

of soft parts, giant cell osteosarcoma, periph-

eral giant cell granuloma, and ethmoid hema-

tomas. Participants discussed the differences 

between these entities and how the line be-

tween reactive and neoplastic seems particu-

larly porous with these entities. Participants 

noted that “central giant cell granuloma” ap-

pears to be a human entity that is rarely diag-

nosed in veterinary medicine. Though typi-

cally occurring in the long bones and digits, 

participants favored a diagnosis of giant cell 

tumor of bone, a well-described veterinary 

entity with a histologic appearance identical 

to the examined tissue.  
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CASE II:  

 

Signalment:  

40-day-old male Cobb broilers (Gallus gallus 

domesticus) 

 

History:  

Two male 40-day-old Cobb broilers from a 

commercial farm in Victoria were submitted 

for necropsy and diagnostic work up follow-

ing euthanasia by cervical dislocation. The 

farm was culling 200 birds per shed (approx-

imately 0.5% of birds) at the time. The sub-

mitting veterinarian reported that the birds 

have normal mentation but have paresis or 

paralysis and a characteristic posture, sitting 

back on their hocks with legs extended in 

front of them and wing walking. Post mortem 

examination of one bird by the submitting 

veterinarian showed a small bursa and femo-

ral head necrosis.  

 

 

 

 
Figure 2-1. Vertebral column, chicken. At T4-
T5, there is an  abscess, pathologic fracture  
of the vertebral body, and compression of 
the spinal cord.  (Photo courtesy of: 
Department of Veterinary Biosciences and 
Australian Pacific Centre for Animal Health, 
Melbourne Veterinary School, The University 
of Mel-bourne, Werribee, Victoria, Australia; 
and Inghams Enterprises, Victoria, Australia, 
unimelb.edu.au) 

 

Gross Pathology:  

Both birds examined were well-preserved 

and in good body condition. The free thoracic 

vertebra was expanded and effaced by a yel-

low-tan multinodular mass that appeared to 

be inflammatory, associated with a presuma-

bly pathologic fracture, and to focally and se-

verely compress the spinal cord. The bisected 

T4-T5 vertebral sections of both subjects re-

vealed focal red discolouration of the hypax-

ial muscles surrounding the cord compres-

sion focus. The left femoral head was dif-

fusely, markedly red on the articular surface 

and appeared enlarged compared to the right 

in both birds. There was some soiling (brown, 

soft material) of the vent of one bird. The 

bursa and other organs, including other ver-

tebrae examined, showed no noteworthy 

changes grossly. 

 

Laboratory Results:  

Aerobic culture (vertebral abscess swabs) 

yielded a lightly contaminated growth, with 

Enterococcus cecorum isolated as the pre-

dominant organism.  
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Microscopic Description:  

Histologically, the femur, bursa, and other or-

gans apart from the free thoracic vertebra 

(FTV) showed no noteworthy changes. In 

both birds,  covering over 70% of the sagittal 

plane examined, the architecture of the verte-

bral bodies of T4/T5 was largely obliterated 

and replaced by extensive multinodular cal-

lus formation. The spinal cord was severely 

compressed at this level by the callus. There 

was mild to moderate Wallerian degeneration 

characterised by vacuolation of the adjacent 

white matter, with spheroids, degenerate 

macrophages, or axonal debris noted in some 

vacuoles, these changes interpreted as con-

firming that the compression was real, as op-

posed to a plane of section artifact. Within the 

vertebra, there was extensive necrosis, oste-

olysis, oedema, fibrin deposition, haemor-

rhage and moderate infiltration by hetero-

phils, histiocytes, lymphocytes, and plasma 

cells. Multifocally within these areas of ne-

crosis and remodelling there were large  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

numbers of small monomorphic bacterial ag-

gregates (mainly cocci). On Gram stained 

sections, these were shown to be gram posi-

tive cocci. 

Contributor’s Morphologic Diagnosis: 

T4/T5 vertebrae: Spondylitis, severe, hetero-

philic, lymphoplasmacytic, haemorrhagic, 

necrotising with extensive remodelling, path-

ologic fracture, callus formation and focal 

spinal cord compression. 

 

Contributor’s Comment:  

The colloquial term “kinky back” is occa-

sionally used in practice to refer to Entero-

coccal spondylitis of the T4/T5 vertebrae. 

Enterococcus cecorum is a gram-positive en-

teric commensal of poultry; however, strains 

of E. cecorum causing outbreaks have signif-

icantly smaller genomes than commensal E. 

cecorum.1 Pathogenic E. cecorum has also 

been reported to cause disease in Pekin  

Figure 2-2. T4-T5 vertebrae, chicken. There is fracture of the vertebral body with a focal hetero-
philic granuloma, compression of the spinal cord, and callus formation with abundant production 
of cartilaginous matrix.  (HE, 5X) 
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Figure 2-3. T4-T5 vertebrae, chicken. Higher 
magnification of the heterophilic granuloma 
and callus causing spinal cord compression. 
(HE, 13X) 

 

ducklings and pigeons. The posture of the 

broilers (sitting back on their hocks) is char-

acteristic, although not pathognomonic of 

this condition. Wing walking is used for lo-

comotion, and this also limits their access to 

food. An interesting feature of this condition 

is the characteristic lesion localisation at the 

free thoracic vertebra (FTV). The FTV has 

greater weight-bearing articulations com-

pared to the adjacent notarium and synsa-

crum, potentially predisposing it to infection 

with pathogenic E. cecorum.  

 

Another condition that is also referred to as 

“kinky back” is spondylolisthesis caused by 

subluxation of the fourth thoracic vertebra 

(T4). Ventral displacement of the cranial end 

of T4 also results in compression of the spinal 

cord via narrowing of the vertebral canal 

(dorsal projection of its posterior extremity). 

The aetiology of spondylolisthesis is primar-

ily genetic, as opposed to bacterial as is the 

case for enterococcal spondylitis, but the oc-

currence is influenced by increased growth 

rate. 

 

Contributing Institution:  

Department of Veterinary Biosciences and 

Australian Pacific Centre for Animal Health 

Melbourne Veterinary School 

The University of Melbourne 

Werribee, Victoria, Australia 

unimelb.edu.au 

 

JPC Diagnosis: 

Vertebrae: Spondylitis, necrotizing, focally 

extensive, severe, with pathologic fracture, 

callus, and focal spinal cord compression.  

 

JPC Comment:  

This case provides an excellent example of a 

classic entity of poultry. As the contributor 

notes, one of the curiosities of Enterococcal 

spondylitis (ES) is its tropism for the free tho-

racic vertebra (FTV). Cranial to the FTV, the 

thoracic vertebrae are fused into the notarium 

via synchondrosis rather than with synovial 

articulations and intervertebral discs, as in 

mammals.1 Caudal to the FTV, the caudal 

thoracic vertebrae, lumbosacral vertebrae, 

and the pelvic bones are similary fused into 

the synsacrum, leaving the FTV as the only 

vertebra in the thoracolumbar column to have 

weight bearing articulations.1 This anatomic 

oddity places substantial mechanical stress 

on the FTV as it transfers body weight to the 

hips and hind limb, perhaps predisposing the 

FTV to injury and to subsequent infection 

with pathogenic Enterococcus cecorum.1 

 

By the time clinical signs are evident, typi-

cally in weeks 4-6 of life, spinal lesions are 

already well developed, with histologic evi-

dence of chronic infection.1 A recent study 

evaluated lesion development in ES during 

  

 
Figure 2-4. T4-T5 vertebrae, chicken. High 
magnification of the heterophilic granuloma 
with incorporated necrotic bone. (HE, 13X) 
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the first four weeks of life, when affected 

chickens are incubating subclinical disease. 

The study found that the first step in the de-

velopment of ES is the colonization of the gut 

by pathogenic E. cecorum species within the 

first week of life. This is in contrast to com-

mensal E. cecorum, which arrives in the 

chicken gut around 3 weeks of age. The au-

thors speculate that the ability to colonize the 

gut early in life may be a key virulence event, 

conveying a competitive advantage that al-

lows pathogenic bacteria to disseminate 

throughout a flock.1 

 

A second likely step in ES pathogenesis is the 

development of osteochondrosis dissecans 

(OCD) lesions in the FTV.1  OCD lesions 

progress through a stereotypical sequence, 

thought to be initiated and driven by vascular 

disturbances or increased type II collagen 

production.2 The earliest changes observable 

in the cartilage consist of a poorly defined fo-

cus of eosinophilia and hypocellularity in the 

articular cartilage, termed osteochondrosis 

latens, which may extend to the subchondral 

bone.1,2 These areas may remain stable, or 

may progress to osteochondrosis manifesta, 

characterized by areas of cartilage retention 

in the ossification zone.1 Finally, fully-

fledged OCD lesions are characterized by 

clefts in the hyaline cartilage which may 

communicate with the joint space or extend 

into subchondral bone.1,2 
 

Large cartilaginous clefts are the hallmark le-

sion of OCD and are readily identifiable in 

affected birds as early as 1 week of age; these 

clefts are variably filled with fibrin, erythro-

cytes, and, in some birds, bacterial cocci con-

sistent with E. cecorum.1 These lesions pro-

gress over the next two weeks with an influx 

of heterophilic and histiocytic inflammation 

targeting these cocci-filled cartilaginous 

clefts.1 Continued progression leads to the 

bone remodeling and spinal cord  

 

 
Figure 2-5. Thoracic spinal cord, chicken.   
There is Wallerian degeneration of the spinal 
cord at the area of compression with edema, 
dilation of myelin sheaths, and spheroid for-
mation.  (HE, 189X) 

 

compression that comprise the stereotypical 

ES lesion.1  

It remains unclear why cartilage clefting pre-

disposes chickens to ES lesions. One theory 

is that hemorrhage into the cartilage clefts in-

troduces bacteremic, pathogenic E. cecorum 

to the site of injury and, once there, the devi-

talized cartilage provides a favorable niche 

for bacterial persistence and proliferation. 

Whatever the reason, the unique anatomic 

features of the weight-bearing FTV, which 

articulates through epiphyseal cartilage with-

out the benefit of joint capsules or interverte-

bral discs, makes it uniquely susceptible to 

trauma, and the FTV is the only location 

within the vertebral column where OCD le-

sions and subsequent E. cecorum coloniza-

tion occur.1  

 

Dr. Craig discussed the alternating layers of 

bacteria and cartilage within the lesion. These 

layers provide histologic support for the tidy 

pathogenic narrative discussed above. With-

out engaging in excessive flights of fancy, it 

is easy to imagine the successive rounds of 

cartilage clefting and bacterial colonization 

that result in this spectacular ES lesion. Dr. 

Craig also noted several basophilic, circular 

areas within the tissue that represent residual 

mineral left over from the decalcification 

process. These artifacts can be misinterpreted 

as mast cells, macrophages, or other 
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histologic features, and can be avoided by co-

pious rinsing of tissue after decalcification 

and prior to further processing. 

 

Discussion of the morphologic diagnosis fo-

cused initially on whether to include the var-

ious inflammatory cells present in the lesion. 

Conference participants felt that the chronic 

nature of the lesion, evidenced by callous for-

mation, implied the existence of a chronic in-

flammatory infiltrate and made the inclusion 

of this histologic feature superfluous. Par-

tipants also decided to omit the bacterial 

cocci which, while confirmed with Gram 

stain, were not convincingly evident to all 

participants based on H&E evaluation alone.  
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Figure 3-1. Tibia and tarsus, dog. A hard mass 
surrounds the hock joint and involves the tar-
sal and metatarsal bones. (Photo courtesy of: 
the Department of Pathology, University of 
Guelph). 

 

 

 

 
Figure 3-2. Long bone, dog. The cortical and 
medullary architecture is effaced by a large 
infiltrative mass. (HE, 6X) 

 

CASE III:   

 

Signalment:  

4-year-old, female spayed Standard poodle 

dog (Canis familiaris) 

 

History:  

A pilomatrixoma was excised from this ani-

mal’s tail base two years prior to presentation 

for non-weight bearing lameness on the right 

pelvic limb. Polyostotic aggressive bone le-

sions were seen on survey radiography. Stag-

ing identified pulmonary nodules. 

 

Gross Pathology:  

The right hock is circumferentially expanded 

by a hard, round mass. There is a mass in-

volving the tarsal bones and the metatarsals.  

There is marked periosteal new bone for-

mation of the distal tibia. There are multiple 

1-5 cm nodules throughout the lungs. 

 

Microscopic Description:  

This sample has remnants of normal bone and 

bony trabeculae of the subchondral/epiphys-

eal regions. There is a small amount of artic-

ular cartilage, some joint space and joint cap-

sule, and opposing bone across and around 

the joint space. Much of the cortical and tra-

becular bone is missing and the  
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intertrabecular spaces are filled with sheets of 

hyperchromatic cells with focal areas of ker-

atin formation. There is some periosteal new 

bone formation at the edge of the cortical 

bone and some endosteal new bone for-

mation, but about 90% of this sample is neo-

plastic tissue. Neoplastic cells form nodules, 

clusters, and streams of cells that completely 

fill the intertrabecular spaces. There are some 

bands of fibrous tissue throughout the lesion. 

In the centre of nodules and clusters are small 

hyperchromatic cells similar to those on the 

periphery and in some, the central cells have 

more cytoplasm. In many, the cytoplasm is 

vacuolated. In occasional focal areas there is 

keratinization with dense keratin and the 

ghostlike nuclear outline of matricial keratin-

ization. About 10% of this mass is necrotic. 

 

Contributor’s Morphologic Diagnoses:  

Metastatic pilomatrixoma to bone with exten-

sive bony lysis and periosteal and endosteal 

new bone formation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributor’s Comment:  

The appearance of the cells within the bone 

and similar appearing cells in the lung (not  

provided) with keratinization of the matricial 

type is typical of metastasis of pilomatrix-

oma. It is rare for pilomatrixoma to metasta-

size, but when they do, previous reports indi-

cate metastasis to the bone is common. 

 

Contributing Institution:  

Department of Pathobiology 

Ontario Veterinary College 

University of Guelph 

Guelph, Ontario,Canada 

 

JPC Diagnosis: 

Bone: Metastatic pilomatricoma. 

 

JPC Comment:   

Pilomatricoma (also known as pilomatrix-

oma) is an adnexal neoplasm that arises from 

the germinative cells of the follicular matrix, 

or hair bulb, and is reported mainly in dogs 

and humans.1,8 Pilomatricomas are diagnosed 

most commonly in 4-8 year-old dogs, and  

Figure 3-3. Long bone, dog. The neoplasm is composed of small polygonal densely-packed epithe-
lial cells arranged in nests and packets. Remodeling periosteal bone is at center, top. (HE, 177X) 
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Kerry Blue Terriers, Soft Coated Wheaten 

Terriers, Standard Poodles, and other breeds 

with continuously growing hair coats are 

overrepresented in the patient pool, likely be-

cause the high number of anagen hair folli-

cles, and their attendant replicating cells, pro-

vide fertile soil for neoplastic transfor-

mation.1 

 

Consistent with their follicular origin, pi-

lomatricomas typically present as intrader-

mal or subcutaneous masses composed of 

one or more lobules separated by collagenous 

stroma.3 The lobules contain a peripheral 

zone of basophilic cells with hyperchromatic 

nuclei, a high N:C ratio, and a moderate to 

high number of mitotic figures.3 The neo-

plastic cells exhibit an abrupt transition to a 

central zone of ghost cells which often con-

tain significant accumulations of melanin.3 

 

As the contributor notes, most pilomatrico-

mas exhibit benign, non-metastatic biologic 

behavior and excision with wide surgical 

margins is typically curative.3 Malignant  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pilomatricoma is typically differentiated 

from its  bengin counterpart by being poorly 

circumscribed, less differentiated, anaplastic, 

infiltrative, rapidly or erratically growing, 

and, definitially, metastatic.1,3 Metastatic pi-

lomatricoma has been reported in various or-

gans, including lymph nodes, lungs, bone, 

and skin; metastasis to the liver and spleen is 

less common.1,8 Despite the variety of re-

ported metastatic sites, malignant pilomatri-

coma seems predisposed to metastasize to 

bone, with metastasis reported in vertebrae, 

ribs, the mandible, maxilla, and femur.1  

 

The primary differential for primary or meta-

static malignant pilomatricoma is malignant 

trichoepithelioma, a follicular neoplasm with 

differentiation to all three segments of the 

hair follicle.3 Differentiating between these 

two neoplasms can be difficult, but malignant 

trichoepitheliomas have tricohyaline gran-

ules and prominent inner and outer root 

sheath differentiation, along with smaller ep-

ithelial aggregates, fewer matrical cells, and 

fewer ghost cells.1,3 

Figure 3-4. Long bone, dog. There are numerous foci of abrupt keratinization of neoplastic cells.  
(HE, 314X) 
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The moderator began discussion by noting 

the palisading layer of cells around the pe-

riphery of the neoplastic trabeculae, the first 

clue that this neoplasm is of epithelial origin. 

Dr. Craig also noted that the islands of ghost 

cells can be easily mistaken for necrotic bone 

with empty lacunae without careful examina-

tion. Dr. Craig, a self-described breed predis-

position enthusiast, noted that Bassett 

Hounds are predisposed to pilomatricomas 

generally and since pilomatricomas often me-

tastasize to bone, metastatic pilomatricoma 

should be on the differential list for lameness 

in this breed. As an additional breed-related 

curiosity, Dr. Craig noted that large breed 

black dogs, such as the Standard Poodle, Gi-

ant Schnauzer, Bouvier des Flanders, and 

others, unrelated except for size and color, 

are predisposed to multiple digital squamous 

cell carcinomas.  

 

The moderator lead a more general discus-

sion of carcinomas within bone, noting that 

metastatic carcinoma is more common than 

primary bone tumors in many species. In  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dogs,  metastasis to bone is most frequent in 

the ribs, vertebrae, and proximal long bones. 

Dr. Craig noted that most textbooks state that 

metastasis of carcinomas to bone is uncom-

mon in sites distal to the elbow or stifle; how-

ever, there are many examples, including this 

case, in which metastatic carcinoma is found 

in more distally, making location an unrelia-

ble diagnostic criterion for metastatic carci-

noma. 
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CASE IV:  

Signalment:  

3-year-old, male intact budgerigar (Melopsit-

tacus undulatus)  

 

History: 

This animal was a member of a zoological 

collection and was found dead in its enclo-

sure. 

Gross Pathology:  

This blue, 39.3g male budgerigar had a dark 

blue cere. Both testes were enlarged (left was 

bilobed and 8x5x5mm, right was spherical 

and 5x5x5mm in diameter).  

Microscopic Description:  

Both testes (slide not provided) contained a 

neoplasm composed of polygonal cells in 

packets separated by a dense fibrous stroma. 

Neoplastic cells had distinct borders, eosino-

philic cytoplasm, and round nuclei. Foci of a 

similar neoplastic population were within the  

 
Figure 4-1. Presentation, parakeet. This male 
parakeet had a dark blue cere. (Photo cour-
tesy of: University of Tennessee College of 
Veterinary Medicine, Department of Biomed-
ical and Diagnostic Sciences, 2407 River 
Drive, Room A201, Knoxville, TN 37996, 
https://vetmed.tennessee.edu/academ-
ics/biomedical-and-diagnostic-sciences/) 

 

marrow of both femurs. Both femurs and hu-

meri had basophilic, non-birefringent bone 

lining the medullary trabeculae (medullary 

bone) that was most pronounced near the 

metastatic foci. 

 

Contributor’s Morphologic Diagnosis:  

Femur: Metastatic Sertoli cell tumor with as-

sociated medullary bone. 

Contributor’s Comment: 

Medullary bone (also known as laying bone) 

is formed and removed along the endosteal 

surfaces of bones in female birds during the 

egg-laying cycle as a source of calcium for 

eggshells. In females, it typically spares the 

pneumatic bones, mostly forming in the hem-

atopoietic bones such as the femur and tibio-

tarsus, but this varies with species.  

 

This femur is from one of 7 male budgerigars 

in a publication that described medullary 

bone as a feature of paraneoplastic feminiza-

tion. The medullary bone deposition was dif-

fuse in 4 cases and multifocal in 3 (including 

this one) and affected both pneumatic (hu-

meri) and hematopoietic (femurs) bones.2 

This was the only case in which bony metas-

tases were detected. Interestingly, the medul-

lary bone in this case is most pronounced near 

the metastatic foci.  
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Figure 4-2. Femur, parakeet. The medullary 
cavity has a focus of metastatic neoplasia.  
(HE, 40X)(Photo courtesy of: University of 
Tennessee College of Veterinary Medicine, 
Department of Biomedical and Diagnostic 
Sciences, 2407 River Drive, Room A201, Knox-
ville, TN 37996) 

 

The testicular tumors associated with medul-

lary bone included Sertoli (sustentacular) cell 

tumors, seminomas, and one mixed (Sertoli-

interstitial cell) tumor.2 Although estrogen 

production is characteristic of Sertoli cells tu-

mors, estrogen production and feminization 

have been reported in humans and dogs with 

seminomas.1,3  

 

Female budgerigars normally have a bright 

pink cere, while males have a light blue cere. 

Cere color change is another feature of para-

neoplastic feminization reported in budgeri-

gars.4 In the published study of 7 budgerigars 

with testicular tumors and medullary bone, 4 

had a blue-brown or red-brown cere, 2 had a 

light blue cere, and one (this bird, case 3 in 

reference 2) had a dark blue cere.2  

 

Contributing Institution:  

University of Tennessee 

College of Veterinary Medicine 

Biomedical and Diagnostic Sciences 

2407 River Drive, Room A201 

Knoxville, TN 37996 

https://vetmed.tennessee.edu/academics/bio-

medical-and-diagnostic-sciences/ 

 

JPC Diagnosis: 

Long bone: Metastatic sustentacular cell tu-

mor with associated medullary bone. 

JPC Comment:   

This fascinating case provides an excellent 

example of medullary bone, a new concept 

for many conference participants this week. 

As noted by the contributor, medullary bone 

is normally produced in the hematopoietic 

bones of female birds to serve as calcium 

stores for the arduous task of mineralizing 

eggs. This sex-specific tissue is produced by 

female birds from approximately 10 days 

pre-ovulation until the completely mineral-

ized egg is laid.2 Medullary bone can be dis-

tinguished from woven bone by its increased 

basophilia, due to an increased proteoglycan 

content compared to woven bone, and by the 

absence of birefringence under polarized 

light.2 

 

The formation of medullary bone occurs sim-

ultaneously with the maturation of ovarian 

follicles, and is believed to be due to incom-

pletely understood interactions among the 

hypothalamus, pituitary gland, and ovaries.2 

The ovum produces estrogens upon the bind-

ing of luteinizing hormone produced by the 

pituitary gland, and these estrogens bind es-

trogen receptors on osteoblasts, leading to the  

 

 
Figure 4-3. Femur, parakeet. High magnifica-
tion of neoplastic cells. (HE 400X)(Photo cour-
tesy of: University of Tennessee College of 
Veterinary Medicine, Department of Biomed-
ical and Diagnostic Sciences, 2407 River 
Drive, Room A201, Knoxville, TN 37996) 



314 
 

 
Figure 4-4. Femur, parakeet. The bone adja-
cent to the neoplasm has a densely basophilic 
matrix covering the endosteum, which is 
called “medullary” or “laying” bone. (Photo 
courtesy of: University of Tennessee College 
of Veterinary Medicine, Department of Bio-
medical and Diagnostic Sciences, 2407 River 
Drive, Room A201, Knoxville, TN 37996) 

 

deposition of type I collagen on the endosteal 

surfaces of hematopoietic bones of female 

birds.2 Once the egg is ovulated and reaches 

the shell gland, mineralization-induced hy-

pocalcemia induces parathyroid hormone se-

cretion, which in turn stimulates osteoclasts 

to resorb medullary bone, releasing calcium 

stores into the bloodstream for use in egg 

mineralization.2 

 

The contributor provides an excellent over-

view of the concept of paraneoplastic femini-

zation, defined as “the acquisition of femi-

nine characteristics as an indirect conse-

quence of a neoplasm, usually due to produc-

tion of chemical signalling molecules such as 

hormones.”2  

 

In veterinary medicine, this condition is well-

described in male dogs with sustentacular 

(Sertoli) cell tumors, in which estrogen pro-

duction by neoplastic cells produces female 

behavior and other characteristic changes 

such as gynecomastia, alopecia, prostatic 

squamous metaplasia, and 

myelosuppression.2 Removal of the neo-

plastic tissue typical results in normalization 

of serum estrogen and reversion to more gen-

der-stereotypic behavior and physiology. In 

male budgerigars with testicular neoplasia, 

paraneoplastic feminization is typically de-

scribed as involving medullary bone for-

mation, cere color change, widening of the 

pelvic inlet, and protrusion of the cloaca.2 

The production of medullary bone can be di-

agnostically useful, as the resulting increase 

in bone density can be identified radiograph-

ically and can serve as an early indication of 

testicular neoplasia.2 

 

Conference discussion focused on the histo-

logic appearance of medullary bone, includ-

ing the basophilia and lack of birefringence, 

as noted above. Conference participants also 

examined Masson and Movat pentachrome 

stains, in which the medullary bone stained 

blue and green, respectively. The moderator 

noted that medullary bone in male budgeri-

gars can be present with all three testicular 

tumors though not all produce the estrogen  

 

 
Figure 4-5. Femur, parakeet. For comparison, 
in areas of marrow devoid of neoplastic cells, 
the bone is of normal morphology. (Photo 
courtesy of: University of Tennessee College 
of Veterinary Medicine, Department of Bio-
medical and Diagnostic Sciences, 2407 River 
Drive, Room A201, Knoxville, TN 37996) 
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throught responsible for the formation of me-

dullary bone. This curiosity highlights the 

fact that the physiologic basis for medullary 

bone deposition remains incompletely under-

stood and is likely multifactorial. 
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WSC 2023-2024 

Conference 15 Self-Assessment 

1. True or false: Central giant cell granulomas are labeled “central” due to their propen-

sity to arise in intraosseous locations.  

a. True 

b. False 

 

2. Which of the following vertebral bodies is most often affected in spondylolisthesis of 

poultry 

a. T2 

b. T4 

c. L1 

d. L2 

 

3. In addition to poultry, Enterococcus cecorum causes disease in which of the follow-

ing? 

a. Emus  

b. Pelicans  

c. Pigeons  

d. Crows  

 

4. Which of the following is a common spot for metastasis of pilomatricoma? 

a. Bone 

b. Brain  

c. Eye  

d. Kidney 

 

5. “Metabolic” bone is a common source of what in birds? 

a. Phosphorus 

b. Calcium  

c. Glycogen 

d. Vitamin D 
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CASE I:   

 

Signalment:  

Three-year-old male intact Lop rabbit 

(Oryctolagus cuniculus) 

History:  

The rabbit presented with soft stools and de-

creased activity. No abnormalities were 

found on physical examination, except for the 

presence of loose stools in the perianal area. 

Treatment with probiotics was initiated. Over 

the subsequent two days, the rabbit stopped 

producing fecal pellets and eating. It pre-

sented on the third day with no menace re-

sponse, no gut sounds, and the inability to use 

the hind limbs. On radiographs, kidneys ap-

peared enlarged. The rabbit died during blood 

sampling. CPR was attempted but was unsuc-

cessful.  

 

Gross Pathology:  

Across all hepatic lobes there were multiple, 

well demarcated, white foci ranging from <1 

to 1 mm in diameter. Affecting approxi-

mately 50-60% of the spleen, there were large 

multifocal to coalescing, circular, poorly de-

lineated, well demarcated firm, cream to 

white nodules, which extended into the pa-

renchyma and measured up to 9 mm in diam-

eter, and bulged up to 3 mm from the splenic 

surface. The apical 10 cm of the cecal mucosa 

and serosa also showed numerous, multifocal 

to coalescing, white foci, measuring 2-3 mm 

in diameter, and the cecal wall was moder-

ately thickened. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Cecum, rabbit. The cecum is dis-
tended and numerous foci of necrosis are vis-
ible through the serosa. (Photo courtesy of: 
Veterinary Pathology Service, School of Vet-
erinary Medicine and Science, University of 
Nottingham, https://www.notting-
ham.ac.uk/vet /service-for-business/veteri-
nary-pathology-service/companion-and-eq-
uine-pathology/index.aspx ) 

 

Laboratory Results: 

Microbiological culture of spleen: Moderate 

growth of Yersinia pseudotuberculosis. 

 

Microscopic Description:  

Spleen: Affecting approximately 80% of the 

examined sections and effacing white and red 

pulp are large multifocal to coalescing foci of 

necrosuppurative inflammation characterized 

by a central, hypereosinophilic area of cellu-

lar and karyorrhectic debris (lytic necrosis) 

admixed with viable and degenerate neutro-

phils surrounded by numerous macrophages, 

lymphocytes, and fewer plasma cells. There  
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Figure 1-2. Spleen, rabbit. There are numer-
ous foci of necrosis which are randomly scat-
tered throughout the splenic parenchyma. 
(Photo courtesy of: Veterinary Pathology Ser-
vice, School of Veterinary Medicine and Sci-
ence, University of Nottingham) 

 

is an outer layer of fibrous tissue which is in-

filtrated by lymphocytes, plasma cells, and 

eosinophils, and often contains scattered to 

extensive areas of extravasated erythrocytes 

(hemorrhage) and eosinophilic, fibrillar ma-

terial (fibrin). Multifocally within and often 

at the periphery of the areas of necrosis there 

are colonies, up to 100 µm in diameter, of 1-

2 µm amphophilic, gram negative cocco-

bacilli. Scattered throughout the affected and 

non-affected parenchyma are moderate num-

bers of macrophages containing intracyto-

plasmic, golden brown, granular pigment 

(hemosiderin).  

 

Cecum: In approximately 90-95% of the ex-

amined section, the submucosa is markedly 

effaced and expanded by the presence of mul-

tifocal large foci of necrosuppurative inflam-

mation which often extend into the lamina 

propria. These foci are characterized by a 

central, area of hypereosinophilic cellular 

and karyorrhectic debris (lytic necrosis) ad-

mixed with mostly degenerate and fewer via-

ble neutrophils, surrounded by numerous 

macrophages, lymphocytes and fewer plasma 

cells, multifocal eosinophilic, fibrillar mate-

rial (fibrin), and by an outer layer of fibrous 

tissue which is infiltrated by fewer numbers 

of lymphocytes, plasma cells, and 

eosinophils. Multifocally within areas of ne-

crosis there are small numbers of scattered, 1-

2 µm amphophilic, gram negative cocco-

bacilli. The adjacent mucosal associated lym-

phoid tissue is multifocally compressed and 

the remaining submucosa is heavily infil-

trated by mostly lymphocytes and fewer 

plasma cells and macrophages, which occa-

sionally contain black and green, granular in-

tracytoplasmic material. Multifocally within 

the lamina propria there are mildly to moder-

ately increased numbers of lymphocytes and 

plasma cells.  

 

Liver: Multifocally, adjacent to portal spaces, 

there are a few smaller foci of necrosuppura-

tive inflammation with extensive lytic necro-

sis similar to those described in the spleen 

and caecum. The portal spaces are often 

mildly to markedly infiltrated by lympho-

cytes and plasma cells, which occasionally 

mildly extend through the limiting plate to 

the adjacent parenchyma. Small numbers of 

lymphocytes are often infiltrating the biliary 

epithelium. Across all examined sections, 

there are numerous multifocal to coalescing, 

midzonal to centrilobular areas where 

hepatocytes are markedly swollen, exhibiting 

a pale staining cytoplasm arranged in thin 

strands, or vacuolar change of the cytoplasm 

(hepatocellular degeneration). Rarely, there 

is variable occlusion of the lumen of blood 

vessels by fibrin thrombi with few enmeshed 

neutrophils and lymphocytes.  

 

Contributor’s Morphologic Diagnoses:  

1. Spleen: Splenitis, necrosuppurative, sub-

acute, multifocal to coalescing, severe, 

with intralesional colonies of coccobacilli 

and microabscesses 

2. Cecum: Typhlitis, necrosuppurative, sub-

acute, multifocal to coalescing, severe,  

with intralesional coccobacilli and micro-

abscesses 

3. Liver: Hepatitis, necrosuppurative, sub-

acute, multifocal to coalescing, mild, 
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with multifocal microabscesses and 

marked hepatocellular degeneration. 

 

Contributor’s Comment: 

Yersiniosis (or pseudotuberculosis) is a dis-

ease caused by infection with gram-negative 

bacteria Yersinia pseudotuberculosis or Yer-

sinia enterocolitica.1,3,14 While susceptible, 

domestic rabbits are not commonly affected.1 

This infection is, however, commonly seen in 

rodents, birds, non-human primates, rumi-

nants, and other zoo species.2,3,7,11,14 

 

Transmission is thought to occur via the fe-

cal-oral route through ingestion of contami-

nated food and/or water.1,14 Infection may re-

sult either in acute death or development of 

clinical signs and lesions, as is the case with 

ruminants and pigs.3,14 In this case, the clini-

cal history and length of duration of clinical 

signs was unknown; however, the morphol-

ogy of the lesions identified would suggest a 

more subacute timeline of infection. 

 

After ingestion, the bacteria colonize the in-

testinal epithelium M cells, resulting in the 

destruction of Peyer’s patches and epithelium 

and the formation of suppurative inflamma-

tion and microabscessation in the lamina pro-

pria.14 Yersinia spp. virulence requires the 

presence of a 70-kb virulence plasmid.9,14 

This plasmid encodes the production of Yops 

proteins which inhibit phagocytosis, aiding 

the bacterial spread to mesenteric lymph 

nodes and other organs.9,14,15 The bacteria 

may then disseminate to the liver or systemi-

cally through the venous drainage and lym-

phatic system.14 Typical post-mortem find-

ings include necrotizing hepatitis and spleni-

tis, fibrinonecrotizing enterocolitis, and lym-

phadenitis.2,3,9,14 On histology, there may be 

microcolonies of gram-negative coccobacilli 

and formation of microabscesses.14 It is not 

possible to differentiate between Y. pseudo-

tuberculosis and Y. enterocolitica based on 

macroscopic and histological lesions alone.14 

 

As zoonotic agents, Y. pseudotuberculosis 

and Y. enterocolitis can cause acute gastroen-

teritis and mesenteric lymphadenitis in hu-

mans.8 In Europe, multiple strains of Y. 

pseudotuberculosis  of varying pathogenicity 

have been identified in wild boars, and path-

ogenic strains of Y. enterocolitis have been 

associated with wildlife, suggesting that 

wildlife species may play an important role 

as a reservoir for human infections.6,13 While 

hospitalizations and deaths secondary to 

these infections have been reported, it is im-

portant to differentiate yersiniosis from 

plague, which is caused by Yersinia pestis 

and is a World Health Organization-reporta-

ble disease with much higher fatality 

rates.3,8,17  

 

In veterinary medicine, macroscopic findings 

in Y. pestis infections may include pulmo-

nary, lymph node, and cutaneous/subcutane-

ous hemorrhages, as well as necrosuppura-

tive lymphadenitis, necrotizing pneumonia, 

and multifocal abscessation with intrale-

sional gram-negative coccobacilli with a 

characteristic bipolar, safety-pin-like mor-

phology.3 Geographic location may help in-

clude or exclude Y. pestis as a likely/unlikely 

differential. 

 

 
Figure 1-3. Cecum, spleen, liver, rabbit. Two 
sections of liver and one each of cecum and 
spleen are submitted for examination. (HE, 
5X) 
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Figure 1-4. Cecum, rabbit. There is diffuse ne-
crosis of Peyer’s patches and replacement by 
numerous necrotic heterophils and cellular 
debris. (HE, 25X) 

 

The diagnosis of yersiniosis is typically made 

through identification of microabscesses with 

microcolonies of coccobacilli on histology 

and subsequent confirmation with bacterial 

culture.14 Francisella tularensis  infection – 

tularemia -  can cause small foci of caseous 

granulomas in the liver, spleen and lymph 

nodes, and could therefore be a potential dif-

ferential diagnosis for the gross lesions.4 

Amongst other lesions, systemic listeriosis, 

caused by Listeria monocytogenes, can also 

present with hepatic necrotic foci, and could 

potentially be a less likely differential; how-

ever, gram-positive staining would differen-

tiate this condition from yersiniosis.4 

 

Contributing Institution:  

Veterinary Pathology Service 

School of Veterinary Medicine and Science 

University of Nottingham 

https://www.nottingham.ac.uk/vet/ 

 

JPC Diagnoses: 

1. Cecum: Peyer’s patch necrosis, diffuse, 

with mild, chronic typhlitis. 

2. Spleen: Splenitis, necrotizing and hetero-

philic, chronic, diffuse, severe, with coc-

cobacilli. 

3. Liver: Vacuolar change, centrilobular and 

midzonal, diffuse. 

 

JPC Comment:   

The contributor provides an excellent over-

view of the typical course of disease in 

yersiniosis caused by Y. pseudotuberculosis 

and Y. enterocolitica. These two species are 

typically associated with a relatively benign 

gastrointestinal disease rather than the well-

described, fulminant syndromes associated 

with Y. pestis, but the pathogenetic mecha-

nisms of the enteric disease caused these spe-

cies remain incompletely understood. 

 

As the contributor notes, Y. pseudotuberculo-

sis and Y. enterocolitica cross the mucosa 

through the M cells of Peyer’s patches; once 

in the mucosa, they are engulfed by macro-

phages, where they survive and are trafficked 

to the lymph nodes and beyond.12 A key vir-

ulence factor, shared by all three pathogenic 

Yersinia species, is a type 3 secretion system, 

similar to that found in Salmonella species, 

that allows the organism to inject effector 

proteins into the host cell cytoplasm.12 In 

Yersinia species, these effector proteins are 

termed Yersinia outer proteins (“Yops”). 

Yops are injected into macrophages and neu-

trophils and interfere with phagocytosis and 

the production of reactive oxygen species, 

ensuring bacterial survival and dissemina-

tion.12 Yops come in at least six different va-

rieties – YopE, YopM, YopO, YopT, YopP, 

and YopH – each with its own pernicious bag 

of tricks aimed at frustrating the host’s im-

mune system.5 For instance, YopP blocks 

pro-inflammatory NF-kappaB and MAPK-

signaling pathways, and YopM is thought to 

block the inflammasome by binding caspase-

1.5 The end result of all of this molecular sub-

terfuge is bacterial persistence and disease.  

 

Birds and rodents are throught to be the prin-

cipal reservoirs of Yersinia pseudotuberculo-

sis, which causes enteric, often subclinical in-

fection in many wild and domestic ani-

mals.12,16 Enteric yersiniosis is relatively 

common in young deer and lambs, where dis-

ease is characterized by profuse watery diar-

rhea which can be rapidly fatal if untreated; 

clinically similar but less severe disease can 
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be seen in young ruminants.12 The septicemic 

form of the disease, often called pseudotuber-

culosis, occurs most commonly in laboratory 

rodents and aviary birds.12 Finally, sporadic 

abortion caused by Y. pseudotuberculosis has 

been reported in cattle, sheep, and goats.12  

 

Despite the canonical association of Y. 

pseudotuberculosis  with enteritis, a recently 

reported outbreak in African lions was nota-

ble for its presentation, which was character-

ized by respiratory distress and pulmonary 

bacterial colonization without gastrointesti-

nal lesions.16 Also notable was the unusual 

pleomorphic, filamentous morphology of the 

bacteria, confirmed to be Y. pseudotubercu-

losis via culture.16 This filamentous morphol-

ogy has been previously described in Y. 

pseudotuberculosis infections in squirrel 

monkeys and is thought to be a bacterial ad-

aptation to the use of antibiotics.16 

 

Our moderator this week was Dr. Patti Pe-

savento, Department Chair and Professor of 

Pathology, Microbiology, and Immunology 

at the University of California Davis College 

of Veterinary Medicine. Dr. Pesavento began 

discussion of this case by noting that low-

magnification evaluation is invaluable in this 

slide, which contains four tissues, some of 

which contain flashy lesions with remarkable 

distributions and tinctorial differences. Dr. 

Pesavento cautioned against getting bogged 

down looking at every micrometer of tissue 

and exhorted residents to use low magnifica-

tion to spot areas of interest, take closer looks 

at those particular areas, and then hop back to 

subgross magnification for further investiga-

tion. 

 

Conference participants found tissue identifi-

cation on the section of alimentary tract to be 

somewhat difficult and discussed possible lo-

cations, including the vermiform appendix, 

the cecal tonsil, the ilem, or the sacculus ro-

tundus. Participants felt they could not be  

 
Figure 1-5. Spleen, rabbit. There is diffuse 
loss of the splenic architecture with multifo-
cal to coalescing areas of lytic necrosis. There 
is rupture of the capsule (lower left) (HE, 25X) 

 

definitive based on the examined section 

alone due to the complete obliteration of tis-

sue architecture both in this tissue and in the 

spleen. Participants also noted the presence 

of substantial fibrosis indicating that, despite 

the apparent fulminant nature of the lesions 

in the spleen and gastrointestinal tract, the 

process was likely chronic. Chronicity could 

also explain the lack of large cloud-like bac-

terial colonies which would be expected of 

Yersinia spp., the “Y” in the “STACY” mne-

monic used to denote large colony-forming 

bacteria (the others being Staphylococcus, 

Streptococcus Actinomyes, Actinobacillus, 

Corynebacterium, Clostridium, and  

Trueperella).  

 

Participants marveled at the liver, which had 

no right to look as great as it did. Given that 

Y. pseudotuberculosis enters from the gut, the 

liver receives the brunt of the bacterial on-

slaught. Dr. Pesavento noted that the liver 

does an admirable and largely unsung job of 

clearing bacteria from the portal blood and, 

considering the destruction noted in the 

spleen and gut, the relatively normal looking 

liver is a testament to the its effective immu-

nologic vigilance. Some participants noted 

the mild periportal lymphoplasmacytic hepa-

titis, which is a fairly typical finding in rab-

bits, and thought it unrelated to the bacterial 

infection. Participants did appreciate a mild  
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Figure 1-6. Spleen, rabbit. There are rare 
large colonies of coccobacilli within the 
spleen. (Photo courtesy of: Veterinary Pa-
thology Service, School of Veterinary Medi-
cine and Science, University of Nottingham) 
(HE 400X) 

 

lipid vacuolation that seemed concentrated in 

the centrilobular and midzonal areas, and felt 

that this was the most believable lesion pre-

sent in the liver.  

 

Once participants were thoroughly unim-

pressed with the histologic appearance of the 

liver, Dr. Pesavento pulled a proverbial rabbit 

out of the hat, wowing the crowd with a retic-

ulin stain. Reticulin, a connective tissue com-

posed of type III collagen, lines the spaces of 

Disse. When visualized with a reticulin silver 

stain, the patency of these fibers can be as-

sessed to determine the integrity of the he-

patic cord and sinusoidal architecture. In this 

case, the seemingly bland appearance of the 

liver belied the fact that the entire reticulin 

network was completely destroyed. 

 

Participants felt that the cecal tissue should 

get pride of place in the morphologic diagno-

sis given the striking necrosis. Participants 

could not convincingly identify coccobacilli 

in the examined cecal section, but were con-

vinced of their presence in the spleen. The re-

markable liver, despite its lack of underlying 

reticulin network, was felt to be largely nor-

mal in the examined section, with no areas of 

necrosis or identifiable bacteria. Participants 

felt, however, that the zonal distribution of 

the vacuolar change was a believable, per-

haps sentinel lesion, and deserved to be in-

cluded in the diagnosis.  
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CASE II:  

 

Signalment:  

2-month-old male rose-ringed parakeet (Psit-

tacula krameri) 

 

History:  

Sudden death without any clinical signs of 

disease. 

 

Gross Pathology:  

Necropsy revealed sparse feathers in the ab-

domen and back areas, multifocal subcutane-

ous hemorrhage and hemorrhage in pectoral 

muscles and muscles of extremities and ex-

tensive hepatic necrosis and hemorrhage. 

Laboratory Results: 

PCR testing for avian polyomavirus was pos-

itive; PCR testing for psittacine beak and 

feather disease, avian bornavirus, herpesvi-

rus, and Chlamydia was negative. 

 

 
Figure 2-1. Liver, parakeet fledgling. One sec-
tion of liver is submitted for examination. 
(HE, 5X) 
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Figure 2-2. Liver, parakeet fledgling. There is 
a retiform pattern of pallor representing cen-
trilobular and midzonal necrosis. (HE, 41X) 

 

Microscopic Description: 

Liver: Affecting up to 70% (this percentage 

somewhat varies between the slides) of the 

liver parenchyma there is disruption and loss 

of the hepatic architecture evident by either 

of the following: loss of differential staining 

and paleness of hepatocytes with karyolysis 

(lytic necrosis), eosinophilic cellular and kar-

yorrhectic debris with hypereosinophilic cy-

toplasm and pyknosis (coagulative necrosis), 

and moderate numbers of extravasated eryth-

rocytes (hemorrhage). Such changes affect 

mostly centrilobular and midzonal portions 

of the lobules and frequently coalesce (cen-

trilobular and midzonal necrosis). Adjacent 

hepatocytes are frequently swollen with pale 

vacuolated cytoplasm (hepatocellular degen-

eration). Rarely such hepatocytes have 

mildly enlarged nuclei that contain large am-

phophilic to lightly eosinophilic, irregularly 

round inculsion bodies that completely efface 

the nuclear chromatin and peripheralize the 

nuceloli. Multifocally within the portal areas 

there is an increase in the number of bile duct 

profiles (ductular reaction). Scattered 

throughout the sinusoids are uncommon ag-

gregates of hematopoietic cells with 

erythroid and fewer myeloid precursors (ex-

tramedullary hematopoiesis). 

 

Contributor’s Morphologic Diagnosis: 

Liver: Hepatocellular necrosis and degenera-

tion, acute, multifocal to coalescing, 

submassive, severe, with rare large intranu-

clear amphophilic viral inclusion bodies. 

 

Contributor’s Comment:  

Avian polyoma virus (APV) is one of the 

most significant viral pathogens of caged 

birds. It results in substantial economic losses 

for aviculturalists and pet store owners each 

year. APV is included in the genus Polyoma-

virus, family Papovaviridae. Its ability to in-

fect and cause disease in birds is dependent 

on the age of the bird, the species, the im-

mune status of the bird, and other poorly un-

derstood factors.6  

 

APV was first characterized as a pathogen in 

young budgerigars in 1981 and was desig-

nated budgerigar fledgling disease virus.1 

Now it is called avian polyomavirus because 

it affects many different species of psittacine 

birds. To date, four polyomaviruses in birds 

are known, namely avian polyomavirus, 

goose hemorrhagic polyomavirus (GHPV), 

finch polyomavirus (FPyV) and crow poly-

omavirus (CPyV).  

 

In fledgling and young budgerigars, APV 

causes acute death, abdominal distention and 

feather abnormalities known as “French 

molt.” It also causes a loss of down feathers 

on the back and abdomen, filoplumes on the 

head and neck, and subcutaneous hemor-

rhage of nesting budgerigars. In other avian 

orders, including psittacine species, APV 

causes clinical signs similar to those ob-

served in budgerigars, but the severity of the 

disease seems to be dependent on the species 

infected.4 Other species of psittacine birds 

can be very ill at weaning with nonspecific 

weight loss, anorexia, partial paralysis of the 

gut, polyuria, and watery droppings. They 

have a tendency to haemorrhage easily, and 

may have CNS signs. Not all the birds get the 

disease and not all of those affected die; some 

(especially the  
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Figure 2-3. Liver, parakeet fledgling. Higher 
magnification of the relatively sudden transi-
tion from areas of coagulative necrosis to vi-
able hepatocytes which are often bordered 
by a line of hemorrhage. (HE, 317X) 

 

older birds) recover to become asymptomatic 

carriers.2  

 

Typical pathologic changes in psittacine 

birds include hydropericardium, enlarged 

heart, swollen liver, congested kidneys, and 

hemorrhage within the body cavities. Histo-

pathology typically reveals large and slightly 

basophilic intranuclear inclusion bodies in 

various tissues, especially in the spleen, liver, 

and kidneys.4  

 

Recent references about APV are mainly re-

lated to monitoring of free-ranging and cap-

tive birds for polyomavirus and other avian 

viruses. Kessler et al., 2020, demonstrated 

that the prevalence of polyomavirus in free-

ranging Psittacula populations in Europe is 

low despite the general susceptibility of these 

species to this virus.5 Rahaus and Wolff, 

2005, conducted a survey to detect 

subclinical poly-omavirus infections in 

captive psittacine birds in Germany and they 

did not detect APV in any samples.8 How-

ever, surveys in Australia and Poland de-

tected significant rates of infection in captive 

parrot populations with APV.3,7 All of this 

emphasizes the need to adhere to strict biose-

curity measures and regular testing for com-

mon psittacine pathogens especially in reha-

bilitation centers and breeding units. 

 

 

Contributing Institution:  

Department of Veterinary Pathology 

Faculty of Veterinary Medicine  

University of Zagreb  

Heinzelova 55  

10000 Zagreb, Croatia 

http://www.vef.unizg.hr/ 

JPC Diagnosis: 

Liver: Necrosis, coagulative, multifocal to 

coalescing, severe, with mild to moderate 

hepatocellular lipidosis. 

 

JPC Comment:  

The contributor provdes an excellent over-

view of avian polyomavirus, an important 

avian disease that exhibits a wide variety of 

case presentations ranging from subclinical 

disease tosudden death, depending on species 

susceptibility. Conference participants found 

this case particularly rewarding as it provide 

ample fodder for discussion of foundational 

issues in liver pathology, such as lesion dis-

tribution and the association between lesion 

distribution and possible etiologies.  

 

In this liver, the distribution of the main le-

sion -  striking, large areas of necrosis – was 

the main point of discussion. Dr. Pesavento 

began with a subgross evaluation of the dis-

tribution, which many participants felt was 

zonal, while others felt that the distribution, 

while geographic and incorporating wide 

swaths of tissue, was essentially random. Dr. 

Pesavento noted that every lobule of the liver 

appears to be affected, which argues against 

a random distribution, but agreed that the dis-

tribution of hepatic lesions in birds can gen-

erally be difficult to determine, as this case 

demonstrates. 

 

The majority of participants agreed that the 

lesion appeared concentrated in the centri-

lobular and midzonal areas. Due to this zon-

ality and the diffuse necrosis throughout all 

liver lobules in section, participants felt that 

insults expected to have a zonal distribution, 
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such as hypoxia and toxin exposure, should 

be included in the differential diagnosis list. 

Other differentials suggested by participants 

included viral causes, such as psittacid her-

pesvirus 1, and avian polyomavirus. 

 

Dr. Pesavento discussed the reticulin-staining 

in this liver, contrasting it with the rabbit liver 

in the previous case. In this bird, the reticulin 

framework appeared intact, indicating a more 

acute process. The intact reticulin network 

also suggests that the observed necrosis is af-

fecting hepatocytes, not endothelial cells. 

This suggestion is bolstered by the reduced 

distance between the intact peri-sinusoidal 

reticulin networks, which is an indicator of 

hepatocellular loss.  

 

Returning to the H&E slide and the proposed 

polyomaviral etiology, participants noted the 

lack of convincing polyomaviral inclusions, 

which are typically large, intranuclear, baso-

philic to amphophilic features which can sub-

stantially obscure the nucleus. Polyomaviral 

infections typically generate many of these 

dramatic inclusions and participants found 

their absence surprising. Participants were 

also perplexed by the zonal, non-random le-

sion distribution, which is unusual for a viral 

infection. The moderator noted that subclini-

cal polyomaviral infections are relatively 

common, raising the possibility that this ani-

mal’s lesions were not caused by polyoma-

virus, despite being PCR-positive for the 

agent.  

 

Conference participants discussed what addi-

tional diagnostics could be used to investi-

gate possible etiologic agents. Participants 

felt that Giemsa or Gram staining would be 

helpful to rule out septicemia, and that in situ 

hybridization (ISH) would be helpful to con-

firm the presence of polyomavirus in the liver 

and to determine if the virus is co-localized 

with areas of necrosis. Finally, participants 

noted that avian polyomavirus inclusions are  

 
Figure 2-4. Liver, parakeet fledgling. Viable, 
largely periportal hepatocytes often contain 
cytoplasmic lipid droplets. There are hemo-
siderin-laden macrophages in areas of hem-
orrhage. (HE, 458X) 

 

most reliably found in the spleen, adding an 

H&E section of splenic tissue to the diagnos-

tic wish list. 

 

Despite being open to alterate etiologies for 

the observed lesions, conference participants 

largely agreed with the contributor’s morpho-

logic diagnosis. No lesion distribution was 

included in the JPC diagnosis as participants 

remained equivocal as to whether the lesions 

were random or zonal, and despite intense 

searching, no intranuclear inclusions were 

observed in the section examined in confer-

ence.  
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CASE III:   

 

Signalment:  

13-year-old Appaloosa-cross mare (Equus 

caballus) 

 
Figure 3-1. Liver, horse. A single section of 
liver is submitted for examination. A retiform 
pattern of necrosis is visible at subgross mag-
nification. (HE, 5X) 

 

 

 
Figure 3-2. Liver, horse. There is diffuse, mas-
sive necrosis with the most profound changes 
in the centrilobular and midzonal areas. (HE, 
41X) 

 

History:  

The horse presented with petechiae and 

edema of the upper lip and appeared to be 

rubbing the area. The animal was treated but 

did not improve. The horse was found down 

two days later with icterus and died shortly 

afterwards. 

 

Gross Pathology:  

The horse was icteric. The liver was small 

and collapsed or flattened. 

 

Microscopic Description:  

The tissue submitted is liver. There is centri-

lobular to massive hepatocellular necrosis. 

Portal triads have bile duct hyperplasia, mild 

lymphoplasmacytic inflammation, and fibro-

sis with partial bridging between portal tri-

ads. 

 

Contributor’s Morphologic Diagnoses:  

1. Massive hepatocellular necrosis 

2. Mild, chronic lymphoplasmacytic hepati-

tis 

 

Contributor’s Comment:  

This is a case of equine serum hepatitis, also 

known as Theiler’s disease. The histologic 

features of this disease are unique and diag-

nostic. There is an acute centrilobular to mas-

sive hepatocellular necrosis and a chronic 

portal hepatitis. Grossly, the liver is small and 

collapsed and sometimes flabby or flaccid.  



328 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equine serum hepatitis was first described by 

Theiler early in the 20th century. The disease 

was associated with the use of various biolog-

ics containing equine serum, usually vac-

cines, and occurred 1-3 months following the 

use of these products.1,3 However, many 

cases occurred that had not received equine 

serum. The cause of the disease is now 

thought to be viral.2 

 

Contributing Institution:  

College of Veterinary Medicine 

Virginia Tech 

www.vetmed.vt.edu 

 

JPC Diagnosis: 

Liver: Necrosis, massive, diffuse, with stro-

mal collapse and hepatocellular lipidosis. 

 

JPC Comment:   

Theiler’s disease was first described in 1919 

by South African veterinarian Sir Arnold 

Theiler after hundreds of horses acutely died 

of hepatitis after being vaccinated against Af-

rican Horse Sickness.2 Since first described, 

Theiler’s disease has been documented  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

worldwide in horses treated with a variety of 

biologics, including tetanus antitoxin, botuli-

num antitoxin, antiserum against Streptococ-

cus equi, and equine plasma, though for the 

past 50 years, disease has been most com-

monly associated with administration of teta-

nus antitoxin.2 A variety of potential causes 

have been investigated and proposed as the 

etiologic agent of Theiler’s disease, most no-

tably a pegivirus named Theiler’s Disease-

Associated Virus (TDAV); however, the cur-

rently accepted etiologic agent is a parvovi-

rus, named equine parvovirus hepatitis virus 

(EqPV-H), which was discovered, isolated, 

and characterized in 2018.1,2 

 

A typical case presentation of Theiler’s dis-

ease involves rapidly progressive symptoms 

of lethargy, anorexia, and jaundice 2-3 

months following the administration of blood 

products; clinical pathology abnormalities in-

clude elevated serum levels of liver enzymes 

and bilirubin.1 Some horses may have fever 

and central nervous system signs such as cor-

tical blindness, ataxia, behavior changes, or  

Figure 3-3. Liver, horse. There is total hepatocellular necrosis in the centrilobular and midzonal 
area.  A portal area is present at lower right.  (HE, 192X) 
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coma.1 Histologically, Theiler’s disease is 

characterized by massive hepatocellular ne-

crosis, as illustrated nicely by this case. Mor-

tality rates between 50% and 90% are re-

ported.1 Experimental studies of EqPV-H 

have revealed the virus to be endemic in the 

United States, parts of Europe, and China, 

with estimated prevalence of 2.9-17%, with 

up to 54% prevalence on farms with recent 

outbreaks of Theiler’s disease.2 The virus has 

been shown to be transmitted via stem cell 

therapy for orthopedic injuries and by oral in-

oculation with viremic serum; vertical trans-

mission appears to be minimal.2 EqPV-H is 

shed in oral and nasal secretion and in feces, 

leading to potential environmental accumula-

tion of this hearty virus.2 Research into effec-

tive biosecurity measures to minimize EqPV-

H transmission is ongoing. 

 

Participants felt that slide description in this 

case was a challenge as virtually nothing was 

left to describe! On subgross evaluation, 

however, participants noted the wrinkling of 

the liver capsule and the irregular distances  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

between central veins and portal triads 

throughout the section, both indicators of mi-

crohepatica due to massive necrosis/stromal 

collapse. Dr. Pesavento contrasted this 

presentation with liver shunting, which typi-

cally presents with capsule wrinkling but rel-

atively constant central vein to portal triad 

distances. 

 

Even without the subgross suggestion of mi-

crohepatica, however, the massive hepatocel-

lular necrosis evident on histological exami-

nation is characteristic of Theiler’s disease, 

which should be included in every differen-

tial list for massive hepatic necrosis in a 

horse. Evaluation of a Masson trichrome il-

lustrated some fibrosis, but participants felt 

that the amount of fibrosis was likely normal 

for a 13-year-old horse. Fibrosis is generally 

not a histologic feature of Theiler’s disease as 

animals typically do not live long enough to 

develop it. 

 

Participants were surprised by the reticulin 

stain in this case, which looked relatively 

Figure 3-4.  Liver, horse. Due to the massive necrosis, even normal structures in portal areas are 
difficult to discern. Few irregular shunken hepatocytes remain and a bile duct is evident at lower 
right. (HE, 397X) 
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normal. Similar to the previous case, the re-

ticulin framework remained intact despite the 

massive necrosis, once again highlighting the 

hepatocellular-centric nature of this disease.  

Dr. Pesavento discussed the current under-

standing of Theiler’s disease which, in a tes-

tament to the rapid advancement of scientific 

knowledge, has changed and solidified since 

this case was originally submitted to the 

Wednesday Slide Conference. At that time, 

the current theory was that a pegivirus, 

termed Theiler’s disease-associated virus 

(TDAV) was responsible for the disease; 

however, researchers were skeptical of this 

claim from the outset as pasteurization of the 

serum products implicated in the transmis-

sion of Theiler’s disease should have inca-

pacitated TDAV. Further research lead to the 

discovery EqPV-H, a parvovirus that can 

withstand typical pasteurization tempera-

tures, and subsequent studies have estab-

lished a strong correlation between EqPV-H 

and Theiler’s disease. 

 

Discussion of the morphologic diagnosis was 

relatively short as the hepatocellular necrosis 

was glaring and all-encompassing. Partici-

pants noted the periportal lympho-

plasmacytic hepatitis described by the con-

tributor, but chose to omit it from the JPC di-

agnosis to emphasize the necrosis-driven 

pathogenesis.  
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CASE IV:  

Signalment:  

9-year-old, male castrated domestic shorthair 

cat (Felis catus) 

 

History: 

The cat presented for a 12-hour history of 

lethargy and inappetence. Complete blood 

chemistry revealed severe normocytic 

normochromic anemia and severe thrombo-

cytopenia. Serum chemistry showed moder-

ate elevation in ALT and mild azotemia. Ab-

dominal radiographs revealed a moderate 

peritoneal effusion, a suspected small intesti-

nal linear foreign body-associated mechani-

cal obstruction, and generalized hepatomeg-

aly. AFAST and abdominal fluid sampling 

and cytology confirmed a hemoabdomen of 

unknown origin. The patient was taken to 

surgery for an exploratory laparotomy. 

 

 
Figure 4-1. Liver, cat. The section of liver has 
a area of subcapsular acute hemorrhage sur-
rounding a large dilated vessel, as well as 
smaller areas of dissecting hemorrhage 
throughout the parenchyma. (HE, 5X) 
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Figure 4-2. Liver, cat. Smaller areas of dissect-
ing hemorrhage are scattered throughout the 
parenchyma. There is pink matrix (amyloid) 
within the surrounding sinusoids. (HE, 81X) 

 

Gross Pathology:  

A hepatic mass involving the left and quad-

rate lobes was observed during exploratory 

laparotomy. laparotomy. The remainder of 

the liver parenchyma was mildly friable. No 

other gross abnormalities were noted during 

the surgical  procedure. The mass was ex-

cised and submitted for histopathology. 

 

Laboratory Results: 
  Result  Reference  Units  

WBC   12.19  5.5-19.5  x103/ul  

Neutrophil 7.07 2.5-12.5 x103/ul  

Band Neutro-

phil 
0.00 0.0-0.3 x103/ul  

Lymphocyte 5.12 1.5-7.0 x103/ul  

Monocyte 0.00 0.0-0.85 x103/ul  

Eosinophil 0.00 0.0-0.75 x103/ul  

Basophils 0.00 0.0-0.1  

RBC  3.84  4.6-10.2  x106/ul  

Hemoglobin  5.5 8.5-15.3  gm/dl  

Hematocrit  16.5 26.0 - 47 .0 %  

MCV  43.0 38.0 – 54.0  fl  

MCH  14.4  11.8-18.0  pg  

MCHC  33.5 29.0-36.0 gm/dl  

RDW  19.5   16.0-23.0 %  

Nucleated 

RBC 
0.00   

Platelet-Auto  52 100-518  x103/ul  

MPV  11.8   9.9-16.3 fl  

 
  Result  Reference  Units  

Albumin 3.8 2.2-4.4 gm/dl  

Alk Phos 12 10-90  IU/L  

ALT 465  20-100 IU/L  

Amylase  1124 300-1100   

T. bilirubin 0.3 0.1-0.6 mg/dl 

BUN 46 10-30  mg/dl 

Calcium 10.9  8.0-11.8  mg/dl 

Phosphorus  3.2   3.0-6.9 mg/dl 

Creatinine  2.6   0.8-2.1 mg/dl 

Glucose  87   70-150 mg/dl 

Sodium 159 142-164 mEq/L 

Potassium 4.3 3.7-5.8 mEq/L 

T. Protein 7.5 5.4-8.5 gm/dl 

PTT 239 80-119 sec 

 

Microscopic Description:  

Left lateral liver lobe: Multifocally, portal 

tracts contain profiles of small arterioles, sev-

eral of which lack portal venules. Several 

small arterioles extend into adjacent hepatic 

parenchyma, and these typically are in a bi-

zarre orientation and have hypertrophied en-

dothelium. Central veins are difficult to iden-

tify. The space of Disse in the centrilobular 

areas contains a substantial amount of eosin-

ophilic, homogeneous, hyaline-like material. 

Also, there are aggregates of hyaline-like ma-

terial associated with clusters of cells within  
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Figure 4-3. Liver, cat. Hepatic sinusoids are 
expanded by amyloid. There is abundant 
brown pigment within hepatocytes and Kup-
ffer cells (likely hemosiderin).  (HE, 605X) 

 

the sinusoids. Often, the portal tracts are 

moderately expanded by infiltration of lym-

phocytes, plasma cells, and a few eosino-

phils. There are large foci of disrupted he-

patic cords with sinusoids expanded by hem-

orrhage (telangiectasia), aforementioned hy-

aline-like material, and fibrin thrombi 

throughout the parenchyma. 

 

Contributor’s Morphologic Diagnosis:  

Left lateral liver lobe:  

1. Hepatic microvascular dysplasia with 

portal venule hypoplasia 

2. Hepatic amyloidosis, with telangiectasia, 

hemorrhage, and thrombosis 

 

Contributor’s Comment: 

This case had morphological findings con-

sistent with hepatic microvascular dysplasia 

and portal venule hypoplasia as well as amy-

loidosis that was confirmed by Congo Red 

staining. The coexistence of these two find-

ings in this patient is considered to be unique. 

Hepatic microvascular dysplasia (HMD) is 

an intrahepatic shunting of blood through mi-

croscopic vessels within the liver.3 Clinical 

signs described in canine patients include in-

hibited growth, ammonium biurate crystal-

luria, hepatic encephalopathy, vomiting, and 

diarrhea.3,7 HMD may occur as an isolated 

congenital malformation or may be present 

with a concurrent macroscopic portosystemic 

shunt vessel.7 Some dogs lacking other he-

patic abnormalities, such as a macroscopic 

congenital portosystemic shunt, may be 

asymptomatic.7 Rarely, multiple acquired 

portosystemic shunts may arise secondary to 

HMD and subsequent portal hypertension.7,12 

HMD is fairly frequently reported in small-

breed dogs, particularly the Cairn Terrier and 

Yorkshire Terrier.14 In Cairn Terriers an au-

tosomal recessive pattern of inheritance has 

been described.11 Cases of HMD and/or por-

tal vein hypoplasia in the cat are infrequently 

reported in the literature.12 Recently, a case 

of multiple acquired portosystemic shunts 

secondary to portal vein hypoplasia was re-

ported in a cat.12,14 

Histologic lesions consistent with HMD in-

clude increased arterioles in portal triad re-

gions, ectatic pericentral vascular spaces, and 

mural hypertrophy of central veins.4,7 HMD 

and portal vein hypoplasia are both congeni-

tal defects in the development of intrahepatic 

portal veins and may occur concurrently.14 

Histologically, portal vein hypoplasia is char-

acterized by decreased numbers of portal 

vein branches within small portal triads.14 If 

histology reveals evidence of HMD or portal 

vein hypoplasia, a macroscopic congenital 

portosystemic shunt must be ruled out by ad-

vanced imaging techniques as this abnormal-

ity results in similar histologic lesions.7,14 

Hepatic amyloidosis is commonly found in 

association with generalized amyloidosis in 

the majority of species. Generalized, or sys-

temic, amyloidosis is frequently associated 

with an overproduction of an amino-terminal 

fragment of the inducible acute-phase protein 

serum amyloid A, simply termed “amyloid 

A.”4 This disease occasionally occurs in a va-

riety of species including horses, cattle, dogs, 

and cats, and is often a subsequent response 

to chronic tissue destruction or disease.1,2,4,6,9 
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Familial amyloid A amyloidosis is another 

potential underlying etiology of systemic am-

yloidosis. This disease is recognized in Chi-

nese Shar-Pei dogs and Abyssinian and Sia-

mese cats.8,10 The condition bears a resem-

blance to familial amyloidosis in humans (fa-

milial Mediterranean fever), and affected an-

imals exhibit episodic pyrexia, swollen 

hocks, renal amyloidosis, and occasional 

concurrent hepatic amyloidosis. 8,10 

Systemic amyloidosis in horses is most often 

secondary to chronic inflammation and is ob-

served with increased frequency in horses 

used for the production of hyperimmunized 

serum.1 Affected horses may develop icterus 

and other signs of hepatic dysfunction.1 In 

contrast, cattle, dogs, and cats generally first 

exhibit clinical signs of renal dysfunction 

from concurrent renal amyloid deposition.6 It 

is reported that cattle may rather die of the 

underlying primary disease.6 Though infre-

quent, cats have been reported to present with 

spontaneous hepatic rupture, as in this case. 
2,6 

Contributing Institution:  

Iowa State University  

College of Veterinary Medicine  

Department of Veterinary Pathology  

Ames, IA 50010-1250  

https://vetmed.iastate.edu/vpath  

 

JPC Diagnoses: 

1. Liver: Amyloidosis, intrasinusoidal, multi-

focal, marked, with parenchymal rupture 

and acute hemorrhage. 

2.  Liver: Primary portal vein hypoplasia with 

numerous portal arteriolar profiles. 

 

JPC Comment:   

This beautiful slide, striking at subgross, re-

veals even more delights upon closer exami-

nation. As the contributor nicely describes, 

the liver is characterized by three major path-

ologic processes: large accumulations of 

blood throughout the hepatic parenchyma,  

 

Figure 4-4. Liver, cat. There are numerous 
cross-section of tortuous arterioles within 
portal areas, including two venous profiles in 
this portal area. (HE, 395X) 

multifocal accumulations of eosinophilic hy-

aline material, and portal areas comprised of 

increased numbers of arterioles, bile duct-

ules, and portal veins. 

 

On subgross evaluation, the large lakes of 

hemorrhage are most eye-catching, and con-

ference discussion focused initially on the 

character of these lesions. Participants won-

dered if these could represent peliosis hepa-

tis, defined as randomly distributed, cystic 

blood-filled spaces in the liver.5 This is well-

reported in cats and can result either from ob-

struction of the portal vasculature with subse-

quent hepatic atrophy and dilation of the 

sinuisoids (referred to as telangiectasis) or 

from hepatocyte necrosis.5 Telangiectasis is 

distinguished from hemorrhage by the pres-

ence of an endothelial lining, and participants 

discussed which process was predominant in 

this lesion, decided that the lakes of blood 

represented hemorrhage as they were not 

lined by discernable endothelium.  

 

Discussion then turned to the eosinophilic de-

posits, interpreted by the contributor and con-

ference participants as amyloid.  

 

A Congo Red performed at JPC in prepara-

tion for the conference was negative, prompt-

ing considerations of other differentials for 

the the eosinophilic material; however, in 

cats, amyloid is often best illustrated using  
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Figure 4-5. Liver, cat. Other portal areas con-
tain numerous arteriolar profiles but are lack-
ing venous profiles. (HE, 395X) 

 

thioflavin T staining and a post-conference 

thioflavin T staining performed at the Uni-

versity of California, Davis, was weakly pos-

itive, confirming the material as amyloid. 

 

Discussion of the portal abnormalities 

quickly turned semantic, with participants 

discussing the terms “microvascular dyspla-

sia” versus “portal vein hypoplasia.” This 

distinction is challenging and likely artificial 

due to the stereotypical histologic response of 

the liver to inadequate portal vein flow.5 With 

decreased portal blood flow, the portal vein 

and its tributaries become reduced and he-

patic arteries respond to this hypoperfusion 

by increasing their blood flow, in the pro-

cesses becoming more tortuous, proliferative, 

and hypertrophic.5 Histologically, as seen in 

this case, this is evidenced by an increased 

number of arteriolar profiles in the portal 

tracts, sometimes with an accompanying in-

crease in the number of biliary ductular pro-

files along with slight fibrosis.5 The increased 

arterial hepatic flow may result in increased 

sinusoidal pressure and subsequent sinusoi-

dal dilation.5 

 

Primary portal vein hypoplasia is a congeni-

tal disorder of dogs and, rarely, of cats, which 

is characterized by the histologic findings 

typical of portal vein hypoperfusion dis-

cussed above.5 The World Small Animal Vet-

erinary Association’s standardization board 

for canine and feline liver circulatory 

disorders has stated that there have been “no 

clinical or biochemical findings to suggest 

that [microvascular dysplasia] is different 

from primary portal vein hypoplasia” and 

that the authors “have decided to abandon the 

name microvascular dysplasia” and prefer to 

call this condition “primary portal vein hypo-

plasia,” which the authors find more descrip-

tive.5  

 

Primary portal vein hypoplasia varies widely 

in clinical severity and morphology and over-

laps histologically with other causes of hy-

poperfusion, including congenital portosys-

temic shunts, intrahepatic arterioportal fistu-

las, and portal vein obstruction.5 In 30% of 

dogs, the vascular changes are mild with no 

evidence of portal fibrosis; others have mod-

erate to marked fibrosis in the portal tracts, 

hypoplasia or absence of the portal veins, and 

a proliferation of arterioles and bile ductules, 

as seen in this case.5 Importantly, this diag-

nosis is based on histologic examination of a 

liver biopsy in combination with ultraso-

nographic findings which exclude the pres-

ence of congenital portosystemic shunt, arte-

riovenous fistula, or portal vein thrombosis.5 

In this case, the portal areas contain all the 

classic hallmarks of hypoperfusion; however, 

the case history contains no record of ultraso-

nographic findings to exclude the other 

causes of hypoperfusion. 

 

Examination of a reticulin stain illustrated 

complete destruction of the reticulin fram-

work in this case. Dr. Pesavento noted that no 

research currently exists on whether this is a 

feature of microvascular dysplasia or amy-

loid deposition, but the reticulin destruction 

in this case was striking, with small remnant 

fragments of reticulin extending only a short 

distance from central veins. The lack of a re-

ticulin framework and the hemorrhagic 

presentation in this case is reminiscent of 

fatty liver hemorhagic syndrome in poultry, 

in which vacuolar swelling of hepatocytes 
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disrupts the reticulin structure of the hepatic 

cords, leading to hemorrhage from the sinus-

oids.13  

 

Given that the principal cause of death was 

hemorrhage, presumably due to hepatic frac-

ture secondary to amyloidosis, participants 

favored placing amyloidosis front and center 

in the morphologic diagnosis. Despite the 

persistence of the term “microvascular dys-

plasia” in the literature, participants preferred 

to use the WSAVA-recommended term “pri-

mary portal vein hypoplasia” to capture the 

full complement of architectural derange-

ments present in the examined portal areas. 
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WSC 2023-2024 

Conference 16 Self-Assessment 

1. After ingestion, Yersinia sp. colonize which of the following?.   

a. Lymphocytes in Peyer’s patches 

b. Macrophages 

c. Intestinal M cells 

d. Neutrophils 

 

2. Which of the following species of bird does not have a species-specific polyomavirus? 

a. Swan 

b. Goose 

c. Crow 

d. Finch 

 

3. Equine serum hepatitis results from infection with which of the following? 

a. Flavivirus 

b. Hepacivirus 

c. Parvovirus 

d. Pegivirus 

 

4. True or false:  Generalized amyloidosis in animal species is most commonly AA type 

 

a. True 

b. False 

 

5. Which of the following clinical signs has not been described in dogs with hepatic mi-

crovascular dysplasia 

      a.  Hepatoencephalopathy 

      b. Pulmonary  minderalization 

      c.  Ammonium biurate crystalluria 

      d.  Diminished growth 
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CASE I:   

 

Signalment:  

1-year-old, male neutered mixed-breed dog 

(Canis familiaris) 

History:  

This dog presented for severe cervical pain 

progressing to C6-T1 myelopathy with para-

plegia. An MRI of the cervical region and a 

CSF analysis were within normal limits. The 

patient was not responsive to antibiotics, 

prednisone, or cytarabine treatment. The 

owner elected euthanasia, and the body was 

submitted for necropsy. 

 

Gross Pathology:  

The gross examination was unremarkable ex-

cept for a 12 x 6 x 6 cm, firm, tan, multilobu-

lated mass in the posterior mediastinum adja-

cent to the bodies of vertebrae T5-T7. The 

mass extended through the intervertebral fo-

ramen into the vertebral canal, compressed 

the spinal cord at the level of T6, and infil-

trated the adjacent epaxial skeletal muscle. 

 

Microscopic Description:  

The mass is composed of lobules of round to 

polygonal neoplastic cells separated by thick 

bands of connective tissue. The cells show 

considerable variation in size, ranging from 

15µm to over 100µm in diameter. The small 

cells are round with scant eosinophilic cyto-

plasm and round nuclei with coarsely 

clumped chromatin and indistinct nucleoli 

(neuroblasts). The larger cells have abundant 

granular cytoplasm which is eosinophilic  

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Posterior mediastinum, dog. 
There is a 12 x 6 x 6 cm, firm, tan, multilobu-
lated mass in the posterior mediastinum ad-
jacent to the bodies of vertebrae T5-T7. 
(Photo courtesy of: Virginia Tech College of 
Veterinary Medicine, https://vet-
med.vt.edu/) 

 

around the nucleus and basophilic at the pe-

riphery. Nuclei in these cells are round and 

usually eccentric with vesicular chromatin 

and single, large, central nucleoli (ganglion 

cells). The larger cells are often dissected by 

streams of spindle cells and wavy fibrillar to 

vacuolated eosinophilic material (Schwann-

ian stroma). Anisocytosis and anisokaryosis 

are marked and the mitotic rate is higher in 

the smaller cells (15 in 2.37 mm2) than in the 

larger cells (2 in 2.37 mm2). In approximately 

25% of the mass, the cells are hypereosino-

philic with loss of cellular detail (coagulation 

necrosis), and a focal area is replaced by 

granular basophilic material (mineralization). 

At the periphery of the mass, the neoplastic 

cells infiltrate the adjacent adipose tissue. 
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Figure 1-2. Posterior mediastinum, dog. The 
mass extends through the intervertebral fo-
ramen into the vertebral canal, compresses 
the spinal cord at the level of T6, and infil-
trates the adjacent epaxial skeletal muscle. 
(Photo courtesy of: Virginia Tech College of 
Veterinary Medicine) 

 

Contributor’s Morphologic Diagnosis:  

Posterior mediastinal mass: Ganglioneuro-

blastoma. 

 

Contributor’s Comment: 

Peripheral neuroblastic tumors arise from im-

mature cells in the ganglia of the cranial and 

spinal nerves and the sympathetic nervous 

system. Locations include the adrenal gland, 

neck, mediastinum, retroperitoneal space, 

and pelvis. These tumors are classified based 

on the degree of differentiation: neuroblasto-

mas are composed of small, undifferentiated 

cells (neuroblasts); ganglioneuroblastomas 

also contain neuroblasts, along with maturing 

and mature ganglion cells, nerve fibers, 

Schwann cells and stroma (Schwannian 

stroma); and ganglioneuromas, the most dif-

ferentiated of the three, are composed of ma-

ture ganglion cells, nerve fibers, Schwann 

cells, and Sch-wannian stroma. Ganglioneu-

roblastomas are further classified, based on 

the amount of Schwannian stroma, into inter-

mixed (Sch-wannian stroma-rich) and nodu-

lar (Schwannian-stroma rich and Schwannian 

stroma-poor areas) subtypes. The presence of 

neuroblasts, gangliocytes, nerve fibers and 

Schwannian stroma in this case is consistent 

with a gangiolneuroblastoma.20 Based on the 

human classification system, this tumor 

could be further characterized as a nodular 

subtype. 

 

Neuroblastomas, ganglioneuroblastomas, 

and ganglioneuromas can also arise from 

neuronal progenitors in the central nervous 

system (central neuroblastic tumors) and the 

olfactory epithelium (olfactory neuroblastic 

tumors).  Olfactory neuroblastomas are also 

known as esthesioneuroblastomas. Gan-

glioneuromatosis is a condition characterized 

by nodular proliferation of neural tissue in the 

intestine with a segmental or diffuse distribu-

tion.  

 

Ganglioneuromatosis is classified as a 

hamart-omatous rather than neoplastic pro-

cess and is associated with genetic syn-

dromes, such as phosphatase and tensin hom-

olog hamartoma (PTEN) syndrome, neurofi-

bromatosis type 1 or 2, and multiple endo-

crine neoplasia type IIb.9 By immunohisto-

chemistry, neuroblasts are positive for synap-

tophysin, neuron specific enolase (NSE), and 

chromogranin A, although immunoreactivity 

in this population may be weak or variable; 

ganglion cells and neural processes are posi- 

 
Figure 1-3. Posterior mediastinum, dog. Two 
sections of a multilobulated mass infiltrating 
the mediastinal fat are submitted for exami-
nation. (HE, 5X) 

 



339 
 

 
Figure 1-4. Posterior mediastinum, dog. The 
neoplasm is composed of two cell types ar-
ranged in poorly defined streams and areas 
of coagulative necrosis. (HE, 230X) 

 

tive for neurofilament and NSE; and 

Schwann cells are positive for S100, NSE, 

and GFAP.3,7,10 In humans, neuroblastic tu-

mors comprise 80% of neoplasms in children 

under 5 years old and are rare after the age of 

10.1 Prognosis depends on tumor type, and 

cellular features (degree of differentiation, 

mitotic rate, karyorrhexis).19  

 

In general, ganglioneuromas develop in older 

children and adults and are considered benign 

with a favorable prognosis. The prognosis for 

neuroblastomas depends on the age of the pa-

tient, the degree of differentiation of the neu-

roblasts, and the mitosis-karyorrhexis index.  

Intermixed ganglioneuroblastomas are asso-

ciated with a favorable prognosis while the 

prognosis of the nodular subtype depends of 

the degree of differentiation of the neuro-

blastic component. 

 

Peripheral neuroblastomas have been docu-

mented in dogs3 and cattle11,22 and peripheral 

ganglioneuromas are described in dogs,5 

horses,2 cats,8 and pigs.7 Ganglioneuromato-

sis has also been reported in a horse,16  

dogs,12 and cattle.4  Previous reports of veter-

inary ganglioneuroblastomas are listed in Ta-

ble 1. 

 

 

 

 

Contributing Institution:  

Virginia-Maryland 

College of Veterinary Medicine 

205 Duck Pond Dr. 

Blacksburg VA 24061 

https://vetmed.vt.edu/ 

 

JPC Diagnosis: 

Fibroadipose tissue: Ganglioneuroblastoma. 

 

JPC Comment:   

As the contributor notes, peripheral neuro-

blastic tumors arise from sympathetic nerv-

ous system progenitor cells. These progenitor 

cells migrate from the neural crest to form, 

among other tissues, sympathetic ganglia and 

the chromaffin cells of the adrenal medulla.3 

 

The factors that lead to the persistence and 

subsequent neoplastic transformation of 

these progenitor cells are incompletely un-

derstood in both human and veterinary medi-

cine. 

 

In humans, most neuroblastic tumors carry an 

excellent prognosis if detected early in life; 

however, an unpredictable subset of human 

neuroblastic tumors carries increased risk and 

a poorer prognosis. The most well-character-

ized marker of these high-risk tumors is in-

creased expression of MYCN, a transcription 

factor in the MYC family, which occurs in 

approximately 25% of pediatric neuroblasto- 

 

 
Figure 1-5. Posterior mediastinum, dog. The 
primary cell type is a small polygonal cell 
(neuroblast). (HE, 808X) 
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mas.6 Rodent studies have determined that 

MYCN, like MYC, can induce cellular pro-

liferation and cell cycle progression in quies-

cent cells; however, there is a spatiotemporal 

difference between the two transcription fac-

tors. MYC is expressed in a broad spectrum 

of tissues and gradually subsides over time in 

adult mice.6 By contrast, MYCN is found 

only during early developmental stages and is 

expressed most substantially in the forebrain, 

hindbrain, and kidneys of newborn mice.6 

 

Given its role in early development, it is per-

haps unsurprising that the degree of differen- 

tiation in neuroblastoma cells is negatively 

correlated with MYCN expression, with 

more differentiated tumors characterized by 

lower levels of MYCN than less differenti-

ated tumors.6 MYCN is also involved in 

maintaining the multipotency and capacity 

for self-renewal characteristic of the neural 

crest cells from which neuroblastic tumors 

arise, and mouse models have induced neuro-

blastomas by targeted overexpression of 

MYCN in migrating neural crest cells.6  

 

MYCN’s contribution to the stem cell-like 

state of neural crest and neoplastic cells is 

multifactorial. MYCN increases expression 

of proliferation-permissive proteins such as  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CDK1 and CDK4, promotes angiogenesis by 

stimulating VEGF production, and facilitates 

cell survival through the p53-blocking pro-

tein MDM2.6  MYCN also inhibits the pro-

duction of cell cycle arrest proteins and tran-

scription factors that promote differentiation, 

down regulates immune surveillance by 

MCP-1, and creates a pro-metastasis environ-

ment through, among other actions, blocking 

production of E-cadherin and certain integ-

rins.6 

 

In dogs and humans, clinical signs vary 

widely depending on tumor localization and 

extent,  and on the presence or absence of any 

paraneoplastic syndromes.3,14 In humans, 

65% of peripheral neuroblastic tumors arise 

in the abdomen, with half of these originating  

 

 
Figure 1-6. Posterior mediastinum, dog. The 
second cell type strongly resembles a gan-
glion cell.  (HE, 483X) 



341 
 

 
Figure 1-7. Posterior mediastinum, dog. Neo-
plastic cells are embedded in stroma that 
strongly resembles a peripheral nerve 
(“Schwannian stroma”). (HE, 250X) 

 

in the adrenal medulla.14 With local or re-

gional disease, patients may be asympto-

matic, while more extensive disease may 

cause abdominal distention and pain, 

Horner’s syndrome (for cervical tumors), and 

episodic secretory diarrhea due to tumor pro-

duction of vasoactive intestinal peptides.3,14  

 

Due to the paucity of published case reports, 

the prognoses and biologic behaviors of ca-

nine peripheral neuroblastic tumors are hard 

to predict. In a recent case study of canine  

 

neuroblastomas, the majority of the dogs 

were either euthanized at the time of diagno-

sis or lost to follow up; of those submitted for 

necropsy, metastatic disease was discovered 

in 4/9 dogs, most commonly in the liver.3  

 

This week’s moderator, Dr. Andrew Miller, 

Associate Professor and Section Chief of the 

Department of Population Medicine and Di-

agnostic Sciences at the Cornell University 

College of Veterinary Medicine, began dis-

cussion by reviewing the characteristics of 

various embryonal tumors. This hetero-

genous group of tumors includes central and 

peripheral neuroblastoma, ganglioneuroblas-

toma, medulloblastoma, and primitive neu-

roectodermal tumors, all of which can occur 

as paraspinal masses that compress the spinal 

cord. As a definitional matter, Dr. Miller 

noted that the term “primitive 

neuroectodermal tumor,” or PNET, is no 

longer used in human neuropathology due to 

the World Health Organization’s reclassifica-

tion of nervous system tumors based on ge-

netic and molecular markers. In veterinary 

medicine, the umbrella term “PNET” persists 

as the genetic mutations underlying nervous 

system tumors and the molecular methods 

used to diagnose them are less fully devel-

oped. 

 

Ganglioneuroblastomas are generally rare in 

veterinary medicine, and diagnosis requires 

clear, obvious ganglion cell differentiation, 

neuroblasts, and some amount of Schwann 

cells and Schwannian stroma. Dr. Miller 

noted these elements in the examined slide 

and called attention to the large areas of con-

fluent necrosis, an indication that the neo-

plasm was aggressive and rapidly growing.  

 

Discussion of the morphologic diagnosis was 

blissfully straightforward, with only momen-

tary debate about tissue localization. Confer-

ence participants were not able to detect the 

tissue’s mediastinal origin from the H&E 

section alone and thus chose to omit any ref-

erence to a specific anatomic location. 

 

 
Figure 1-8. Posterior mediastinum, dog. Neu-
roblasts demonstrate strong nuclear im-
munopositivity for synaptophysin. (Anti-syn-
aptophysin, 250X) 
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CASE II:  

 

Signalment:  

13-year old, intact female Indian origin Rhe-

sus macaque (Macaca mulatta) 

 

History:  

This female Rhesus macaque presented with 

progressive weight loss, vision loss, and wide 

circling to the right over the course of one  

 

 
Figure 2-1. Pituitary gland, rhesus macaque. 
MRI examination revealed a large (3.2 x 2.9 x 
2.5 cm) contrast-enhancing hypophyseal mass 
protruding from the pituitary fossa with associ-
ated marked compression of the adjacent brain 
parenchyma. (Photo courtesy of:  Johns Hop-
kins University School of Medicine, Department 
of Molecular and Comparative Pathobiology, 
http://www.hopkinsmedicine .org/mcp)  

 
Figure 2-2. Pituitary gland, rhesus macaque. 
There is a 2.4 x 2.0 x 1.4 cm, well-circum-
scribed, tan, firm mass attached to the mid-
ventral aspect of the brain at the level of the 
pituitary gland dorsal to the sella turcica. 
(Photo courtesy of:  Johns Hopkins University 
School of Medicine, Department of Molecu-
lar and Comparative Pathobiology) 

year. She also exhibited galactorrhea for ap-

proximately 4 years, despite not having given 

birth in over two years. Ophthalmologic 

exam revealed inability to fix or follow an ob-

ject, searching behavior, and subjective bilat-

eral optic nerve pallor on fundic exam. Sub-

sequent MRI revealed a large (3.2 x 2.9 x 2.5 

cm) contrast-enhancing hypophyseal mass 

protruding from the pituitary fossa with asso-

ciated mar-ked compression of the adjacent 

brain parechyma. Due to poor prognosis, hu-

mane euthanasia was elected. 

 

Gross Pathology:  

Gross necropsy revealed a 2.4 x 2.0 x 1.4 cm, 

well-circumscribed, tan, firm mass attached 

to the mid-ventral aspect of the brain at the 

level of the pituitary gland dorsal to the sella 

turcica. The mass compressed adjacent neu-

ral tissue and the optic nerve at the level of 

the optic chiasm. On cut section, the mass ex-

tended as far rostrally as the basal ganglia and 

as far caudally as the pons. The mass also 

asymmetrically compressed the lateral  
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Figure 2-3. Pituitary gland, rhesus macaque:  
The mass extended as far rostrally as the ba-
sal ganglia and as far caudally as the pons. 
The mass also asymmetrically compressed 
the lateral ventricles. (Photo courtesy of:  
Johns Hopkins University School of Medicine, 
Department of Molecular and Comparative 
Pathobiology) 

 

ventricles, causing mild to moderate hydro-

cephalus. 

 

Laboratory Results: 

Significant clinical pathology results are 

listed below: 

• Complete blood count (CBC): Stress 

leukogram 

• Chemistry panel: Mild hypokalemia 

• Thiamine: WNL 

• Estrogen (E2): WNL (<5 pg/ml) 

• Progesterone (P4): WNL (0.10 ng/ml) 

• Prolactin: Elevated (147.6 ng/ml - ex-

pected value 20-50 ng/ml) 

 

Immunohistochemistry: 

• Synaptophysin (+) 

• ACTH (-) 

• FSH (-) 

• Growth hormone (-) 

• MSH (-) 

• Prolactin (-) 

 

Microscopic Description: 

Cerebrum: Expanding and compressing sur-

rounding neuroparenchyma is a densely cel-

lular, well-demarcated, nodular, unencapsu-

lated neoplasm. Neoplastic cells are closely 

packed and are arranged in nests/packets sup-

ported on a fine fibrovascular stroma. Neo-

plastic cells frequently palisade around blood 

vessels (pseudorosettes) or a central area of 

fiber-rich neuropil (Homer-Wright rosettes). 

Cells are columnar to polygonal with indis-

tinct cell borders and a scant to moderate 

amount of eosinophilic granular cytoplasm. 

Nuclei are round and centrally located with 

coarsely stippled chromatin and 1-2 variably 

prominent nucleoli. Anisocytosis and aniso-

karyosis are mild. Mitoses are rare (avg <1 

per 10 high powered fields). There are multi-

focal areas of necrosis within the center of the 

neoplasm consisting of pyknotic and karyor-

rhectic cellular debris admixed with concre-

tions of mineral, fibrosis, and rare cholesterol 

clefts. There is no evidence of vascular or 

lymphatic invasion. There is diffuse com-

pression and variable rarefaction of the adja-

cent neuropil. Within the normal adjacent 

section of brain, there are numerous mineral-

ized blood vessels. 

 
Figure 2-4. Pituitary gland, rhesus macaque. 
A pituitary neoplasm effaces the normal glan-
dular architecture and compresses the over-
lying  hypothalamic neuropil. (HE, 5X) 
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Transmission electron microscopy: Neo-

plastic cells have indistinct borders. Within 

the cytoplasm are multiple, approximately 

100 nm, electron dense, spherical granules. 

The Golgi apparatus and endoplasmic reticu-

lum are indistinct and often poorly formed.  

 

Contributor’s Morphologic Diagnosis: 

Cerebrum: Pituitary null-cell adenoma. 

 

Contributor’s Comment:  

This aged female rhesus macaque presented 

with progressive weight loss, hyperprolac-

tinemia and galactorrhea without recent preg-

nancy, and neurologic signs including vision 

loss and circling. The most significant lesion 

on necropsy was a large, compressive pitui-

tary adenoma, which is believed to be the 

main contributing factor for all clinical find-

ings. Immunohistochemistry of the tumor is 

diffusely negative for hormone production 

and electron microscopy revealed multiple 

small, approximately 100 nm granules. Com-

bined, these results highly suggest that this 

tumor is an endocrinologically inactive (aka, 

non-functional or null) adenoma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In veterinary species, non-functional pitui-

tary adenomas occur most commonly in 

dogs, cats, and parakeets, with the most 

common type being chromophobe adenomas 

arising from the pars distalis.12,13 Reports of 

pituitary adenomas in non-human primates 

are scattered, but have been noted in both 

Old World and New World primates.4,5,11 

The majority of these tumors are described 

as lactotroph or corticotroph adenomas.5,11 

However, there is one case report of a sus-

pected non-functional adenoma with galac-

torrhea in a male Rhesus macaque, which 

describes a similar entity to the present case, 

both clinically and histologically.4 

 

As these tumors are often behaviorally be-

nign, clinical signs of nonfunctional adeno-

mas are typically due to expansion of the tu-

mor into the unaffected pituitary and adja-

cent CNS, leading to decreased secretion of 

pituitary hormones and/or CNS dysfunc-

tion.12,13 For instance, progressive weight 

loss and muscle atrophy occurs due to de-

creased growth hormone; gonadal atrophy 

due to decreased gonadotropic hormones;  

Figure 2-5. Pituitary gland, rhesus macaque. Neoplastic cells are arranged in nests and packets with 
frequent pseudorosette and rosette formation. (HE, 199X) 
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Figure 2-6. Pituitary gland, rhesus macaque. 
High magnification of neoplastic glands with 
two pseudorosettes and one rosette (arrow) 
in this field.  (HE, 689X) 

 

and dilute urine with low specific gravity in 

the face of dehydration due to decreased an-

tidiuretic hormone. Thus, panhypopituita-

rism caused by endocrinologically inactive 

pituitary adenomas should be a differential 

in older animals with incoordination, depres-

sion, polyuria, blindness, and sudden behav-

ioral changes. Additionally, as in this case, 

animals may develop blindness with fixed, 

dilated pupils due to dorsal extension of the 

tumor and compression of the optic nerves. 

Ophthalmic exam is typically otherwise un-

remarkable because dysfunction is originat-

ing from the CNS.  

 

Typical gross lesions of null cell pituitary ad-

enomas can include the following: 

• Large tumor (>1cm) with compres-

sion or replacement of the remaining 

adenohypophysis, infundibular stalk, 

and hypothalamus; 

• Small thyroid glands; 

• Small adrenal glands due to cortical 

atrophy; 

• Small gonads due to atrophic seminif-

erous tubules with little active sper-

matogenesis; and 

• Atrophy of skin and muscle.12,13 

 

Histopathologic and electron microscopic 

features characteristic of null cell adenomas 

in humans are elongated small cells forming 

pseudorosettes around dilated capillaries; 

modest cytoplasm; poorly developed rough 

endoplasmic reticulum and Golgi apparatus; 

and rare, round, small secretory granules (up 

to 250 nm).7,9,10 

 

Ancillary diagnostics, including immuno-

histochemistry (IHC) and electron micros-

copy, are key to diagnosing null cell adeno-

mas. The pituitary gland is made up of at least 

six different cell types that can give rise to tu-

mors that are clinically functioning or silent. 

Each of these cell types produce one or more 

specific hormones that can be targeted via 

immunohistochemistry (See Table 2).9,10 

Moreover, plurihormonal adenomas can also 

occur. Furthermore, neuroendocrine tumors 

from other regions of the body may metasta-

size to the pituitary and thus can be positive 

for both synaptophysin and chromogranin; 

therefore, other markers may be necessary for 

differentiation.2  

 

Electron microscopy can provide important 

information regarding the intracellular struc-

ture and hormonal activity of the cells.9 The  

 

 
Figure 2-7. Pituitary gland, rhesus macaque. 
Neoplastic cells have indistinct borders. The 
Golgi apparatus and endoplasmic reticulum 
are indistinct. (Photo courtesy of:  Johns Hop-
kins University School of Medicine, Depart-
ment of Molecular and Comparative Pathobi-
ology) 
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size and number of secretory granules as well 

as the degree of development of organelles 

such as rough endoplalsmic reticulum (RER) 

and Golgi apparatus can help indicate the se-

cretory status of tumor cells.8,9 In the present 

case, the poorly-formed RER and Golgi as 

well as scant, small granules suggest a non-

functional secretory status.8,10 
 

Interestingly, this animal was galactorrheac 

with elevated serum prolactin levels despite 

diffuse negative immunoreactivity for pro-

lactin in the tumor. We propose that hy-

perprolactinemia in this case is due to “stalk 

syndrome” or “pituitary stalk compression 

syndrome,” a phenomenon in which non-se-

cretory suprasellar tumors induce hyperpro-

lactinemia by inhibiting dopamine delivery 

to lactotrophs.1-3 Since dopamine is a prolac-

tin-inhibiting factor, reduction of dopamine 

levels leads to increased prolactin output. It 

is hypothesized that dopamine levels are re-

duced by one of two mechanisms: 1) physi-

cal compression of the dopaminergic neu-

rons of the infundibular stalk or 2) disrup-

tion of hypophyseal portal blood flow deliv-

ering dopamine to lactotrophs.3,7 However, 

increased compression caused by continued 

growth of the tumor may eventually lead to 

lactotroph insufficiency and failure.3 

 

In humans, the degree of prolactinemia can 

provide some clues to help differentiate a  

 

 

 

 

 

 

 

 

 

 

 

 

 

prolactinoma from a large tumor with “stalk 

syndrome.” Serum prolactinemia over 200 

ng/mL in humans is almost always due to a 

hormone-producing prolactinoma, while less 

than 200 ng/mL can be associated with stalk 

effect.6 In the present case, serum prolactin 

levels measured at 147.6 ng/ml (expected 

value 20-50 ng/ml). Unfortunately, normal 

ranges are less established in rhesus ma-

caques, and the relationship of degree of ele-

vation to tumor type remains unclear. 

 

Contributing Institution:  

Johns Hopkins University School of Medi-

cine 

Department of Molecular and Comparative 

Pathobiology 

http://www.hopkinsmedicine.org/mcp 

 

JPC Diagnosis: 

Pituitary gland: Pituitary adenoma. 

 

JPC Comment:  

As noted by the contributor, the pituitary 

gland is classically described as having six 

different cell types, each of which can be-

come neoplastic. The clinical and biochemi-

cal signatures of pituitary adenomas differ 

depending on the cell or cells of origin and on 

whether these cells produce their native hor-

mone products.  
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Hormone production is rarely an all-or-noth-

ing affair in pituitary tumors, and clinical 

signs referable to these neoplasms therefore 

exist on a continuum.6  In humans, a large 

number of pituitary adenomas, 22% - 54% 

depending on the study, present with signs re-

lated to the mass effect of the tumor rather 

than excess hormone secretion; these tumors 

are referred to as “clinically nonfunctioning 

pituitary adenomas,” or NFPAs.6 A related 

term, the “silent pituitary adenoma,” or SPA, 

refers to tumors that express transcription 

factors or their hormone products at a level 

detectable by immunohistochemistry, but not 

at a level detected clinically.6 A NFPA can be 

converted to an SPA if a a clinically silent pi-

tuitary adenoma nonetheless, on investiga-

tion, shows positive IHC immunoreactivity 

to relevant hormones or transcription factors. 

In between these lie the “whispering adeno-

mas,” characterized by elevated serum hor-

mone levels, but borderline, often overlooked 

clinical symptoms.6 

 

At the extreme end of this secretory spectrum 

is the rarest pituitary tumor type of them all, 

the null cell adenoma. Null cell adenoma is a 

diagnosis of exclusion and requires im-

munonegativity of all adenohypophyseal hor-

mones and, in humans, a lack of cell lineage-

specific transcription factors.6 The distinction 

is important in humans as null cell adenomas 

generally have a more aggressive course and 

more unfavorable outcomes compared with 

SPAs, including those who produce no hor-

mones, but still express lineage-specific tran-

scription factors.6 

 

Conference discussion of this deceptively 

complex case began with a review of the 

anatomy and histology of the pituitary gland 

and its consistuent parts—the pars distalis, 

pars intermedia, and pars nervosa—along 

with an overview of pituitary neoplasia gen-

erally. Dr. Miller noted that several pituitary 

neoplasias have species predilections,  

 
Figure 2-8. Pituitary gland, rhesus macaque. 
Within the cytoplasm are multiple, approxi-
mately 100 nm, electron dense, spherical 
granules. (Photo courtesy of:  Johns Hopkins 
University School of Medicine, Department 
of Molecular and Comparative Pathobiology) 

 

including corticotroph adenoma/carcinoma 

(most common in dogs); pars intermedia ad-

enoma (most common in horses and associ-

ated with pituitary pars intermedia dysfunc-

tion, or PPID); somatotroph adenoma (most 

common in cats and budgerigars); and lacto-

troph adenomas (most common in macaques, 

rats, and rabbits). Particular attention was 

given to the equine pars intermedia adenoma 

as its pathogenesis is unique and results from 

loss of dopaminergic inhibitory innervation 

from the hypothalamus, leading to unchecked 

proliferation of the pars intermedia. 

 

With this background knowledge firmly in 

hand, conference participants moved to the 

first hurdle: tissue identification. While most 

conference participants were able to identify 

the tissue confidently, a significant minority 

initially identified this tumor as an embryonal 

tumor such as medulloblastoma. Dr. Miller 

noted that a firm grasp of neuroanatomy is 

key to tissue identification in this slide. Eval-

uation of the adjacent neuroparenchyma con-

tains a haphazard arrangement of scattered 

neuronal cell bodies that is characteristic of 

the thalamus. This location, along with the 

rich vascularization of and the multifocal 
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aggregates of eosinophilic fluid within the tu-

mor, all suggest pituitary origin. 

 

With the neoplasm localized to the pituitary, 

Dr. Miller emphasized its well-demarcated, 

expansile, non-invasive nature, which is ap-

parent on subgross examination. As invasion 

is the most important histologic feature that 

differentiates pituitary adenoma from carci-

noma, the lack of invasion gives this tumor a 

fairly classic pituitary adenoma appearance.  

Finally, Dr. Miller noted the multifocal min-

eralization in vascular walls throughout the 

neuroparenchyma in the examined section. 

This is a common age-related lesion in many 

animals and, in aged macaques, the thalamus 

is a common location to find this incidental 

change.   
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Figure 3-1.  Cerebrum, dog.  The cerebrum 
was hardened, lacked distinct sulci, and me-
ninges were diffusely expanded by tan to 
dark brown exudate. (Photo courtesy of Mich-
igan State University Veterinary Diagnostic 
Laboratory, 4125 Beaumont Rd, Lansing, MI 
48910 https://cvm.msu.edu/vdl). 
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CASE III:  

Signalment:       

3-year-old, male castrated mixed breed dog 

(Canis lupus familiaris) 

 

History:  

This dog initially presented to the submitting 

veterinarian for significant anxiety and uri-

nating and defecating in the home.  

 

Bloodwork was performed and revealed a 

marked eosinophilia (4,341 cells/µL, RR: 

70-1,490 cells/ µL). Idexx SNAP test was 

negative for heartworm antigen, Borrelia 

burgdorferi, Anaplasma spp., and Ehrlichia 

spp. No additional diagnostics were pursued. 

At that time, the animal was started on Pro-

zac for generalized anxiety; however, his 

condition continued to progress, and the 

owner began noticing additional sensory 

deficits (sight and smell) and incoordination. 

Approximately six months later, humane eu-

thanasia was elected due to poor quality of 

life and increasing aggression toward the 

owner. The owner was bitten by the dog, re-

sulting in rabies testing and a full necropsy. 

 

Gross Pathology:  

The cerebrum was semi-firm, lacked distinct 

sulci, and meninges were diffusely expanded  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

by tan to dark brown exudate. On cut surface, 

the exudate extended into and replaced the 

outer layers of the cerebral cortex. 

 

Laboratory Results: 

Direct fluorescent antibody for rabies virus, 

brain: Negative  

Neospora caninum PCR, brain: Not detected  

Toxoplasma gondii PCR, brain: Not detected 

Qualitative fecal analysis: Negative 

 

Microscopic Description:  

Brain: Meninges were markedly expanded by 

numerous eosinophils, hemosiderin-laden 

macrophages, fewer plasma cells, and rare 

multinucleated giant cells. This infiltrate ex-

tended into the cerebral gray matter and sur-

rounded large regions of necrosis and rare-

faction. The adjacent white matter contained 

low numbers of scattered spheroids and Vir-

chow-Robin spaces were expanded by low 

numbers of lymphocytes and plasma cells. 

No infectious agents, infarction, or neoplastic 

cells were observed on hematoxylin and eo-

sin, periodic acid-Schiff reaction, or Gram-

stained sections.  

 

 

 

 

Figure 3-2. Cerebrum, dog. On cut surface, the exudate extended into and replaced the outer layers 
of the cerebral cortex. (Photo courtesy of: Michigan State University Veterinary Diagnostic Labora-
tory, 4125 Beaumont Rd, Lansing, MI 48910, https://cvm.msu.edu/vdl). 
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Contributor’s Morphologic Diagnosis:  

Brain: Severe, chronic, diffuse, eosinophilic 

and granulomatous to necrotizing menin-

goencephalitis with perivascular cuffing. 

 

Contributor’s Comment:  

This case is consistent with eosinophilic me-

ningoencephalitis (EME), which is an un-

common to rare neurologic disease in hu-

mans and animals.2,3,8,12 In humans, EME is 

often associated with parasitic infections 

(such as Angiostrongylus cantonensis, Gnan-

thostoma spinigerum, cysticercosis (Taenia 

spp.), schistosomiasis, paragonimiasis, fasci-

oliasis, and Toxocara canis) and occasionally 

tuberculosis, syphilis, coccidiodomycosis, 

and meningeal lymphoma.8,9,12  

 

In veterinary medicine, EME is most often 

reported in dogs and has been associated with 

the following etiologies: Toxoplasma gondii, 

Neospora caninum, Cryptococcus spp., Pro-

totheca spp., canine distemper virus, rabies  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

virus, bacterial encephalitis, and aberrant mi-

gration of parasites (including Angiostrongy-

lus spp. and Cuterebra spp).3,6,8,9,12,13 Other 

non-infectious causes of EME include infarc-

tion, trauma, or neoplasia.8,12 Additionally, if 

an underlying disease process cannot be iden-

tified, it is classified as idiopathic EME.3,12 

Within the literature, idiopathic EME is pre-

dominantly noted in dogs, but has rarely been 

reported in cats, cattle, and sheep.2,3,6-13 Clin-

ically, these dogs often present with menta-

tion or behavioral changes, seizures, ataxia, 

blindness, and pain.3,6,8-10,12,13 On a routine 

diagnostic work-up, the only major abnor-

mality may be peripheral eosinophilia, as 

seen in this case. Only about half of these 

cases have peripheral eosinophilia; therefore, 

cerebrospinal fluid analysis is considered 

more sensitive.3,12,13 On MRI, these cases 

have variable findings but often have bilat-

eral, symmetrical lesions limited to the cere-

bral cortex that are associated with diffuse 

meningeal contrast uptake.3,13 In the reported 

Figure 3-3. Cerebrum, dog. There is marked expansion, hypercellularity, and edema of the menin-
ges with a loss of demarcation with the underlying submeningeal neuropil. (HE, 9X) 
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case, neither CSF evaluation nor MRI was 

performed. 

 

On postmortem examination, the meninges 

are often reported to appear thickened and 

green.12 However, this was not observed in 

our case, likely due to the abundant amount 

of hemosiderin within the macrophages. Mi-

croscopically, the leptomeninges of the brain 

and spinal cord in cases of EME are fre-

quently infiltrated by eosinophils, macro-

phages, and other mononuclear cells, and 

there is a variable amount of parenchymal 

loss, degeneration, and necrosis within the 

underlying cortical grey matter with multifo-

cal regions of perivascular cuffing.8-10,12  

 

The CNS, particularly neurons and myelin-

ated axons, are highly susceptible to eosino-

philic-induced neurotoxicity.8,12 Eosinophils 

are often activated in association with 

chronic inflammatory conditions (asthma, 

chronic allergen, etc.) by helper T (Th2) cells 

releasing IL-4, IL-5, IL-3, and granulocyte-

macrophage colony-stimulating factor (GM-

CSF).5,6,8,12 Once activated, eosinophils re-

lease major basic protein, eosinophil cationic 

protein, eosinophil peroxidase, and oxygen 

free radicals which aid in killing para-

sites.2,5,6,10,12 However, they are also neuro-

toxic and can cause severe tissue damage 

within the CNS.12 In the reported case, the ab-

sence of overt infectious agents, parasites, in-

farction, trauma, or neoplasia, combined with 

the ancillary testing, make a diagnosis of idi-

opathic EME most likely. 

 

The exact pathogenesis of idiopathic EME is 

unknown. Idiopathic EME is reported more 

often in young to middle-aged, large breed 

dogs.2,8,10,12,13 Additionally, rottweilers and 

golden retrievers appear to be over-repre-

sented in the population of reported cases, 

suggesting a possible breed predisposi-

tion.2,6,9,10,12,13  

 

 
Figure 3-4. Cerebrum, dog. The meninges are 
infiltrated by large numbers of eosinophils, 
debris-laden macrophages and fewer lym-
pho-cytes and plasma cells. (HE, 736X) 

 

Many of the reported cases of idiopathic 

EME had minor to drastic improvement in 

the patient’s condition when treated with cor-

ticosteroids, which has led to the hypothesis 

that there is an underlying immune-mediated 

or hypersensitivity process.2,3,6-9,12 It is im-

portant to note that this improvement could 

be due to the normal pathophysiological in-

teractions of steroids in the body rather than 

treating a specific underlying disease pro-

cess, as steroids can induce eosinophil apop-

tosis and reduce the number within the 

blood.5 Mayhew IG, et al. discussed a case of 

EME in a dog with suspected underlying hy-

persensitivity or drug-induced (firocoxib) re-

action.7  Additional cases with extensive clin-

ical and pathological evaluation are neces-

sary to further understand the underlying eti-

ology and prognosis of idiopathic EME.   

  

Contributing Institution:  

Michigan State University 

Veterinary Diagnostic Laboratory  

4125 Beaumont Rd, Lansing, MI 48910  

https://cvm.msu.edu/vdl 

 

JPC Diagnosis: 

Cerebrum: Meningoencephalitis, eosino-

philic,  superficial, marked, with cortical ne-

crosis.   
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JPC Comment:   

Dogs play host to a wide range of diseases, 

including EME, for which the contributor 

provides an excellent summary, that are char-

acterized histologically by the accumulation 

of eosinophils. Canine eosinophilic pulmo-

nary granulomatosis and eosinophilic bron-

chopneumopathy were discussed earlier this 

conference year, and insights on these condi-

tions can be found in WSC #9, case 2. Other 

canine eosinophilic diseases include eosino-

philic granuloma; eosinophilic furunculosis; 

eosinophilic esophagitis, gastritis, and gas-

troenteritis; eosinophilic cystitis; and hypere-

osinophilic syndrome. 

 

Canine eosinophilic granuloma is an uncom-

mon skin disease that frequently presents as 

papules, nodules, or plaques, most frequently 

in the oral cavity.4 Canine eosinophilic gran-

uloma is attributed to hypersensitivity reac-

tions to insect bites or environmental and 

food allergens, though some bacterial and 

fungal agents have been implicated.4 There is 

a pronounced breed predilection in Siberian  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

husky dogs and Cavalier King Charles Span-

iels, suggesting a genetic basis in at least 

some cases.4  

 

Eosinophilic gastrointestinal disease (EGID) 

is an umbrella terms encompassing a spec-

trum of disorders characterized by eosino-

philic inflammation in one or more sites 

such as the esophagus, stomach, intestine, 

and colon.1 Diagnosis of EGID requires ab-

normal numbers and distributions of eosino-

phils in the gastrointestinal tract in the ab-

sence of other underlying etiologies such as 

parasitism.1 Some studies have noted that 

the number of identifiable eosinophils in tis-

sue section is likely an undercount, as 

degranulated eosinophils are easily over-

looked or confused with other granulocytes. 

Immunohistochemical staining for eosino-

phil peroxidase, which highlights both via-

ble and degranulated eosinophils, have re-

vealed a four to 40-fold increase in eosino-

phil number over H&E evaluation alone, de-

pending on the examined tissue.1 As in the 

Figure 3-5. Cerebrum, dog. There is marked rarefaction of the neuropil of the submeningeal cortex 
and expansion of Virchow Robin spaces by numerous inflammatory cells. (HE, 149X) 
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rest of the eosinophilic entities, EGID is 

thought to be a Th-2 driven hypersensitivity 

reaction likely, in the case of EGID, due to 

food allergens.1 

 

The moderator began discussion with a broad 

overview of possible causes for eosinophilic 

encephalitis and meningoencephalitis, in-

cluding parasitic involvement, protozoal in-

fection, hypersensitivity reactions, and the 

breed specific presentations noted by the con-

tributor. Dr. Miller noted the striking sub-

gross histologic appearance of this slide, with 

the eosinophil-induced neuroparenchymal 

necrosis  giving the cerebral profile an unu-

sual, scalloped appearance. Dr. Miller noted 

that the tissue loss focally extends into the 

white matter in the examined section and, as 

such, the term neuropil, which refers exclu-

sively to gray matter, would be an inappro-

priate descriptor here; neuroparenchyma, en-

compassing both gray and white matter, 

would be the correct term to refer to the ex-

tent of the tissue loss.  

 

The neuroparenchymal loss and eosinophilic 

inflammation present in section are both 

more extensive than typically seen with EME 

and more closely resemble lesions associated 

with parasitism. Dr. Miller noted that Cuter-

ebra larval migration, relatively common in 

cats and occasionally occurring in dogs, has 

a very similar histologic presentation. Neuro-

parenchymal loss caused by Cuterebra is due 

to an exotoxin secreted by the larvae that 

leads to necrosis of adjacent neuroparen-

chyma. The lesion is both necrotizing and eo-

sinophil-rich, often with concurrent vascu-

litis, and larvae are frequently not identified 

in histologic section. Dr. Miller provided ex-

amples of the gross and histologic appear-

ance of feline ischemic encaphlopathy caused 

by Cutererba larval migration and reminded 

participants to keep this differential in mind 

when presented with this histologic picture. 

 

 
Figure 3-6. Cerebrum, dog. There are numer-
ous gemistocytic astrocytes within rarefied 
areas of neuropil. (HE, 381X) 

 

Consideration of the morphologic diagnosis 

for this case sparked robust discussion. Par-

ticipants noted the numerous histiocytes 

within the examined section and considered 

whether to include “granulomatous” or “his-

tiocytic” to characterize the inflammation. 

Participants decided to omit the histiocytic 

component as the pathogenesis here is likely 

eosinophil-driven, with histiocytes called in 

secondarily to repair the damage. Participants 

also struggled to capture the extent and dis-

tribution of the striking lesions. After much 

discussion, participants felt that “superficial” 

best conveyed the location of the inflamma-

tion within the meninges and in the outermost 

portion of the cortex. A few participants dog-

gedly argued for the term “cortical loss” to 

capture the unique appearance of the cerebral 

contour; however, as the loss was caused by 

necrosis, participants felt that “cortical necro-

sis,” while perhaps not as punchy, was most 

appropriate. 
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CASE IV:  

Signalment:  

5-month-old, intact male Siberian Husky 

(Canis lupis familiaris) 

History: 

The dog had a history of progressive tetrapar-

esis. Magnetic resonance imaging demon-

strated bilaterally symmetric white matter hy-

perintensities in the corpus callosum, cere-

brum, and thalamus. An analysis of the cere-

brospinal fluid was normal. Given the breed 

and signalment, GM1 gangliosidosis was 

suspected and the dog was euthanized. 

 

Gross Pathology:  

There was subtle flattening of the cervical 

spinal cord. 

 

Laboratory Results: 

DNA testing did not identify the gene muta-

tion associated with GM1 gangliosidosis in 

Huskies. 

 

 
Figure 4-1. Spinal cord, dog. There is diffuse 
pallor of all funiculi. (HE, 15X) 
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Microscopic Description:  

Cervical spinal cord: Within the white matter 

are aggregates of large round to polygonal 

cells with finely granular, lightly basophilic 

cytoplasm and eccentric nuclei (globoid 

cells). These cells occasionally surround 

blood vessels. The globoid cells contain 

faintly magenta material with a periodic acid- 

Schiff stain. There is marked loss of myelin 

and axons highlighted by Luxol fast blue and 

Sevier-Munger stains, respectively. The 

white matter in other portions of the brain and 

spinal cord were similarly affected. 

 

Contributor’s Morphologic Diagnosis:  

Marked widespread axonal degeneration 

with marked histiocytosis. 

 

Contributor’s Comment:  

The clinical signs, gross, and microscopic 

findings are attributed to axonal degeneration 

in the brain and spinal cord as a result of glo-

boid cell leukodystrophy. Globoid cell leu-

kodystrophy occurs due to deficient activity 

of the lysosomal enzyme galactocerebro-

sidase. Globoid cell leukodystrophy is a ge-

netic condition reported in many pure breed 

dogs (Cairn Terriers, West Highland White 

Terriers, Miniature Poodles, Bluetick 

Hounds, Basset Hounds, Beagles, Irish Set-

ters and the Australian Kelpie).1 It has not 

been reported in Siberian Huskies. Addition-

ally, sheep, cats and primates may be af-

fected.3 

 

The pathophysiology of globoid cell leu-

kodystrophy is complicated and not fully un-

derstood. Galactocerebrosidase normally 

breaks down galactocerebroside and galacto-

sylsphingosine (psychosine).1 Interestingly, 

at the time of diagnosis, many individuals 

have decreased amounts of galactocerebro-

side; this paradox may reflect the decreased 

amounts of myelin remaining late in the dis-

ease course.2 There is, however, accumula-

tion of psychosine in the oligodendroglia and  

 
Figure 4-2. Spinal cord, dog. Diffusely, myelin 
sheaths are dilated. Blood vessels are out-
lined by a cellular infiltrate. (HE, 16X) 

 

Schwann cells. The psychosine is extremely 

toxic to these cells and results in their death. 

The loss of oligodendroglial cells and 

Schwann cells results in decreased mye-

lination of axons and ultimately, axonal de-

generation. Macrophages attempt to clear re-

maining myelin and galactocerebrosides, but 

without the enzyme they are also unable to 

break down galactocerebrosides. As a result, 

the macrophages become swollen with PAS-

positive debris and are termed “globoid 

cells.”1 The globoid cells often accumulate 

around blood vessels, as in this case. Alt-

hough a biopsy of peripheral nerves can be 

useful to make an antemortem diagnosis, in 

this case, the sciatic nerve was not clearly af-

fected.1 

 

Contributing Institution:  

University of Tennessee 

College of Veterinary Medicine 

Department of Biomedical and Diagnostic 

Sciences 

http://www.vet.utk.edu/departments/path/in-

dex.php 

 

JPC Diagnosis: 

Spinal cord, white matter: Histiocytosis, peri-

vascular, diffuse, marked, with abundant in-

tracellular myelin. 

 

JPC Comment:   

Globoid cell leukodystrophy (GLD), also 

known as Krabbe disease, is an autosomal  
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Figure 4-3. Spinal cord, dog. The rarefied 
white matter is infiltrated by large ampho-
philic macrophages with abundant vacuo-
lated cytoplasm (Gitter cells or “globoid 
cells”).  (HE, 381X) 

 

recessive, fatal lysosomal storage disease 

caused by mutations in galactoceramide beta-

galactosidase (also known as galactosylcer-

amidase, galactocerebrosidase, or GALC). 

GLD develops early in life and, as noted by 

the contributor, is characterized by impaired 

aberrant myelin metabolism and the subse-

quent accumulation of galactosylceramide 

(GalCer) and psychosine, the major sub-

strates of GALC.3 

 

Compared with normal cellular membranes, 

myelin has a very high lipid content and is 

enriched in GalCer.2 Myelin is remarkably 

stable, but is contininously remodeled at a ba-

sal rate and at a faster rate in response to in-

jury or disease. The complex myelin degra-

dation process relies on a number of en-

zymes, including GALC, to break down its 

consitutent parts, including GalCer.2 GALC 

is expressed ubiquitously in the lysosomes of 

all cell types in the nervous system, and is 

particularly enriched in oligodendrocytes.2 In 

health, once GalCer is processed in the lyso-

some, its consitutent molecular parts are re-

cycled and become building blocks in the 

constitutively active myelin remodeling/re-

myelination pathway.3 

 

In GLD, mutations diminish GALC enzyme 

activity, resulting in impaired degradation of 

GalCer during myelin remodeling. The 

resulting lack of sufficient building blocks 

for remyelination leads to myelin loss.3 Con-

currently,  toxic pysochosine, normally pro-

duced by oligodendrocytes and also degraded 

by GALC, begins to accumulate, leading to 

extensive oligodendrocyte degeneration and 

death with consequent degeneration of exist-

ing myelin and impairment of remye-

lination.1  

 

As the contributor notes, macrophages arrive 

to clean up the degenerating myelin, but they 

are also GALC-deficient and cannot metabo-

lize GalCer. The accumulation of the undi-

gested substrate leads to the “globoid cells” 

for which the condition is named.1 

 

The globoid cells appear in perivascular cuffs 

in the white matter of the CNS, in the lep-

tomeninges, and in the endoneurium of pe-

ripheral nerves.1 

 

This case is an excellent example of the path-

ognomonic histology of GLD, characterized 

by marked myelin loss, markedly reduced 

numbers of oligodendrocytes, and, most dra-

matically, the infiltration of numerous large, 

round macrophages filled with PAS-positive 

storage material, most abundant in areas of  

 

 
Figure 4-4. Spinal cord, dog. Globoid cells 
contain PAS-positive material within their cy-
toplasm. (PAS, 400X) 
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Figure 4-5. Spinal cord, dog. Globoid cells are 
strongly positive for IBA-1. (HE, 395X) 

 

active demyelination.3 The presenting clini-

cal signs in this case–ataxia and limb weak-

ness and tremors that progress to paralysis 

and muscular atrophy–are also typical.4 

Some animals may also develop blindness. 

Typical gross lesions include slight gray dis-

colorations of the white matter, particularly 

in the centrum semiovale of the cerebrum and 

in the spinal cord.4  

 

Conference participants enjoyed the photo-

genic and straightforward nature of this case. 

Dr. Miller cautioned residents not to overin-

terpte the gray matter vacuolation present in 

some sections of the spinal cord since, as in 

so many neuroparenchymal lesions, this 

likely represents autolysis artifact. Dr. Miller 

discussed leukodystrophies in general, noting 

that the various diseases have in common a 

failure of myelinating cells to maintain their 

myelin sheaths. Such diseases are typically 

early onset, symmetrical, and typically unac-

companied by significant inflammation. 

 

Dr. Miller briefly reviewed the biology and 

function of the lysosome as well as  sphin-

golipid metabolism and the diseases that re-

sult from associated enzyme deficiencies. Dr. 

Miller discussed the histochemical staining 

characteristics of globoid cells and noted that 

IBA1, an immunohistochemical stain for 

macrophages; PAS, which stains the material 

accumulated in globoid cells; and Olig2, an 

immunohistochemical stain for oligodendro-

cytes, can be used in concert to demonstrate 

that the accumulation in GLD is occurring in 

within histiocytes and not oligodendrocytes. 
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WSC 2023-2024 

Conference 17 Self-Assessment 

1. Which of the following cell types in a ganglioneuroblastoma will demonstrate im-

munopositivity for synaptophysin? 

a. Ganglion cells 

b. Neuroblasts 

c. Schwann cells 

d. None of these 

 

2. Which of the following species of is NOT a characteristic of a null cell pituitary ade-

noma? 

a. Small thyroid glands 

b. Adrenocortical atrophy 

c. Atrophic seminiferous tubules 

d. Skeletal muscle hypertrophy 

 

3. True or false? Null cell pituitary adenomas are usually non-functional. 

a. True 

b. False 

 

4. In which of the following species is idiopathic eosinophilic meningoencephalitis most 

commonly seen? 

 

a. Dogs 

b. Cats 

c. Sheep 

d. Cattle 

 

5. Which of the following clinical signs has not been described in dogs with hepatic mi-

crovascular dysplasia? 

      a.  Hepatoencephalopathy 

      b. Pulmonary  mineralization 

      c.  Ammonium biurate crystalluria 

      d.  Diminished growth 
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CASE I:   

 

Signalment:  

Adult female American bison (Bison bison) 

History:  

Owner reports weight loss and sporadic loss 

of animals of all ages for the past year. 

 

Gross Pathology:  

The pleural surface is covered in a thick mat 

of fibrin. On cut section, there are multifocal 

0.1-1.0 cm diameter abscesses containing ca-

seonecrotic exudate. 

 

Laboratory Results: 

Aerobic culture: No growth. 

PCR for BHV-1, BRSV, BVDV, PI3: Unde-

tected. 

PCR for Histophilus somni: Undetected. 

PCR for Mycoplasma bovis: Undetected. 

 

Microscopic Description:  

Throughout the section there is multifocal to 

coalescing necrosis affecting >50% of the 

lung tissue. Necrotic foci efface bronchioles 

and are characterized by a hypereosinophilic 

core surrounded by a peripheral rim of degen-

erate neutrophils admixed with pyknotic to 

karyorrhectic debris. There is central miner-

alization in some necrotic foci. In the adja-

cent alveoli, there is frequent necrosis of 

septa with abundant hyalinized material 

and/or flooding of remnant alveolar spaces 

by edema, fibrin, hemorrhage, and many  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Lung, bison. At subgross magnifi-
cation, there are well-delineated areas of 
lytic necrosis which correspond to airways. 
(HE, 5X) 

 

foamy macrophages. Large bronchi have 

mildly hyperplastic epithelium. Some vessels 

are occluded by hyalinized fibrin thrombi.  

 

Immunohistochemistry: There is positive im-

munoreactivity for Mycoplasma bovis in the 

previously described lesions, particularly at 

the edges of necrotic foci. The lung is dif-

fusely negative for Histophilus somni immu-

noreactivity. 

 

Special stains: No organisms were detected 

with acid-fast and modified acid-fast stains.  

 

Contributor’s Morphologic Diagnosis:  

Bronchopneumonia, severe, diffuse, sub-

acute to chronic, necrosuppurative, with ca-

seonecrotic abscesses and fibrinous pleuritis. 
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Figure 1-2. Lung, bison. Airway outlines are 
visible within areas of lytic necrosis. All layers 
of the airway walls are replaced by cellular 
debris and neutrophils and bounded by epi-
thelioid macrophages. (HE, 61X) 

 

Contributor’s Comment: 

Mycoplasma is a genus of ubiquitous bacteria 

that consists of over 100 described species. 

The organisms are anaerobic, self-replicat-

ing, and lack a cell wall. Tissue tropism and 

host specificity vary between Mycoplasma 

species, and the manner in which infection 

leads to disease is not well understood. 

 

Mycoplasma bovis is a globally distributed, 

economically important bacterial pathogen 

that contributes to the bovine respiratory dis-

ease complex.4 In addition to pneumonia, M. 

bovis can cause mastitis, polyarthritis, otitis 

media, keratoconjuncitivitis, and reproduc-

tive losses in cattle.11 Historically, M. bovis 

was rarely detected in other species. In the 

early 2000’s, however, M. bovis was docu-

mented as the cause of several high morbidity 

and mortality disease outbreaks in American 

bison.19 The emergence of mycoplasmosis in 

bison has resulted in devastating economic 

loss to the commercial bison industry and 

continues to threaten bison production opera-

tions throughout North America.1,5,6,9,18 

Since the initial emergence, numerous clini-

cal manifestations of mycoplasmosis have 

been dscribed in bison. These include pneu-

monia, necrotic pharyngitis, polyarthritis, re-

productive disorders, and systemic dis-

ease.5,6,9,18 In contrast to cattle in which co-

infecting pathogens are common, there is 

evidence that M. bovis acts as a primary path-

ogen in bison with increased virulence and 

higher case fatality rates.9,11,15,19 

 

Control of M. bovis has been challenging.3 

Efforts to protect bison via autogenous vac-

cines have been met with difficulty due to the 

remarkable evolutionary capacity of the bac-

terium.1,8,12 Treatment is limited due to the 

absence of a cell wall and associated re-

sistance to many commonly used antibiot-

ics.4,11 Further, a recent study documented 

that approximately 3% of bison are asympto-

matic carriers of M. bovis.14 Chronic carriers 

can be difficult to identify and detect, com-

plicating herd assessment and management 

strategies.16,17 

 

Recently, M. bovis was detected as the cause 

of a high mortality outbreak in free-ranging 

pronghorn (Antilocapra americana) in Wyo-

ming.10 Mule deer and white-tailed deer are 

also susceptible to M. bovis, meriting concern 

for impacts to wildlife, including non-com-

mercial bison.7,13 

 

Contributing Institution:  

University of Wyoming 

Wyoming State Veterinary Laboratory 

Department of Veterinary Sciences 

https://www.uwyo.edu/vetsci/ 

 

 
Figure 1-3. Lung, bison. Necrosis extends into 
the adjacent alveolar parenchyma resulting 
in septal necrosis and abundant hemorrhage 
and polymerized fibrin. (HE, 61X) 
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JPC Diagnosis: 

Lung: Bronchopneumonia, necrotizing and 

fibrinosuppurative, diffuse, severe, with fi-

brinous pleuritis and bronchiectasis. 

 

JPC Comment:   

The rugged American bison is emblematic of 

the untamed American West and, as of 2016, 

serves as the national mammal of the United 

States. Once hunted to near extinction, dec-

ades of conservation efforts have restored 

buffalo numbers to healthy levels in the 

Western United States and Canada. The 

emergence of Mycoplasma bovis in Ameri-

can bison herds in the last few decades has 

therefore been met with alarm, particularly 

due to the severity of disease in this species 

compared to cattle, and, as the contributor 

notes, the lack of effective vaccines against 

or treatments for this wily bacterium. 

 

Despite being a well-documented member of 

the bovine respiratory disease complex, the 

molecular mechanisms that underly the viru-

lence and pathogenicity of M. bovis remain 

incompletely understood.2 A key contributor 

to the bacterium’s host immune system eva-

sion is a fairly complex system of antigenic 

variation. This variation is accomplished via 

several prominent, interchangeable trans-

membrane proteins that act as major immu-

nogens and are switched out when effective 

host antibodies are encountered.2 These pro-

teins belong to a family of 13 variable mem-

brane surface lipoproteins (Vsps), encoded 

by 13 corresponding genes, only two of 

which are expressed at any one time.2 These 

Vsps can be expressed in different combina-

tions, and their co-expression creates “M. bo-

vis surface mosaics” that each have different 

antigenic properties.2 Additional antigenic 

variability can be introduced through inser-

tions and deletions in sequence repeats within 

these genes, resulting in the production of 

differently sized protein variants, presumably 

with different antigenic properties, from a  

 
Figure 1-4. Lung, bison. Interlobular lymphat-
ics contain large fibrin thrombi. (HE, 61X) 

 

limited number of Vsp genes. Variation in 

Vsp expression and size has been demon-

strated among individual bacterial subpopu-

lations in affected animals, and this subpopu-

lation diversity thwarts the host’s immune 

system and contributes to the chronic, intrac-

table nature of disease caused by M. bovis.2 

 

M. bovis, like all mycoplasma species, is a 

streamlined organism with a small genome, 

no cell wall, and a lifestyle that depends 

heavily on host cells for life-sustaining nutri-

ents and cellular processes. This co-depend-

ence requires close association between the 

bacterium and host cells; however, little is 

definitively known about how M. bovis ad-

heres to and survives inside host cells. The 

previously discussed Vsps are thought to also 

facilitate host cell adhesion, though the vari-

ability in surface antigens, so useful in im-

mune system evasion, can lead to more or 

less successful adhesion depending on the ef-

ficacy of the expressed bacterial ligands.2 A 

bacterial subpopulation’s particular Vsp 

complement can also enhance or degrade its 

ability to form biofilms,  likely a critical com-

ponent of bacterial persisteance. M. bovis is 

also able to survive intracellulary within 

phagosomes and to modulate host immune 

responses by inducing apoptosis of host T 

lymphocytes, among other immunomodula-

tory actions; however, the mechanisms be-

hind these antics have not been fully eluci-

dated. The end result of all of this bacterial 

subterfuge is chronic infection, and the  
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Figure 1-5. Lung, bison. Alveoli throughout 
the lung have hypercellular septa and are 
filled with edema. (HE, 128X) 

 

hallmark of M. bovis disease in bison is an 

initially promising response to antibiotic 

therapy followed by repeated relapses, wast-

ing, and eventual death or human euthana-

sia.19   

 

This week’s conference was moderated by 

LTC Chris Schellhase, Chief of Diagnostic 

Services at the Joint Pathology Center, who 

began discussion by noting the massive 

amount of fibrin, edema, and necrosis appre-

ciable on subgross evaluation. Some partici-

pants were intrigued by the multifocal vascu-

litis present throughout the section and won-

dered if the vasculitis was a primary lesion, 

which would be unusual with M. bovis infec-

tion, or if the vessels were simply bystanders 

being taken along for a very inflammatory 

ride. Conference participants also discussed 

whether some of the large fibrin aggregates, 

such as those within the interlobular septa, 

were present within blood or lymphatic ves-

sels. Participants noted the large, dilated 

bronchi which were multifocally effaced by 

inflammatory cells, fibrin, and edema and felt 

that these changes likely represent bronchiec-

tasis, a common finding in Mycoplasma 

pneumonias generally. Finally, participants 

reviewed special stains, including a Fite-Far-

aco, which unexpectedly contained many 

acid fast bacteria. The significance of this 

finding is unclear. 

 

Discussion of the morphologic diagnosis re-

visited the vasculitis debate. Participants felt 

that the vasculitis was likely a bystander ra-

ther than a primary process and it was, for this 

reason, omitted from the final diagnosis. 
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CASE II:  

 

Signalment:  

Adult male striped skunk (Mephitis mephitis) 

History:  

This striped skunk was found alive but 

twitching in a residential area of Charlotte-

town, Prince Edward Island. The skunk was 

euthanized and submitted for post mortem 

examination.  

Gross Pathology:  

The skunk was in good body condition. The 

caudodorsal lung lobes were bright red and 

slightly firm with numerous flat, white, 2 mm 

in greatest diameter, white foci randomly 

scattered throughout all lung lobes. The tra- 

 
Figure 2-1. Pancreas and cerebrum, skunk.  
Aside from a small amount of meningeal 
hemorrhage, no lesions are visible at sub-
gross magnification. (HE, 5X) 
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Figure 2-2. Pancreas, skunk. There are ran-
domly scattered areas of necrosis affecting 
both acinar tissue (left) and ducts (right, ar-
rows). (HE, 61X) 

 

chea and mainstem bronchi contained pink-

tinged froth. The liver was diffusely and 

mildly enlarged, dark red and friable and all 

liver lobes contained numerous pinpoint, 

white, flat, round foci. There were multiple 

skull fractures with clotted blood multifo-

cally within the temporal muscles and menin-

ges. 

 

Laboratory Results: 

Real-time RT-PCR for Influenza A matrix 

gene on oropharyngeal swab: Positive. 

Real-time RT-PCR for Avian Influenza Virus 

H5 subtype on oropharyngeal swab: Positive. 

 

Microscopic Description: 

Brain: Surrounding numerous blood vessels 

in the cerebral grey matter and meninges are 

small numbers of degenerate neutrophils, 

lymphocytes, plasma cells, microglial cells 

and pyknotic cellular debris. Adjacent to 

these areas in the cerebral cortex, neurons are 

occasionally hypereosinophilic and shrunken 

with pyknotic nuclei (acute degeneration/ne-

crosis) and are surrounded by small numbers 

of microglial cells. The Virchow Robin space 

is diffusely expanded by small to moderate 

numbers of lymphocytes and plasma cells. 

The grey matter neuropil is moderately hy-

percellular with an increased number of mi-

croglial and glial cells. Meningeal blood ves-

sels are diffusely cuffed by lymphocytes and 

plasma cells and there are multiple areas 

where the meninges contain moderate num-

bers of erythrocytes (hemorrhage).  

 

Pancreas: Randomly scattered throughout the 

exocrine pancreas, replacing pancreatic acini 

and occasionally surrounding blood vessels 

are numerous, variably-sized nodular aggre-

gates that are composed of moderate numbers 

of degenerate neutrophils, macrophages, eo-

sinophilic granular material, and pyknotic 

cellular debris . These areas often contain 

moderate amounts of pale eosinophilic, 

amorphous, fibrillar to flocculent, extracellu-

lar matrix (amyloid). Pancreatic acini in the 

periphery of these areas are often fragmented 

with singular acinar cells remaining. The in-

terstitium contains moderate numbers of neu-

trophils, macrophages, eosinophilic fluid, 

and fewer lymphocytes and plasma cells and 

pyknotic cellular debris. The lumen of pan-

creatic ducts often contains small numbers of 

neutrophils  

Contributor’s Morphologic Diagnosis: 

1. Brain: Necrotizing meningoencephalitis, 

multifocal, acute, severe, with multifocal 

acute neuronal necrosis, gliosis and satel-

litosis  

2. Brain: Multifocal, acute, severe, meningeal 

hemorrhage  

3. Pancreas: Necrotizing pancreatitis, multi-

focal, subacute, severe with multifocal ac-

inar loss  

 

 
Figure 2-3. Pancreas, skunk. Numerous vessel 
contain inflammatory cells within their walls 
where they are admixed with cellular debris 
(vasculitis). (HE, 387) 
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Figure 2-4. Cerebrum, skunk. The meninges 
and Virchow Robins spaces are expanded by 
a moderate mixed cell infiltrate. (HE, 89X) 

 

Contributor’s Comment:  

Influenza viruses are enveloped RNA viruses 

that have the potential to undergo gene reas-

sortment in a host when they are infected with 

multiple viruses.1,3 Gene reassortment can 

lead to the development of highly pathogenic 

strains that infect multiple species and can re-

sult in pandemics.3 

The A/Goose/Guangdong/1/96 lineage of H5 

highly pathogenic avian influenza virus 

(HPAI), which first emerged in Southeast 

Asia in 1996, was detected in wild and do-

mestic birds in Atlantic Canada in late 2021.2 

H5N1 viruses in Newfoundland, Canada, in 

late 2021 were most closely related to HPAI 

viruses circulating in northwestern Europe in 

spring 2021, and were most likely carried 

across the Atlantic via migratory birds.2 

Since that time, H5N1 viruses have spread 

throughout North America, resulting in neu-

rologic signs and widespread mortality in a 

wide variety of wild birds and mammals, as 

well as significant impacts on the poultry in-

dustry.1 In early 2023, fully Eurasian H5N5 

viruses began to be detected in wild birds in 

Atlantic Canada, presumably representing a 

new incursion to the region via migratory 

birds. Genetic analysis of samples from the 

skunk in this submission revealed H5N5 sub-

type of the 2.3.4.4b Eurasian lineage of 

HPAI. 

In Atlantic Canada, H5N1 HPAI has been de-

tected in red foxes (Vulpes vulpes), striped 

skunks (Mephitis mephitis), and raccoons 

(Procyon lotor), with additional diagnoses in 

these species and other mammals throughout 

North America.1 H5N5 HPAI has been de-

tected in raccoons, one striped skunk, and 

multiple American crows in the region. 

Mammals infected with H5N1 HPAI typi-

cally show neurologic signs, including sei-

zures, twitching, foaming at the mouth, cir-

cling, or are found dead.1 Gross post mortem 

lesions include pulmonary edema, bron-

chointerstitial pneumonia, nasal turbinate 

edema, multifocal (2 to 3 mm in greatest di-

ameter) areas of necrosis throughout the pul-

monary and hepatic parenchyma, and menin-

geal congestion. The most common micro-

scopic lesions include meningoencephalitis, 

gliosis, bronchointerstitial pneumonia, pul-

monary edema and congestion, necrotizing 

hepatitis and cerebral and brainstem neuronal 

necrosis.1 Although the lesions in H5N5 

HPAI positive cases are not yet described, the 

gross and microscopic lesions in this case are 

consistent with those described in H5N1 

HPAI positive skunks and other North Amer-

ican mammals in the current outbreak.  

 

Contributing Institution:  

Atlantic Veterinary College, University of 

Prince Edward Island  

Department of Pathology and Microbiology  

https://www.upei.ca/avc/pathology-and-mi-

crobiology 

 

JPC Diagnosis: 

1.  Cerebrum: Meningoencephalitis, necroti-

ing and lymphohistiocytic, diffuse, mild 

to moderate.  

2.  Pancreas: Pancreatitis, necrotizing and 

lymphoplasmacytic, diffuse, moderate. 

3.   Pancreas: Amyloidosis, multifocal, mild. 
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JPC Comment:  

As noted by the contributor, Influenza A vi-

ruses exchange genetic information through 

reassortment of their segmented RNA ge-

nomes. Reassortment, a method to super-

charge viral evolution, is a strategy available 

only to RNA viruses with segemented ge-

nomes and requires concurrent co-infection 

with more than one Influenza A strain. Reas-

sortment occurs when RNA segments from 

different influenza viruses are intermixed 

during the virion assembly process, resulting 

in a large genomic change and the develop-

ment of a new virus subtype, a process known 

as genetic shift. This is in contrast to the 

emergence of new virus types due to random 

point mutations, a slower, more conservative 

change known as antigenic drift. 

 

Influenza A viruses have a broad host range, 

with established lineages circulating in poul-

try, pigs, humans, and other mammals, and a 

particularly rich tapestry of viral diversity 

circulating in wild birds.3 Particular influenza 

viral lineages tend to be restricted to their pre-

ferred mammalian hosts; however,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reassortment occasionally produces novel in-

fluenza viruses that are able to cross species 

barriers and cause viral pandemics.3 Re-

search has shown that such reassortment oc-

curs frequently in vivo, leading to viral geno-

typic diversity both between animals and 

among the various levels of the respiratory 

tract in individual animals.3 

 

Pigs are of particular interest in influenza 

ecology as they are susceptible to swine, hu-

man, and avian influenzas, and thus provide 

an accommodating microbial mixing vessel 

that can give rise to recombinant viruses.3 

These novel viral subtypes have been behind 

most major historical influenza pandemics to 

date, and the emergence of a new viral influ-

enza subtype with pandemic potential is an 

ever-present threat.4  

 

This case generated robust discussion, partic-

ulary around changes within the neuroparen-

chyma. Multiple conference participants 

were convinced that many neurons contained 

intranuclear eosinophilic viral inclusions, 

which would not be expected with influenza  

Figure 2-5. Cerebrum, skunk. Inflammatory cells emigrate into the surrounding neuropil, resulting 
in necrosis. (HE, 314X) 
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infection. The discussion quickly turned to 

the age-old “inclusion body or nucleoli” de-

bate without satisfactory resolution. Several 

participants also believed there to be neu-

ronal loss, though while neuronal necrosis 

was evident, most participants felt that the 

substantial gliosis made the neuroparen-

chyma appeared hypercellular, not hypocel-

lular. 

 

Despite the nuances in the neuroparenchymal 

pathology, the moderator emphasized that the 

nature and distribution of the inflammation in 

section are highly suggestive of a viral etiol-

ogy. Participants discussed various differen-

tial diagnoses before noting that the presence 

of necrotizing pancreatitis considerably nar-

rowed the differential list. Differentials for 

pancreatic necrosis in a bird include West 

Nile Virus, Avian Adenovirus, HPAI, Sarco-

cystis sp., and zinc toxicity; however, the 

most likely cause of necrotizing pancreatitis 

and meningoencephalitis in a bird is HPAI.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ensuring morphologic diagnosis discus-

sion was scentillating. Participants were 

skeptical that the meningeal hemorrhage was 

replated to the HPAI and wondered if this 

could be euthanasia artifact. Participants 

were similarly unconvinced that the amyloid 

noted in the pancreatic acini and islets was 

due to HPAI infection. The agreed-upon mor-

phologic diagnosis highlights the necrosis 

that characterizes the disease and separates 

out the amyloidosis as a discrete disease pro-

cess. 
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CASE III:  

Signalment:       

Adult male black-tailed jackrabbit (Lepus 

californicus) 

 

History:  

A dead black-tailed jackrabbit without signs 

of predation was found by a private citizen 

that was falcon hunting in southern Califor-

nia. 

 

Gross Pathology:  

The carcass was in a mild to moderate state 

of postmortem decomposition and poor nutri-

tional condition. There was a moderate 

amount of serosanguineous fluid in the 

thorax. The lungs were pink to red, swollen, 

and wet. The liver was dark-red, congested, 

and oozed dark-red fluid on cut surface.  

 

 
Figure 3-1. Liver, jackrabbit. Three sections of 
liver are presented for examination. (HE, 3X) 

 
Figure 3-2. Liver, jackrabbit. There is diffuse 
loss of sinusoidal architecture with numerous 
areas of hemorrhage. (HE, 60X) 

 

Laboratory Results: 

RHDV2 RT-qPCR: Positive (Ct 11.8). 

Pan-lagovirus IHC in liver (antibodies pro-

vided by Drs. Lavazza and Capucci, IZSLER, 

Italy): Positive. 

 

Microscopic Description:  

Liver: There is diffuse, periportal to panlob-

ular hyperosinophilia with disorganization of 

hepatic cords (necrosis) and abundant hemor-

rhage and congestion. Hepatocytes show one 

or more of the following changes: membrane 

and cytoplasmic fragmentation, pyknosis, 

karyorrhexis, and occasional individual min-

eralization. There are rare, scattered heteoro-

phils, and mild infiltrates of lymphocytes, 

histiocytes, and plasma cells in the portal 

spaces, as well as some subscapular follicular 

aggregates of lymphocytes.  

Contributor’s Morphologic Diagnosis:  

Liver, necrosis, panlobular, severe, acute 

with hemorrhage 

 

Contributor’s Comment:  

Rabbit hemorrhagic disease virus type 2 

(RHDV2 or GI.2) belongs to the genus Lago-

virus, a group of viruses within the family 

Caliciviridae that affects species in the order 

Lagomorpha.5 This virus was detected for the 

first time in France in 2010 and has been 

spreading among domestic and wild leporid 

species in North America since 2020.7,11 A 

distinctive feature of RHDV2 is its host 

range, which is wider than that of its close  
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relative, classic RHDV (or GI.1); the latter 

affects principally domestic and wild Euro-

pean rabbits (Oryctolagus cuniculus), 

whereas RHDV2 affects also several hare 

and jackrabbit species (Lepus spp.), as well 

as cottontails and other wild rabbits native to 

the American continent (Sylvilagus spp.).11 

RHDV2 is broadening its host range as it 

spreads and new leporid species are exposed 

to it for the first time.  

 

In domestic rabbits, classic RHD is associ-

ated with high mortality; animals generally 

succumb after a short period of fever, leth-

argy, seizures and bleeding through body or-

ifices.1 Hepatomegaly with pallor and reticu-

lar pattern, pulmonary congestion with hem-

orrhages, splenomegaly, hemorrhages in 

multiple tissues, and icterus are the most 

common gross findings. Histologically, there 

is periportal to panlobular hepatic necrosis, 

splenic red pulp necrosis and lymphoid de-

pletion, and systemic thrombosis in small ca-

pillaries (e.g., in renal glomeruli and pulmo-

nary septae).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RHDV2 seems to cause similar clinical signs 

and lesions, although possibly with more var-

iable mortality according to some reports.7,10 

Specifically in hares (Lepus spp.), RHDV2 

causes a disease process similar to RHD in 

rabbits or to the European brown hare syn-

drome (caused by another Lagovirus, 

EBHSV or GII) in several hare species from 

Europe.4 Clinicopathologic data of RHDV2 

infection in hares is limited to just a few stud-

ies that would suggest that mortality is lower 

and more variable than in rabbits.4,12 

 

Data on the pathology of RHDV2 on North 

American leporid species is very limited. An 

experimental study confirmed for the first 

time that that the eastern cottontail (Syl-

vilagus floridanus) was susceptible to 

RHDV2 and developed a similar disease pro-

cess as observed in New Zealand white rab-

bits (Oryctolagus cuniculus).9 According to 

one of the first reports of natural disease in 

cases from early 2020 in the USA, the pathol-

ogy of RHDV2 in desert cottontails (Syl-

vilagus audubonii) and black-tailed jackrab-

bits (Lepus californicus) is similar to  

Figure 3-3. Liver, jackrabbit. Hepatocytes are disassociated and necrotic throughout the entire lob-
ule. (HE, 381X) 
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previous descriptions in wild and domestic 

European rabbits and other hare species, with 

hepatic necrosis as the most diagnostically 

relevant finding; however, glomerular or pul-

monary fibrin thrombi and splenic necrosis 

were not identified in the animals of the men-

tioned report, which differs with previous de-

scriptions of RHDV2 in rabbits of European 

origin.6 

 

In California, RHDV2 was confirmed for the 

first time in a black-tailed jackrabbit on May 

2020 as part of an outbreak that was spread-

ing throughout the southwest at that time.2 

The disease spread quickly among multiple 

southern counties of the state between 2020 

and 2021, and was later detected in northern 

areas as well. Domestic rabbits (including 

pets, backyard rabbitries, and a few commer-

cial farms), black-tailed jackrabbits, desert 

cottontails, Western brush rabbits (Sylvilagus 

bachmani) and its endangered subspecies, the 

Riparian brush rabbit (Sylvilagus bachmani 

riparius), have been affected by RHDV2 in 

California. Some of the early circulating  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

viruses in the south of the state were phylo-

genetically similar to other detections in Ari-

zona, Texas, and New Mexico earlier in 

2020. Among all the detections of RHVD2 in 

North America since the first cases in Que-

bec, Canada, in 2016, the early California se-

quences were more similar to a virus col-

lected in British Columbia, Canada, in 2018.3 

 

Contributing Institution:  

California Animal Health and Food Safety 

Laboratory System (CAHFS) 

University of California-Davis 

San Bernardino, California  

https://cahfs.vetmed.ucdavis.edu/loca-

tions/san-bernardino-lab 

 

JPC Diagnosis: 

Liver: Hepatitis, necrotizing, acute, massive, 

diffuse, severe, with hemorrhage. 

 

JPC Comment:   

The contributor provides an excellent over-

view of the biology, natural history, and un-

fortunate spread of RHDV2. The spread of 

Figure 3-4. Liver, jackrabbit. Degenerating and necrotic hepatocytes contain numerous cytoplasmic 
vacuoles which may be the result of apoptosis or dilation of smooth endoplasmic reticulum. (HE, 
578X) 
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RHDV2 is concerning not only for native sus-

ceptible lagomorph species, but also for the 

predators which depend on them for a food 

source. RHDV2 can profoundly alter the eco-

systems in which it is introduced as evidenced 

by the emergence of RHDV2 on the Iberian 

Peninsula in 2013. In that outbreak, the wild 

rabbit population of northern Spain declined 

precipitously; unfortunately, population num-

bers for the Iberian lynx and the Spanish eagle, 

both endanged species that rely heavily on 

rabbit-based diets, declined in tandem.3 This 

scenario has repeated with each introduction 

of RHDV2 into a new ecosystem and is par-

ticularly instructive for the current outbreak in 

California, as the state has established popula-

tions of mountain lions, bobcats, coyotes, and 

golden eagles that also make rabbit a staple of 

their diets.3   

 

Until recently, prevention measures have been 

confined to biosecurity and husbandry prac-

tices such as handwashing, quarantining ani-

mals, disinfectants, and limiting contact with 

animals. These efforts have been generally un-

successful in slowing the unrelenting spread 

of the virus due to RHDV’s multiple routes of 

transmission; the virus can be spread mechan-

ically by flies and other vectors, by fomites, 

and by infected carcasses which can harbor 

communicable virus for up to three months.4 

The primary route of transmission is oral, 

though nasal, subcutaneous, intravenous, and 

intramuscular transmission has been identi-

fied.4 Wildlife researchers and rabbit hobby-

ists alike were cheered in 2021, when the 

USDA gave Emergency Use Authorization to 

a US-based RHDV2 vaccine; the vaccine was 

given a Conditional Use license in November 

2023, providing a new weapon in the fight 

against this fatal, emerging disease.8 

 

The hallmark of RHDV2 is massive hepato-

cellular necrosis as abundantly illustrated by 

this case. Conference participants remarked 

on the incredible degree of hepatocellular  

 
Figure 3-5. Liver, jackrabbit. A pan-fungal 
RHDV IHC demonstrates abundant antigen 
within degenerating hepatocytes. (Photo 
courtesy of: California Animal Health and Food 
Safety, San Bernardino Branch). 

 

destruction, the abundant hemorrhage that 

separated and surrounded the remnant hepato-

cytes, and the general lack of associated in-

flammation. Conference participants also con-

sidered a reticulin stain which showed com-

plete loss of sinusoidal architecture, confirm-

ing the tissue destruction evident on H&E.  

The moderator noted that it would be easy to 

focus on the astonishing amount of hemor-

rhage and destruction and overlook the finer 

descriptive points of nuclear features (karyor-

rhexis, karyolysis), type and extent of necro-

sis, and the mineralization noted occasionally 

throughout the section.  

 

Conference participants noted the vacuolar 

changes in the hepatocytes and debated 

whether these were lipid-type or glycogen-

type changes. Participants decided that the 

vacuoles were likely neither, but instead rep-

resented swelling of the endoplasmic reticu-

lum during cellular necrosis. The moderator 

called attention to the eosinophilic globules 

present throughout the section, called aci-

dophilic or “Councilman bodies.” Council-

man bodies are aggregated apoptotic hepato-

cyte fragments that are observed in viral hep-

atitides and are named after American 

pathologist William Thomas Councilman who 
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discovered them during his work on yellow fe-

ver. Finally, participants discussed lung lobe 

torsion, a differential common in rabbits, 

which would appear as a whole-lobe coagula-

tive necrosis with retention of hepatocellular 

architecture, quite different from the impres-

sive lytic necrosis present in this slide. 

 

Discussion of the morphologic diagnosis was 

fairly straightforward in this case, though not 

without minor drama. One particularly in-

sistent conference participant argued for the 

inclusion of hemorrhage in the morphologic 

diagnosis due to the prominence of this feature 

in the disease itself and on the examined slide. 

Dissenting voices argued that necrosis implies 

hemorrhage, making its inclusion redudant; 

however, persistence carried the day and hem-

orrhage won by a hare. 
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(RHDV2) caused sporadic cases of an 

European brown hare syndrome-like dis-

ease in Italy and Spain. Transbound 
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CASE IV:  

Signalment:  

Immature (presumed yearling) female white-

tailed deer (Odocolieus virginianus) 

History: 

In the Canadian province of Nova Scotia, De-

partment of Natural Resources officers were 

called by a concerned citizen because a 

young deer was acting strangely in a residen-

tial area. The deer would walk in tight circles, 

had a prominent head tilt, lacked fear of peo-

ple and appeared to be blind as it would walk 

into obstacles, fall down, and struggle back to 

its feet. The deer appeared to be breathing 

heavily and was drooling excessively. The 

officer euthanized the deer by shooting her in 

the head several times with a 22 caliber gun. 

The head, lungs, heart, gastrointestinal tract, 

liver, and kidneys were harvested, frozen, 

and submitted to the Canadian Wildlife 

Health Cooperative, Atlantic Region, for ex-

amination. 

 

Gross Pathology:  

Abundant fat stores were noted in the epicar-

dial groove, in the connective tissue sur-

rounding the kidneys, and within the mesen-

tery indicating that this animal appeared to be 

in good body condition. There were several 

skin abrasions on the head (attributed to 

trauma associated with falling) and traumatic 

lesions due to mode of euthanasia (i.e., gun-

shot to the head) were noted. 

 

An approximately 4.5 cm x 3.5 cm x 3.5 cm, 

round, expansile, pale tan mass focally re-

placed the parenchyma in the left cranioven-

tral lung. This mass was soft and when sec-

tioned, was white-tan with fine fibrous septa 

dissecting through it. Multiple similar,  

 
Figure 4-1. Lung, deer. A section of lung with 
multiple expansile, poorly cellular nodules is 
submitted. (HE, 5X) 

 

smaller masses, ranging from 0.5 cm - 1.0 cm 

in greatest diameter, were randomly scattered 

throu-ghout the remaining left lung. The right 

lung was enlarged and largely effaced by 

multifocal to coalescing similar soft masses, 

the largest of which measured approximately 

8 cm in greatest diameter. The tracheobron-

chial lymph nodes were moderately to se-

verely enlarged; the largest was approxi-

mately 10 cm in greatest diameter and had a 

necrotic center filled with viscous yellow ma-

terial. When sectioned, these lymph nodes 

were otherwise similar in appearance to the 

grossly affected lung. 

 

Prominent cerebellar coning was noted when 

the calvarium was removed. When the brain 

was sectioned sagitally along the midline, 

several, small, 1-2 mm in greatest diameter, 

pitted lesions with dark rims were noted in 

the neuropil of the thalamus and superior col-

liculus. Following fixation, similar tiny le-

sions were also noted in the caudal nasal cav-

ity. This exudate largely replaced the right 

ethmoturbinates and disrupted the adjacent 

cribiform plate. The inner and middle ears 

were grossly unremarkable. No significant 

abnormalities were noted in the liver, kidney, 

or gastrointestinal tract. 
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Figure 4-2. Lung, deer. Higher magnification 
of several of  the pulmonary nodules. (HE, 
16X) 

 

Laboratory Results: 

Light growth of Cryptococcus sp. was identi-

fied from lymph node culture swabs. 

 

Multilocus sequence typing identified this 

fungus as Cryptococcus gattii (type VGII). 

 

Microscopic Description:  

Tissues exhibit moderate autolysis. Sections 

of the mass-like lesions in the lung are all 

similar. These masses are poorly defined and 

are composed of areas where alveoli are 

markedly expanded and are often ruptured 

forming variably sized spaces filled with 

myriads of yeast. Small to moderate infil-

trates of large, pale macrophages are also pre-

sent within these air spaces and the interstit-

ium. A mild increase fine fibrous stroma mul-

tifocally expands the interstitium forming 

thin septa and sometimes thicker fibrous 

bands. Yeast are round to ovoid, 10-20 mi-

crons in diameter, and have a very pale pink, 

often faintly visible, thick capsule that is 

highlighted with mucicarmine staining. In 

some areas, the capsule appears basophilic. 

Rarely, very narrow based budding is noted. 

Many scattered yeasts contain coarse black 

melanin pigment which is highlighted with 

Fontana-Masson staining. Large bronchioles 

are sometimes partially distended with baso-

philic debris. Occasional dense clusters of ba-

cilli are scattered within the tissue (inter-

preted as postmortem bacterial overgrowth). 

 

Sections of the ethmoturbinates, brain, and 

tracheobronchial lymph nodes contain simi-

lar lesions, which often appear cystic, and 

consist of myriads of the described yeast as-

sociated with mild to moderate granuloma-

tous inflammation. 

 

Contributor’s Morphologic Diagnosis:  

Lung: Pneumonia, granulomatous, multifo-

cal, mild to moderate, chronic, with myriads 

of intralesional yeast (compatible with Cryp-

tococcus sp.). 

 

Contributor’s Comment:  

The neurologic and respiratory clinical signs 

reported in this young deer are attributed to 

severe, systemic infection due to Cryptococ-

cus sp. Multilocus sequence typing identified 

this fungus as Cryptococcus gattii type VGII. 

To our knowledge, this is the first laboratory 

confirmed case of C. gattii infection in the 

Atlantic provinces in eastern Canada, and the 

first confirmed case in a deer. 

 

Disease in humans and susceptible animals 

due to cryptococcosis is generally restricted 

to several species, grouped into the C. neofor-

mans-C. gattii complex, which include C. 

neoformans var. neoformans, C. neoformans 

var. grubii and C. gattii.1,2 C. gattii is further 

classified via genotyping into 4 groups: VGI, 

VGII, VGIII, and VGIV. 

 

Until the 1990’s, C. gattii was generally con-

sidered restricted to several tropical and sub-

tropical regions of the world, including Aus-

tralia, South America, southeast Asia, parts 

of Africa, and an area of California. Since 

1999, human hospitals on Vancouver Island, 

Canada, have reported a marked increase in 

laboratory confirmed cases of C. gatii 

(mainly types VGI and VGII) infection and 

the Pacific Northwest is now considered an 

endemic area.1 In this same time period, la-

boratory confirmed cases of C. gattii infec-

tions (again, mainly type VGI and VGII) in  
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pet dogs and cats from the area were also 

common.5 In general, veterinary cases were 

diagnosed 2-3 times more frequently than hu-

man cases.5 

 

C. gattii is considered an emerging pathogen 

in a broad range of animals and infection has 

been reported in domestic cats, dogs, horses, 

sheep, cattle, koalas, dolphins, gray squirrels, 

ferrets, birds, and marsupials.1 The organism 

lives in the environment and can be isolated 

from the soil, bark from a wide variety of 

trees, and decaying organic material. In en-

demic areas, the fungus has also been isolated 

from the air, freshwater, and sea water, and 

has been recovered from car wheel wells and 

on footwear from high traffic areas.2 Because 

of some of the latter findings, disruptive en-

vironmental activities (like logging and con-

struction), traffic from endemic areas, and 

movement of bark mulch have all been impli-

cated in the gradual spread of this organism 

to new areas.5 

 

Infection is typically via inhalation of small 

basidiospores or desiccated yeast forms  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

present in the environment. Rarely direct in-

fections through skin wounds have been re-

ported, most frequently in cats. A variety of 

virulence factors have been identified. The 

fungus can multiply at body temperatures. 

The large gelatinous capsule, which gradu-

ally enlarges in chronic infections, serves to 

prevent phagocytosis by macrophages and 

neutrophils. The capsule traps and depletes 

complement and circulating capsular anti-

gens aid in the removal of selectins from en-

dothelial surfaces, thus inhibiting migration 

of neutrophils into tissues. Melanin produc-

tion helps to protect the yeast from host-in-

duced oxidative injury and when present, ap-

pears to assist the organism in invading the 

central nervous system.7 It is interesting that 

although C. neoformans and C. gattii share 

many of the same virulence factors, C. gattii 

(especially types VGI, VGII, and possibly 

VGIII) most commonly causes infection in 

non-immunocompromised people and ani-

mals while C. neoformans primarily infects 

immune-compromised individuals.2 C. gattii 

is considered a primary pathogen, while C. 

neoformans is generally an opportunistic 

Figure 4-3. Lung, deer. Alveolar nodules contain low numbers of widely spaced, occasionally con-
cave yeasts consistent with Cryptococcus sp. (HE, 379X) 
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infection. The cause of this observation is un-

known. It may be related to the level of envi-

ronmental exposure, that is, immunocompro-

mised individuals may have more exposure 

to C. neoformans than C. gattii. Host genetic 

factors and inherent resistances or suscepti-

bility to cryptococcal infection may also play 

a role.2 

 

Given that infection is typically via inhala-

tion, in animals, clinical disease due to C. 

gattii infection most commonly presents as 

chronic rhinitis and pneumonia. Encephalitis, 

via direct invasion from the nasal cavity, or 

sometimes via hematogenous routes, may re-

sult in a wide range of neurologic clinical 

signs. Widespread systemic infection has 

been reported in affected animals. As men-

tioned, cutaneous granulomatous lesions typ-

ically resulting from wound contamination 

may also occur, most commonly in cats. 

 

In other areas, wild and domestic animals 

have acted as sentinels in the early detection 

of C. gattii infection and clinical disease is 

often detected first in animals before human 

cases are identified. Because of this finding, 

Nova Scotia public health officials have been 

notified to include C. gattii infection on their 

list of differential diagnoses, and testing pro-

tocols for suspect cases have been estab-

lished. 

 

Contributing Institution:  

Department of Pathology/Microbiology 

Atlantic Veterinary College 

University of Prince Edward Island 

www.avc.upei.ca 

JPC Diagnosis: 

Lung:  Pneumonia, granulomatous, multifo-

cal to coalescing, mild, with numerous yeast 

consistent with Cryptococcus sp. 

 

JPC Comment:   

Cryptococcus neoformans and C. gattii are 

both stunners, notable among the dimorphic  

 
Figure 4-4. Lung, deer. Yeasts are strongly 
positive for mucicarmine. (Mucicarmine, 
400X) 

 

fungi for their arresting, large capsule. While 

C. neoformans has been known and admired 

since it was first isolated from fermented 

peach juice in the 1890s, C. gattii, perhaps a 

bit more shy, waited until 1970 to be discov-

ered in a leukemic patient and has, until its 

recent incursion in to the Northwest of Can-

ada and the United States, stayed respectfully 

confined to a fairly narrow subtropical 

niche.3 

 

Despite their differences in temperament, 

however, they both share, as a primary viru-

lence factor, a carbohydrate-rich outer cap-

sule composed primarily of glucuronoxylo-

mannan with lesser amounts of galactoxylo-

mannan.3 Far from being just a pretty adorn-

ment, the capsule is a dynamic and defensive 

structure. It can suppress the host immune re-

sponse by downregulating cytokine and 

chemokine secretion in dendritic cells, inhib-

iting binding of complement component C3, 

frustrating phagocytosis, and preventing des-

sication in the environment.3,8 

 

One of the more interesting attributes of the 

Cryptococcus capsule is its ability to switch 

phenotypes. Phenotype switching is an adap-

tive mechanism characterized by structural 

modifications to the capsule and the cell 
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wall.3 Phenotype switching in C. gattii is a 

reversible change between two forms – a mu-

coid form and a smooth form – that occurs 

infrequently in vitro and in chronic infec-

tions.3 Typically, infection begins with mu-

coid form, but subsequent phenotype switch-

ing to the smooth form, which is character-

ized by reduced capsular polysaccharide, al-

lows for penetration of the blood-brain bar-

rier and dissemination to the brain; conse-

quently, while both smooth and mucoid 

forms are found in pulmonary infection, only 

smooth variants are typically found in the 

brain.3 

 

The importance of the capsule to Cryptococ-

cus pathogenicity is best illustrated by the ef-

fects of its absence. Acapsular C. gattii 

strains are far less virulent, and are quickly 

recognized and killed by macrophages and 

dendritic cells.6 If, however, these acapsular 

strains have C. gattii capsular polysaccharide 

deposited on their surface, phagocytosis is 

hindered, the secretion of pro-inflammatory 

cytokines is not triggered, and the fungi are 

not cleared, confirming the key role that the 

capsule plays in immune evasion.8  

 

Conference participants appreciated the 

straight-forward nature of this slide, which 

provides an embarrassment of visual fungal 

riches. Participants noted the minimal 

amount of granulomatous inflammation in 

section, which is much less than would be ex-

pected with other dimorphic fungal infections 

of this severity. Partipants hypothesized that 

this rather languid inflammatory response 

might be due to the cloaking of the Crypto-

coccus capsule. Participants also admired a 

mucicarmine stain which, while beautiful, 

also provoked some discussion on whether 

mucicarine was staining the capsule, the or-

ganism, or both. Participants noted that mu-

cicarmine stains the capsule, while silver 

stains such as GMS can be used to highlight 

the organism and to evaluate the broad or nar-

row-based nature of the budding.  

 

Participants discussed the size of the yeast 

which, in some cases, appeared to exceed the 

standard 5-10 um expected size for Crypto-

coccus gattii. This lead to a discussion of Ti-

tan cells, which are a unique adaptation of 

Cryptococcus species where they grow to un-

usually large size as another mechanism to 

evade phagocytosis. Finally, the efforts of 

some industrious participants were rewarded 

by the discovery of several unheralded nem-

atode larvae within the examined section. 

 

Discussion of the morphologic diagnosis cen-

tered around whether the diagnosis should re-

fer to fungal organisms generally or Crypto-

coccus sp. specifically. The majority of par-

ticipants felt strongly that, given the unique 

morphology, budding, and staining charac-

teristics exhibited in section, this was a diag-

nosis that could confidently be made on H&E 

examination alone.  
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WSC 2023-2024 

Conference 18 Self-Assessment 

1. True or false? In bison, Mycoplasma bovis requires a co-pathogen to manifest disease. 

a. True 

b. False 

 

2. True or false?  There is no chronic carrier state of Mycoplasma bovis in bison.   

a. True 

b. False 

2 

3. True or false? Mammals infected with the H5N1 strain of highly pathogenic avian in-

fluenza raely demonstrate neurologic signs. 

a. True 

b. False 

 

4. Which of the following is not a common histologic finding in rabbit hemorrhagic dis-

ease? 

 

a. Hepatocellular necrosis 

b. Splenic red pulp necrosis 

c. Lymphohistiocytic meningitis 

d. Systemic thrombosis 

 

5. True or false? Cryptococcus can be transmitted by cutaneous wounds. 

a. True 

b. False 

 



381 
 

 

 

 

 

 

 

 

 

 

 

CASE I:   

 

Signalment:  

Adult female corn snake (Pantherophis gut-

tatus) 

 

History:  

An adult corn snake housed as part of a teach-

ing colony presented for a two week history 

of regurgitation. During physical examina-

tion, a coelomic mass-effect was palpated as 

well as scale changes that prompted a scrape. 

Mites were identified and confirmed as 

Ophyionissus natricis. Supportive care was 

initiated. The snake was found dead in its en-

closure several days after initial examination. 

 

Gross Pathology:  

The pleural surface is covered in a thick mat 

of fibrin. On cut section, there are multifocal 

0.1-1.0 cm diameter abscesses containing ca-

seonecrotic exudate. 

 

Laboratory Results: 

PCR on fresh gastrointestinal tissue was pos-

itive for Salmonella sp. and subsequent cul-

ture/genotyping identified S. enterica ssp. en-

terica serogroup C.  

 

PCR on formalin-fixed paraffin embedded 

gastrointestinal tissue was positive for Enta-

moeba invadens. 

 

Microscopic Description:  

Stomach, ileum and colon: Multifocally the 

mucosa is eroded to ulcerated and overlain by  

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Stomach and intestine, cornsnake. 
The mucosa is multifocally ulcerated with 
dense adherent fibrinonecrotic material ex-
tending deep into the tissue. (Photo courtesy 
of: Department of Population Health and 
Pathobiology, North Carolina State Univer-
sity College of Veterinary Medicine, Raleigh, 
NC. https://php.cvm.ncsu.edu/) 

 

thick mats of abundant fibrin mixed with cel-

lular and karyorrhectic debris, numerous bac-

terial colonies, and marked histiocytic and 

heterophilic inflammation (diphtheritic 

membrane). In areas of ulceration where the 

membrane has been lifted, the exposed sub-

mucosa is often lined by numerous round 

protozoal organisms measuring 7-10 µm in 

diameter with a thin basophilic wall filled 

with fibrillar to granular basophilic cyto-

plasm and a single, often eccentrically 

placed, round basophilic nucleus  2-3 µm in 

diameter (ameboid trophozoites). Affected 

submucosa is sometimes expanded by granu-

lation tissue and fibrin Thrombi are fre-

quently present within submucosal capillar-

ies. Rarely, necrosis and inflammation extend 

into the tunica muscularis but does not breach 

the serosal membrane.  
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Figure 1-2. Intestine, cornsnake. There is ex-
tensive necrosis of the mucosa with abun-
dant adherent necrotic debris. (HE, 61X) 

 

Special stains: Periodic acid-Schiff (PAS) 

stain applied to sections of gastrointestinal 

tract highlights the cell wall of amoebic 

trophozoites. 

 

Contributor’s Morphologic Diagnosis:  

Gastrointestinal tract: Severe multifocal, seg-

mentalfibrinonecrotic and histiocytic enteri-

tis with intralesional amoebic trophozoites, 

diphtheritic membranes and fibrin thrombi. 

 

Contributor’s Comment: 

Of amoebic infections in reptiles, Entamoeba 

invadens is one of the more significant path-

ogenic species.4,7 Turtles and crocodiles are 

considered host reservoirs for the organism 

and transmission follows the fecal-oral 

route.4,7 Infective cysts are shed in feces and 

can persist in the environment for prolonged 

periods.4 Ingestion of cysts by susceptible 

species results in enteritis, as seen in this 

case, with some cases extending to the liver 

as well.4,7 Rare systemic infections have been 

reported.4 The pathogenesis of Entamoeba 

invadens is similar to Entamoeba histolytica, 

a pathogenic amoeba that causes dysentery in 

humans and nonhuman primates.9,14 E. in-

vadens is often used as a laboratory model for 

E. histolytica due to its ability to undergo en-

cystation in vitro, which E. histiolytica 

lacks.7,9  

 

The life stages of Entamoeba species include 

the transmissible cyst and the infective 

trophozoite.10 Hosts ingest cysts from con-

taminated environments and the cyst hatches 

into a trophozoite via “excystation” within 

the intestinal lumen.10 Trophozoites then at-

tach to epithelial cells inducing cell injury 

and death through a variety of mechanisms.2 

Attachment of trophozoites to mucins coating 

the intestinal mucosa and enterocytes occurs 

via the amebic Gal/GalNAc lectin.2,10 Troph-

ozoites then induce cell death by releasing 

pore-forming polypeptides called amoe-

bapores and by biting off portions of viable 

cells, a phenomenon referred to as trogocyto-

sis.2 Both result in increased intracellular cal-

cium, culminating in cell death.  

 

Amoeba-induced enterocyte death results in 

ulcerative lesions of the gastrointestinal tract 

and exposes the underlying stroma into 

which trophozoites can invade by releasing 

proteases that break down the extracellular 

matrix.2 This invasion allows for passage of 

trophozoites into the blood vessels where 

they can colonize extraintestinal sites in an 

embolic fashion. In particular, the liver is 

thought to be infected through a hematog-

enous route from the portal vein, resulting in 

liver abscesses.12 Some trophozoites trans-

form back into cysts via “encystation” which 

are passed into the feces to perpetuate the life 

cycle.10  

 

Severity of disease may be affected by the en-

vironment (namely temperature), host im-

mune status, and protozoal virulence fac-

tors.4,7 Additional host factors may include 

diet. Typically, carnivorous lizards and 

snakes develop disease with E. invadens in-

fection while herbivorous turtles infrequently 

develop lesions.7 This may be due in part to 

the protective gut microenvironment that an 

herbivorous diet imparts. Virulence of E. in-

vadens, namely encystation and invasion into 

tissues, decreases in environments rich in 

glucose and gram-negative bacteria.7,9,14 

When comparing the diets of studied reptiles 
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and chelonids, the majority of animals on a 

carnivorous diet developed E. invadens-in-

duced lesions while those on omnivorous and 

herbivorous diets had intermediate and low 

rates of lesion development.7  

 

Aside from E. invadens, snakes can develop 

disease from E. ranarum infection.8,11 Both 

can present as a necrotizing gastroenteritis, 

though extra-intestinal lesions have not been 

reported with E. ranarum.4,8,11  For cases of 

E. invadens that only manifest as intestinal 

disease, as was seen in this case, ancillary 

testing is needed to definitively determine the 

species present. Moreover, it is difficult to 

distinguish between amoebic species on rou-

tine histologic examination and so molecular 

testing, namely polymerase chain reaction as-

says, have been developed to distinguish be-

tween species.1,4 Special stains can be per-

formed to highlight certain features of the or-

ganisms. PAS will stain the walls of cysts and 

trophozoites while trichrome stain can iden-

tify certain cellular features such as the dark 

pink chromatoid bodies.4 The latter is best 

visualized in fecal preparations.4 

 

Differential diagnoses for gastroenterocolitis 

in snakes include salmonellosis and coccidi-

osis.4 While Salmonella spp. PCR and cul-

tures were positive in this case, the yielded 

bacterium, Salmonella enterica ssp. Enterica, 

is considered a commensal in reptiles.4 It’s 

possible dysbiosis secondary to intestinal 

amebiasis led to overgrowth of S. enterica 

ssp. enterica and contributed to morbidity in 

this case. Coccidiosis was also considered 

based on routine histologic evaluation due to 

the relatively smaller size of the organisms 

than is previously reported in cases of E. in-

vadens;4 however, fecal analysis of cohabit-

ants of this snake did not find coccidian or-

ganisms and PCR detected E. invadens in this 

case.  

 

 

 
Figure 1-3. Intestine, cornsnake. Higher mag-
nification of the necrotic mucosa. There are 
numerous flagellates infiltrating the mucosa.   
(HE, 381X) 

 

Contributing Institution:  

Department of Population Health 

and Pathobiology 

North Carolina State University 

College of Veterinary Medicine 

https://php.cvm.ncsu.edu/ 

 

JPC Diagnoses: 

1. Gastrointestinal tract: Gastroenterocol-

itis, necrotizing, multifocal, moderate, 

with numerous flagellates and superficial 

bacteria. 

2. Kidney: Urate stasis with rare gouty to-

phi. 

3. Presumed ovary: Granulomas, multiple. 

 

JPC Comment:   

The contributor provides an excellent over-

view of enteric disease caused by Entamoeba 

invadens and the virulence factors that make 

Entamoeba spp. in general so damaging. As 

the contributor notes, the organisms in this 

case are smaller (approximately 4 µm in di-

ameter) than reported for E. invadens, which 

drew additional, careful scrutiny during con-

ference discussion.  

 

In additional to their small size, the examined 

protozoa are also irregularly shaped and have 

eccentric, small, darkly basophilic, nuclei 

measuring approximately 1 µm in diameter. 

The cytoplasm is occasionally tapered at one 

end into a thin filament, which is interpreted  
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Figure 1-4. Intestine, cornsnake. Numerous 
flagellates infiltrate the necrotic mucosa and 
submucosa.    (HE, 892X) 

 

as a flagellum. The protozoa are often present 

in large clusters of dozens of organisms and 

are overlying ulcerated epithelium.  

 

These characteristics are most consistent with 

infection with flagellates, which commonly 

infect the intestines of snakes and are associ-

ated with ulceration and secondary bacterial 

infections.13 Flagellates infect similar ana-

tomic regions as Entamoeba sp., which can 

make differentiation of these protozoa chal-

lenging. Entamoeba invadens are larger (10-

15 µm in diameter) than flagellates and have 

discrete round nuclei Entamoeba invadens 

typically occur individually (rather than in 

clusters of dozens of organisms) and are more 

invasive with more necrosis, hemorrhage, 

and inflammation than the flagellates seen in 

this case.13 

 

Interestingly, a previous publication investi-

gated 51 snakes with histologically suspected 

Entamoeba invadens infection. The authors 

used immunohistochemistry to confirm or 

rule out Entamoeba infection. Only 22 cases 

were confirmed as Entamoeba invadens; all 

other cases were intestinal flagellate infec-

tions with histological feature similar to the 

present case.  

Histologic lesions secondary to flagellate in-

fection included inflammation and ulceration 

of the intestines with a fibrinonecrotizing 

membrane, and flagellates were reported on 

the surface of ulcerated mucosa, as seen in 

this case.5 This work underscores the histo-

logic similarity between Entamoeba in-

vadens and flagellate infections in snakes, 

and the present case serves as an excellent ex-

ample of the difficulty in differentiating these 

infections.  

 

Flagellates that cause enteritis in snakes are 

not well characterized. Most cases are as-

sumed to represent Monocercomonas spp. 

based on the few reports of this flagellate in 

snake enteritis lesions; however, confirma-

tion of the genus of infective flagellates is 

rarely performed in cases of snake enteritis.15 

Flagellates can infect other organs in reptiles. 

Recent reptile work has described renal flag-

ellates, suspected of finding their way to the 

kidney via reflux into the urinary system 

from the cloaca; flagellate-associated gastro-

enteritis was also commonly reported in that 

case series.6 Conference participants did find 

rare amoebas of the appropriate size within 

the luminal contents, consistent with the con-

tributor’s PCR results; however, snakes can 

be asymptomatic but PCR positive for Enta-

moeba invadens, which is suspected in this 

case.3 

 

This week’s conference was moderated by 

Dr. David Needle, Associate Professor at the 

University of New Hampshire and Senior 

Veterinary Pathologist and Pathology Sec-

tion Chief at the New Hampshire Veterinary 

Diagnostic Laboratory. Dr. Needle led partic-

ipant discussion of this description-rich slide, 

which, after much discussion of the etiologic 

agent as previously detailed, moved to more 
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ancillary lesions, including the gouty tophus 

within the kidney. Participants noted the 

abundant pigment within the renal tubules, 

which is a normal finding in reptiles and is of 

unknown origin. Participants also noted the 

unidentified tissue surrounded by macro-

phages with intracytoplasmic yellow pig-

ment, which participants thought might rep-

resent degenerative changes within aged ova-

ries, though mycobacterial granulomas could 

not be ruled out in the absence of acid-fast 

staining. 

 

Consideration of the morphologic diagnosis 

recapitulated much of the previous confer-

ence discussion, with participants convinced 

that the gastrointerstinal pathology was 

caused by the flagellates aggregated within 

areas of tissue necrosis rather than by the oc-

casional amoeba found within the lumen of 

the gastrointestinal tract. 
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CASE II:  

 

Signalment:  

Adult male white-eared opossum (Didelphis 

albiventris) 

 

History:  

The animal was found dead in an urban park 

in the city of Belo Horizonte, Brazil, and was 

immediately submitted to necropsy.  

 

Gross Pathology:  

There was an extensive area of skin lacera-

tion with exposure of bone and muscle in the 

dorsal proximal portion of the tail. Lungs 

were pale pink with diffuse decreased crepi-

tation. The myocardium had multifocal to co-

alescing 0.2 to 0.4 cm white areas. The liver 

was diffusely yellow and friable. The spleen 

was markedly enlarged with multifocal to co-

alescent white-red areas. The kidneys were 

diffusely yellow with pinpoint multifocal 

white areas. The pelvis of the right kidney 

was moderately dilated, as was the right ure-

ter, which was partially obstructed by a white 

friable plug. The gastric and duodenal lumens 

had  

multiple cylindrical white worms which were 

3 cm long and 0.3 cm in diameter (morpho-

logically compatible with nematodes).  

 

 
Figure 2-1. Lung, opossum. Three sections of 
lung are submitted for examination. (HE, 5X) 

 

 

Laboratory Results:  

Samples of liver, spleen and kidney were 

submitted for bacterial culture. Streptococcus 

didelphis was isolated from all samples.  

 

The nematodes found in the stomach and du-

odenum were identified as Turgida turgida.  

 

Microscopic Description: 

Lung: Bronchi and bronchioles are expanded 

by moderate amount of mucus, intact and de-

generate neutrophils, and some macrophages. 

Interspersed with the mucus, there was a 

moderate number of nematode larvae approx-

imately 50 µm in length x 7 µm in diameter. 

Alveolar septa were diffusely and moderately 

thick and filled by neutrophils and histio-

cytes. Multifocally, in the alveolar lumena 

and terminal bronchioles there are multiple 

adult metastrongyles approximately 260 µm 

in diameter. The parasites have a small and 

ornamented cuticle, a pseudocoelom, an in-

testine with cuboidal cells full of brown in-

tracytoplasmic granules, a uterus with nu-

merous larvae in females and testes with glo-

bose spermatozoa in males. There are mild 

multifocal areas of rupture and coalescence 

of alveolar septa (emphysema). Additionally, 

multifocally there are foamy macrophages in 

the alveolar septa and lumena adjacent to the 

adult parasites. Blood vessels are filled with 

leukocytes. 

 

Contributor’s Morphologic Diagnoses: 

1. Lung: Bronchitis and bronchiolitis, ca-

tarrhal, neutrophilic and histiocytic, mul-

tifocal, moderate, with intraluminal nem-

atode larvae. 

2. Lung: Interstitial pneumonia, neutro-

philic and histiocytic, diffuse, moderate, 

with nematodes morphologically com-

patible with Didelphostrongylus hayesi in 

the lumen of alveoli and terminal bron-

chioles, and mild multifocal emphysema. 
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Figure 2-2. Lung, opossum. Bronchioles con-
tain multiple cross and tangential sections of 
adult male and female metastrongylid nema-
todes. (HE, 35X) 

 

Contributor’s Comment:  

White-eared opossums (Didelphis albiven-

tris) are marsupial mammals that inhabit for-

ests and peri-urban areas in Brazil, Bolivia, 

Argentina, Paraguay, and Uruguay, and, ac-

cording to the IUCN red list, the species is 

considered of Least Concern for the risk of 

extinction.3 Parasitic infections are fre-

quently reported in these opossums, often by 

parasites that also can affect domestic ani-

mals and humans, such as ectoparasites, pro-

tozoans (Leishmania spp., Toxoplasma 

gondii, and Trypanosoma cruzi), and hel-

minths (Toxocara sp., Ancylostoma caninum, 

and Schistosoma spp.).1 

 

Didelphostrongylus hayesi is a nematode of 

the Order Strongylida and superfamily 

Metastrongyloidea that infects the lungs of 

opossums. Infection occurs by ingestion of 

snails  

(Mesodon perigraptus and Triodopsis albo-

labris) which are the intermediate hosts.9 The 

infection can be mild to severe, and the ani-

mals may be asymptomatic or symptomatic, 

with dyspnea, fever and apathy. Radiograph-

ically, the lungs may have a bronchial pattern 

and fecal examination may support the in 

vivo diagnosis by visualizing larval stages.7 

At necropsy, the lungs may be hyperemic 

with a cranioventral pattern. Lungs do not 

collapse when the thoracic cavity is opened, 

and they are firm, with disseminated 

micronodules and adult parasites of approxi-

mately 1.5 to 2.0 mm may be seen in the 

bronchi. In cases of mild to moderate infec-

tion, as in this case, gross changes may be 

mild or absent. Histologically, there are lar-

vae and adult parasites in the  

lumen of bronchi, bronchioles and alveoli, 

with mucus and an inflammatory infiltrate 

that can be neutrophilic, eosinophilic, or his-

tiocytic. The infiltrate associated with the 

adult parasites is mild or absent, whereas lar-

vae and eggs induce a more exacerbated in-

flammatory response, with granulomatous or 

pyogranulomatous inflammation.7,8 There is 

also hyperplasia of the smooth muscle of the 

bronchi and bronchioles, hyperplasia of the 

respiratory epithelium, and emphysema.4, 8 

Worm infections of the lower airways (tra-

chea, bronchi, bronchioles, and alveoli) are 

important causes of morbidity and mortality 

in domestic and wild animals. Histological 

lung lesions by helminthic infections can 

range from mild, such as bronchitis and bron-

chiolitis in cases of mild infections by Dicty-

ocaulus viviparus, to granulomatous, ne-

crotizing, hyperplastic and emphysematous 

lesions. The intensity of the lesions will de-

pend on the immune status of the host, as well 

as the parasite load and reproductive stages 

of the parasites.2 

 

Traumatic injuries frequently occur in opos-

sums due to their synanthropic habits, 

whether due to car accidents, or attacks by 

dogs or people. In this case, the animal pre-

sented with areas of skin laceration and sys-

temic involvement by Streptococcus didel-

phis. Neutrophilic and histiocytic interstitial 

pneumonia, in addition to being associated 

with the parasites, may result from the sys-

temic bacterial process. Streptococcus didel-

phis is a poorly known bacterium that is as-

sociated with cutaneous lesions in opos-

sums.10 A study identified the bacteria in nine 

opossums that had skin lesions. It is believed 

that skin lesions may have been the entry 
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point for this agent in this case and the cause 

of the subsequent development of systemic 

lesions.10 

 

Contributing Institution:  

Departamento de Clínica e Cirurgia 

Veterinária 

Escola de Veterinária 

Universidade Federal de Minas Gerais 

Av. Presidente Antônio Carlos,  

Belo Horizonte, MG, Brazil. 

www.vet.ufmg.br 

 

JPC Diagnoses: 

1. Lung: Bronchopneumonia, catarrhal and 

lymphohistiocytic, multifocal, mild to 

moderate, with metastrongyle adults, lar-

vae, and eggs. 

2. Lung: Pneumonia, interstitial, lympho-

histiocytic and neutrophilic, diffuse, 

moderate. 

 

JPC Comment:  

Didelphostrongylus hayesi is an opossum 

lungworm with a wide distribution and high 

prevalence, above 70% in some studies, in 

opossums in the Americas.8 Oppossums be-

come infected after ingesting intermediate 

hosts which, as the contributor notes, are ter-

restrial snails. The migratory path of the nem-

atode larvae from the gut to the lung is un-

known, but once in the lung, third-stage lar-

vae mature into adults in the airways, partic-

ularly the intrapulmonary bronchi.8 Unlike 

other lungworms, which produce eggs that 

are deposited in host tissues or feces for fu-

ther development, D. hayesi produces eggs 

which hatch within their uteri.6 The hatched 

stage one larvae migrate up the trachea, are 

coughed up, swallowed, and then passed in 

the feces where they contaminate the envi-

ronment and are ingested by their intermedi-

ate gastropod hosts.6 

 

Typical gross lesions include lungs that do 

not collapse, focal to coalescing areas of  

 
Figure 2-3. Lung, opossum. Higher magnifica-
tion of adult nematodes. The larger female 
has multiple cross sections of a uterus con-
taining larvated eggs and an intestine lined 
by few epithelial cells which contains hemo-
siderin. The males (arrows) have a smaller di-
ameter and a single cross section of a testis. 
(HE, 164X) 

 

emphysema, white to tan raised nodules on 

the pleural surface that roughly track the 

branching of intrapulmonary airways, and 

visible adult forms of D. hayesi on the vis-

ceral pleura.8 Histologically, D. hayesi shares 

many common characteristics with its metas-

trongyle brothers and sisters, to include a 

smooth cuticle, a pseudocoelom, an intestine 

composed of few multinucleated cells with 

an indistinct brush border, and coelomyarian 

musculature. In the United States, opossum 

lungs are frequently co-infected with D. 

hayesi and the capillarid nematode Eucoleus 

aerophilus.8 

 

Discussion of this case centered initially on 

the histologic appearance of the lungworm it-

self, with some participants noting an appar-

ent eosinophilic fluid within the pseudo-

coelom, typically a feature of spirurids. The 

moderator noted that this is commonly seen 

in wildlife nematode infections and specu-

lated that this could be a degenerative change. 

Other participants noted that spirurids typi-

cally have, among other distinguishing fea-

tures, prominent lateral cords, which are not 

present in the examined section.  
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Figure 2-4. Lung, opossum. Alveolar septa are 
hypercellular with hyperplasia of intraseptal 
macrophages, lymphocytes, and neutrophils. 
(HE, 380X) 

 

Participants noted the rather dramatic smooth 

muscle hyperplasia within vascular walls 

throughought the section, the extent of which 

seems inconsistent with the small number of 

organisms in section. Other participants 

noted that a prominent smooth muscle layer 

is normal in the vasculature of some species, 

such as the cat, and that opossum control tis-

sue would be helpful in determining if the 

vascular “lesions” are, in fact, pathologic. 

 

Finally, participants discussed the thickened 

alveolar septa and prominent diffuse intersti-

tial pneumonia, lesions which are not typi-

cally associated with lungworm infection. 

Participants reviewed the clinical history and 

speculated that the interstitial pneumonia was 

likely due to bacterial sepsis. This separate 

pathogenesis warranted two separate differ-

ential diagnosis, with the bronchopneumonia 

attributed to the metastrongyles and the inter-

stitial pneumonia attributed to sepsis. 
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CASE III:  

Signalment:       

5-year-old male porcupine (Erethizon dor-

satum) 

History:  

This porcupine was born in captivity and 

transferred to another zoo one year later. The 

animal showed the following clinical signs: 

apathy, shortness of breath, and ataxia. The  

clinical examination revealed a body temper-

ature of 33.2°C. The animal died shortly after 

the onset of symptoms. 

Gross Pathology:  

Liver: On gross examination, the liver was 

predominantly wine-red, with some black-

red areas. The liver margins were partly 

blunt-edged. The cut surface was demar-

cated, wine-red and firm. Furthermore, there 

were several to abundant beige-coloured, 

soft, sharply demarcated foci with a diameter 

of 1 to 5 mm. 

Microscopic Description:  

Liver: There are multifocal, randomly dis-

tributed hypercellular foci affecting 30% of 

the liver parenchyma. The foci consist of 

many macrophages, lymphocytes, and few 

neutrophils. Scattered hepatocytes display 

cytoplasmic swelling, pallor, membranous 

rupture, nuclear pyknosis and karyorrhexis 

(lytic necrosis). Within the inflammatory foci 

there are rare intrahepatocytic, intracytoplas-

mic, 15-20 µm in diameter, oval apicom-

plexan cysts with a thin capsule and more 

than 20, 1-2 µm, basophilic, banana-shaped 

bradyzoites, and rare extracellular, 1-2 µm, 

basophilic, oval tachyzoites. Portal areas are 

expanded by 2-5 layers of lymphocytes, mac-

rophages, and plasma cells. There is minor  

 

 
Figure 3-1. Liver, porcupine. The submitted 
section of liver does not show any lesion (ex-
cept subjective rounding of edges) at sub-
gross magnification. (HE, 5X) 
 

and variably distributed bile duct hyperplasia 

and portal fibrosis.  

Inflammatory changes with variable severity 

were found in the heart, lungs, intestines, 

spleen, urinary bladder, and brain (not on  

submitted slide). 

Contributor’s Morphologic Diagnosis:  

Liver: Hepatitis, lymphohistioplasmacytic 

and necrotizing, multifocal, random, sub-

acute, moderate with intralesional apicom-

plexan cysts. 

Contributor’s Comment:  

Due to the typical histomorphological find-

ings, an infection with Toxoplasma gondii (T. 

gondii) was suspected as the cause of the le-

sions in the present case. Immunohistochem-

istry was performed and T. gondii was veri-

fied as the causative agent. 

Toxoplasmosis is one of the most common 

and widespread diseases in humans and 

warm-blooded animals worldwide.10 In 1908, 

the parasitic pathogen was first isolated from 

a gundi (Ctenodactylus gundi) in Tunis and a 

rabbit from South America.1 The genus toxo-

plasma contains T. gondii as the only species, 

which can be divided into 189 different gen-

otypes.1,3 The epidemiological and pathoge-

netic significance depends on the respective 

genotypes. In the northern hemisphere, 
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especially in Europe, the most common gen-

otypes are 1 and 3. Genotypes 2 and 5 are 

mainly isolated in North America and geno-

types 2 and 3 in Africa. In China, genotypes 

9 and 10 represent the majority of isolates.1 

T. gondii has a very broad host spectrum; 

thus, numerous warm-blooded animals as 

well as humans are susceptible as intermedi-

ate host. Cats and wild felids serve as final 

hosts. 

Epidemiology: Approximately one third of 

the world's human population is infected with 

T. gondii, although prevalence varies from 

region to region. In the USA and the United 

Kingdom, about 16 to 40% of people are in-

fected.7,9 In contrast, the infection rate in 

Central and South Africa and continental Eu-

rope is 50 to 80%.9 Evidence of infection was 

found in 31 of the world's 39 felid species.10 

Prevalence in wildlife animals depends on 

various physical, biological, and ecological 

factors as well as climatic conditions and the 

susceptibility of host species.10 The preva-

lence in marine mammals (e.g., seals, sea ot-

ters and dolphins) is particularly interesting, 

as it ranges from 47 to 100%. There have 

been some reports of toxoplasmosis in New 

World porcupines emphasizing this species 

as susceptible to the disease. Numerous com-

parable cases of toxoplasmosis have been de-

scribed in various animals in zoologic gar- 

 
Figure 3-2. Liver, porcupine. There are areas 
of hepatocellular necrosis and loss with infil-
tration of macrophages and neutrophils ran-
domly scattered throughout the section. (HE, 
480X) 

dens, including New World primates, Aus-

tralian marsupials, and Pallas’ cats.2 Toxo-

plasmosis is an important cause of sporadic 

and epizootic mortality in zoo populations. In 

most cases, the affected animals are over 12 

months old. Old world monkeys, rats, cattle, 

and horses seem highly resistant to infec-

tion.1,2 

Pathogenesis/development cycle: T. gondii 

exhibits facultative heteroxenic develop-

ment.3,12 Depending on the position in the de-

velopmental cycle, different morphological 

stages of T. gondii occur.8 Tachyzoites repre-

sent slightly curved, crescent-shaped cells 

with an apical complex at the anterior pole 

and a nucleus in the posterior half of the cell. 

The cell contains one chromosomal and one 

mitochondrial genome as well as a genome of 

circular DNA. Outside the host cell, the 

tachyzoites are only viable for a short period 

of time and are destroyed during gastric pas-

sage. During endodyogeny, bradyzoites are 

formed within the cyst lumina. The cysts, 

which are up to 150 µm in size, develop in-

tracellularly in various tissues and, due to 

their resistant  wall, have a relatively long life 

span in the host. A cyst can carry up to sev-

eral thousand bradyzoites. The oocyst con-

tains two sporocysts with four sporozoites 

each. Overall, development in the final and 

intermediate host proceeds along different 

paths, whereby only nucleated cells are in-

fected. Both intermediate and definitive hosts 

can become infected under natural conditions 

mainly via three infectious routes: oral inges-

tion of oocysts from the environment (hori-

zontal); oral ingestion of cysts within the tis-

sues of intermediate hosts (horizontal); and 

diaplacental or galactogenic transmission of 

tachyzoites (vertical). 

A particular key role in transmission or 

spread is played by cats, which are the only 

domestic animals that serve as a final host. In 

cats that are primarily infected by cysts, a 

massive excretion of oocysts, which can last  
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Figure 3-3. Liver, porcupine. Cytoplasmic cyst 
of Toxoplasma gondii within a hepatocyte.   
(Photo courtesy of: Institute of Veterinary Pa-
thology, Faculty of Veterinary Medicine, Leip-
zig University; An den Tierkliniken 33, 04103 
Leipzig, Germany; https://www.vetmed.uni-
leipzig.de/institut-fuer-veterinaer-patholo-
gie) (HE, 400X) 

up to 20 days, occurs after a prepatency pe-

riod of 3 to 10 days. The majority of brady-

zoites released from ingested cysts usually 

remain in the small intestine. They initiate 

merogony and gametogeny in the intestinal 

epithelium, giving rise to the unsporulated 

oocysts. The remaining bradyzoites immedi-

ately penetrate the intestinal wall and reach 

the other internal organs via the lymphatic 

and blood pathways, resulting in extraintesti-

nal development of the parasite. In contrast, 

when the cat is infected with oocysts, asexual 

reproduction must immediately take place in 

the extraintestinal organs. Some of the 

tachyzoites subsequently migrate into the in-

testinal wall and initiate development in epi-

thelial cells until oocysts are formed. After a 

prepatency of 18 to 36 days, about 50 % of 

the cats excrete oocysts with the faeces.  

The oocysts excreted by the cat are initially 

unsporulated and non-infectious. The gener-

ation of the infectious sporulated oocysts 

takes 1 to 5 days under conditions of suffi-

cient oxygen supply, moisture, and tempera-

ture. Due to their very high resistance to 

environmental destruction, the sporulated oo-

cysts pose a high risk of infection for humans 

and other animals. Once the intermediate host 

is infected, the bradyzoites or sporozoites im-

mediately penetrate the intestinal wall after 

oral ingestion of the oocysts or cysts. This is 

followed by lymphohaematogenous spread 

into various organ systems, including mesen-

teric lymph nodes, liver, lungs and striated 

muscles. Two asexual multiplication phases 

are carried out in the organs. Intestinal devel-

opment is absent. 

 

Macroscopic and microscopic findings: De-

pending on the localization of the parasitic 

structures, macroscopic and histologic le-

sions can be found in several organs. The 

lungs, brain, and liver are most commonly af-

fected by the changes.4 The lungs show inter-

stitial pneumonia, type II pneumocyte hyper-

plasia, and a necrotizing component associ-

ated with edema and hemorrhage. The liver 

shows mild hepatomegaly and clearly visible 

grey, white, or yellow foci. In histopathology 

of the liver, as in the other affected organs, 

necrosis is dominant. In the brain, T. gondii 

is found in most cases as a tachyzoite form in 

macrophages, glial cells, or neurons. Further-

more, it is possible to detect tissue cysts. In 

all affected organs, macrophages, lympho-

cytes and plasma cells are the dominant cell 

population of the inflammatory component. 

The formation of granulomas can occur. 

There may be a minor and variable neutro-

philic component.  

In a previously published case report of tox-

oplasmosis in a porcupine, microscopic 

changes were found in the liver, lungs, heart, 

and spleen, in agreement with the present 

case.6 Reported histopathologic findings in 

porcupines include necrotizing hepatitis, 

lymphohistiocytic and necrotizing myocardi-

tis, lymphohistiocytic encephalitis, and lym-

phohistiocytic interstitial nephritis.6 Thin-

walled tissue cysts with numerous bradyzo-

ites, as well as tachyzoites, have been 
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described within alveolar macrophages, free 

in the alveoli, between myocardial fibers, and 

within glomeruli and tubular epithelial cells.6 

 

Diagnosis: T. gondii infection can be diag-

nosed by many different methods. For the se-

lection of the most suitable diagnostic proce-

dure, the immune status of the patient, the 

clinical signs, and the severity of the symp-

toms should be considered. The detection can 

be done indirectly using serology or by direct 

detection of the parasite antigen or DNA.10 

The following techniques can be used: poly-

merase chain reaction (PCR; parasite detec-

tion), enzyme-linked immunosorbent assays 

(ELISAs; IgG/IgM/IgA detection; serology), 

indirect fluorescence antibody tests (IFATs; 

serology), comparative Western blotting (se-

rology), Sabin-Feldman dye test (serology), 

and mouse bioassay. In veterinary medicine, 

histopathology and immunohistochemistry 

are of primary diagnostic importance. Fur-

thermore, the diagnosis can be confirmed by 

electron microscopy.  

Differential diagnosis: The genera Ham-

mondia, Neospora and Besnoitia should be 

considered as etiologic differential diagno-

ses.3 Like the genus Toxoplasma, these be-

long to the family Toxoplasmatidae. A relia-

ble differentiation of the oocysts of the 

named genera is not possible by means of his-

tological examination alone. 

Contributing Institution:  

Institute of Veterinary Pathology 

Faculty of Veterinary Medicine 

Leipzig University 

Leipzig, Germany 

https://www.vetmed.uni-leipzig.de/institut-

fuer-veterinaer-patholgie/ 

 

JPC Diagnosis: 

Liver: Hepatitis, necrotizing, subacute, mul-

tifocal, random, mild to moderate, with intra-

cytoplasmic apicomplexan zoites. 

  

 
Figure 3-4. Liver, porcupine. Apicomplexan 
cysts are strongly immuopositive for antibod-
ies against Toxoplasm gondii. (Photo cour-
tesy of: Institute of Veterinary Pathology, 
Faculty of Veterinary Medicine, Leipzig Uni-
versity; An den Tierkliniken 33, 04103 Leipzig, 
Germany) (anti-T. gondii, 400X) 

 

JPC Comment:   

The contributor provides an excellent, thor-

ough overview of toxoplasmosis, and rightly 

notes that Toxoplasma gondii infection has 

been documented in a wide range of mamma-

lian hosts. Prevalence rates vary, but are 

throught to surpass 50% in dogs, rabbits, and 

sea otters; 60% in rats, mice, and birds; and 

70% in humans, cats, bears, and deer.13  

 

T. gondii has been extraordinarily successful 

by protozoal standards, and its successful 

transmission to many species worldwide is 

due, in part, to its ability to modify its hosts’  

behavior for its own benefit.13 This “manipu-

lation hypothesis” explains how parasites that 

are immature in the intermediate host ensure 

that they are eaten by the appropriate defini-

tive host so the parasite can mature and com-

plete its life cycle.13 The classic toxoplasmo-

sis pairing is the cat, which serves as the de-

finitive host in which gamteogeny occurs, 

and the mouse, in which shizogeny occurs, 

and this classic pair provides an illustrative 

example of the manipulation hypothesis. In-

fective oocysts, which develop in the feline 
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host, are ingested by the wild rodent, where 

the parasites  

undergo asexual reproduction followed by 

encystation in multiple tissues, including the 

brain.13 Because sexual maturation can be ac-

complished only in felines, there is strong 

evolutionary pressure for the parasite to de-

velop mechanisms to ensure transmission 

from the mouse to the cat through preda-

tion.13 

 

Researchers investigating the behaviors of T. 

gondii-infected mice found that the infected 

mice showed decreased learning capacity and 

memory compared to their uninfected coun-

terparts. Because cats are more attracted to 

moving, exposed prey, investigators con-

ducted a series of studies to determine if T. 

gondii infection increased activity levels. Re-

searchers determined that infected mice were 

more active than their uninfected counter-

parts and spent more time in exposed or novel 

environments than control mice.13 

 

Subsequent mouse and rat studies evaluated 

whether T. gondii infection affected rodents’ 

perception of cat predation risk as measured 

by their response to cat odor.13 Cat odor is 

well-known to elicit aversion behavior in la-

boratory rodents, even after hundreds of gen-

erations have been raised in the laboratory 

environment with no lived experience with 

feline predation.13 Results show that, while 

uninfected rodents show the expected aver-

sive behaviors toward cat-treated areas, in-

fected rodents exhibited not only a reduction 

in this aversive behavior, but also exhibited a 

significant, potentially suicidal preference for 

cat-treated areas.13 

 

Convinced that T. gondii has behavior-modi-

fying effects, researchers investigated 

whether treatment with antipsychotic drugs, 

many of which were known to inhibit T. 

gondii replication in cell cultures, could ame-

liorate the behavioral effects of T. gondii in 

rodents.13  Infected but untreated rodents 

demonstrated the same attraction to feline 

odors as seen previously; however, following 

treatment with schizophrenia drugs such as 

haloperiodol and valproic acid, such cat-

seeking behaviors, as well as the numbers of 

neurons and glial cells immunohistochemi-

cally positive for T. gondii,  were signifi-

cantly reduced.13 

 

The mechanisms by which T. gondii modifies 

rodent behavior are currently unknown, 

though neuromodulation has been suggested 

as the dominant mechanism. Studies attempt-

ing to determine the neurologic basis of anx-

iety often use the reaction of rodents to cats 

as a research model, and such studies have 

found that blocking certain receptors in the 

amygdala or providing serotonin antagonists 

causes rodents to display the same lack of 

aversion to cats that T. gondii-infected ro-

dents display.13 Additional research has 

shown substantial differences in certain neu-

rotransmitter levels in infected versus unin-

fected rodents, suggesting additional mecha-

nisms by which T. gondii may be achieving 

its behavior modulatory effects.13 Additional 

research is needed to further elucidate the 

protozoal magic that causes normally 

avoidant rodents to run headlong into the 

jaws of a primary predator. Though interest-

ing in its own right, understanding these 

mechanisms could have profound implica-

tions for human behavior given the high lev-

els of suspected T. gondii infection in the hu-

man population.  

 

The moderator emphasized the need for mo-

lecular diagnostics when attempting to differ-

entiate among the various apicomplexans, 

many of which look identical on H&E exam-

ination. Participants appreciated this straight-

forward example of hepatic toxoplasmosis, 

which sparked a discussion of how an organ-

ism such as T. gondii, which has no known 
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virulence factors, can cause such significant 

necrosis.  
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CASE IV:  

Signalment:  

1-year-old male Visayan hornbill (Penelo-

pides panini) 

History: 

The animal was found dead from suspected 

hypothermia following an enclosure heating 

malfunction. The animal was submitted for 

necropsy. No other birds were affected. 

 

Gross Pathology:  

The bird weighed 0.5 kg (slightly under-

weight) and was in lean body condition with 

ample skeletal muscle bulk and minimal 

body fat. The ventriculus contained a moder-

ate amount of yellow, soft, diphtheritic mate-

rial replacing the koilin layer centered on a 

central, ovoid, 14 x 18 mm mucosal ulcer. 

The adjacent duodenum was diffusely and 

transmurally reddened and contained moder-

ate volumes of red-tinged mucoid fluid over-

lying eroded intestinal mucosa. Concurrent 

macroscopic findings included moderate dif-

fuse splenomegaly and marked diffuse pul-

monary edema. 

 

Laboratory Results: 

Microbiology: Anaerobic cultures of the ven-

triculus and small intestine isolated a moder-

ate growth of Clostridium perfringens. 
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Figure 4-1. Ventriculus, hornbill. There is a 
thick fibrinonecrotic membrane adherent to 
the mucosa of the ventriculus. (Photo cour-
tesy of:  International Zoo Veterinary Group 
Pathology, https://www.izvg.co.uk/pathol-
ogy/ about.htm) 

 

Aerobic cultures produced mixed scant 

growth of Proteus spp., Escherichia coli, and 

Enterococcus spp. Selective cultures for Sal-

monella, Campylobacter, Shigella, and Yer-

sinia were sterile.  

 

PCR: The bacterial isolate was identified as 

Clostridium perfringens by matrix-assisted 

laser desorption/ionization time of flight 

(MALDI-TOF) analysis. 

 

A PCR toxin profile identified alpha toxin; 

beta, epsilon, iota, beta-2, and enterotoxin 

were all absent. 

 

Microscopic Description:  

Ventriculus-duodenal junction: Overall af-

fecting approximately 70-80% of the exam-

ined ventriculus, there is widespread multifo-

cal-to-coalescing erosion and degeneration of 

the koilin layer, characterized by superficial 

erosive scalloping and variable separation of 

the superficial horizontal koilin matrix layers 

due to fibrillary to finely globular protein de-

generation with numerous intralesional small 

interspersing colonies of gram-positive rod-

like bacteria that range in size from 1-2 x 3-6 

µm. Multifocal areas of more extensive 

koilin necrosis are seen, characterised by 

complete loss of horizontal koilin matrix ar-

chitecture and replacement by hypereosino-

philic amorphous koilin protein debris. 

Where extensive, koilin necrosis is confluent 

with regions of ventricular mucosal ulcera-

tion, with tissue replaced by hypereosino-

philic lytic cytonuclear debris admixed with 

abundant fibrin, moderate heterophilic and 

histiocytic inflammation, and numerous 

small (approx. 50-micron diameter) to me-

dium-sized (approx. 400-micron diameter) 

colonies of dense rod-like bacteria, together 

forming a fibrinonecrotising (diphtheritic) 

membrane. Remnant epithelial mucosa ex-

hibits variable features of crypt dilatation 

(containing either fine fibrillary hypoeosino-

philic proteinaceous content or hypereosino-

philic koilin matrix) and epithelial cell de-

generation (including cell swelling, loss of 

apical cilia, loss of cytoplasmic detail, kar-

yorrhexis and nuclear pyknosis), the latter 

multifocally leading to lytic necrosis (cyto-

plasmic rupture, exudation of degenerate cy-

toplasm and karyolitic nuclei). Mild to mod-

erate mixed inflammatory infiltrates (mostly 

degenerate heterophils, lymphocytes, and 

plasma cells with occasional macrophages) 

are seen throughout the lamina propria. Ven-

tricular smooth muscle layers are multifo-

cally disrupted by infiltrating heterophils 

with variable degrees of myofibrillar swell-

ing, fiber splitting, striation loss, and nuclear 

pyknosis and karyorrhexis. Mild heterophilic 

infiltrates occasionally infiltrate through the 

subserosal layers, and are mostly associated 

with variably degenerate adipose tissue. 

Myenteric plexi are unaffected. Ventricular 

blood vessels exhibit relative increases in cir-

culating heterophils (granulocytosis). Small 

sections of duodenum are also present in the 

examined section, which exhibit mild to 

moderate superficial autolytic mucosal exfo-

liation. Where better preserved, mild multifo-

cal areas of lytic mucosal necrosis are 
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observed with associated loss of villi and 

crypts, plus blunting and fusion of remaining 

adjacent villi. Prominent lymphoplasmacytic 

infiltrates are seen within the lamina propria, 

with occasional heterophils scattered 

throughout. The submucosa, muscle layers, 

and serosa appear generally unremarkable. 

Gram stain confirms the prescence of numer-

ous gram-positive, rod-like bacteria, con-

sistent with Clostridium perfringens. Ziehl-

Neelsen stain for acid-fast organisms is neg-

ative. PAS stains were negative for fungal or-

ganisms. 

 

Pancreas: Histologically unremarkable. 

 

Contributor’s Morphologic Diagnosis:  

Severe, subacute, multifocal-to-coalescing, 

fibrinonecrotising and ulcerative ventriculitis 

with koilin necrosis and intralesional gram-

positive rod-like bacteria consistent with 

Clostridium perfringens, gizzard. 

 

Contributor’s Comment:  

The gram-positive anaerobic spore-forming 

bacteria Clostridium perfringens is a major 

enteric pathogen in animals, represented by 7 

distinct toxinotypes (A to G) based on the de-

tection of 6 toxin genes: alpha (cpa gene), 

beta (cpb), epsilon (etx), iota (itx), entero-

toxin (cpe), and necrotic enteric B-like toxin 

(netb).1,2 Whilst typically found in intestinal 

flora of healthy birds, physiologic stress may 

promote C. perfringens-associated necrotic 

enteritis (NE), a significant disease caused by 

types A (cpa only), C (cpa and cpb), and G 

(cpa and netb-toxin).3,5 Necropsy findings in 

this case include distended and friable small 

intestines with multifocal-to-coalescing fibri-

nonecrotising mucosal ulcers covered by 

“Turkish-towel”-like diphtheritic pseudo-

membranes.2 C. perfringens may subse-

quently invade the portal system and biliary 

tract, causing cholangiohepatitis.2 Histologi-

cally, gram-positive rod-like bacteria may be 

seen initially adhered to villous tips and later  

 
Figure 4-2. Ventriculus, hornbill. There is ex-
tensive loss of koilin and partial-thickness 
mucosal necrosis. A large fibrinonecrotic 
membrane extends into the lumen. (HE, 9X) 

 

embedded within foci of mucosal to transmu-

ral intestinal necrosis.2  

 

Outbreaks in avian collections occur infre-

quently, with clinical infection characterized 

by sudden onset of high mortality and small 

intestinal mucosal necrosis. NE typically af-

fects domestic poultry but has also been de-

scribed in more wild and exotic avian species 

such as lorikeets, macaws, toucans, and 

crows.1-3,5,9 C. perfringens can be ubiquitous 

in the environment, particularly if soil-based 

substrate is used in the enclosure, therefore 

review of enclosure hygiene protocols is usu-

ally recommended in zoological collections 

when cases occur.  

 

This case was particularly unusual in that the 

ventriculus was the primary organ affected, 

rather than the small intestine, which is more 

typical in other avian species. The most im-

mediate cause of death was attributed to bac-

teraemic sepsis, based on the observation of 

heterophilic infiltrates within other viscera 

(i.e., liver, lung, and spleen) plus necrotizing 

hepatitis associated with similar intralesional 

gram-positive rod-like bacteria. To the con-

tributor’s knowledge, this is the first reported 

case of C. perfringens-associated ventriculi-

tis in a hornbill, and in the Order Buceroti-

formes.  
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Figure 4-3. Ventriculus, hornbill. Higher mag-
nification of the mucosal necrosis with nu-
merous bacterial colonies. (HE, 48X) 

 

Contributing Institution: 

International Zoo Veterinary Group  

Station House, Parkwood Street 

Keighley, West Yorkshire 

United Kingdom 

http://www.izvg.co.uk/pathol-

ogy/pabout.htm 

 

JPC Diagnoses: 

1. Ventriculus: Koilin erosion and ulcera-

tion, multifocal, subacute, moderate, with 

glandular hyperplasia and numerous ex-

tracellular bacteria. 

2. Ventriculus: Vasculitis, fibrinoid and het-

erophilic, multifocal, moderate. 

3. Adipose: Atrophy, diffuse, moderate. 

 

JPC Comment:   

Clostridium perfringens and its various sub-

types and toxins are well-known to veterinary 

students, residents, and practitioners, who 

have developed all manner of mnemonics 

dedicated to classifying C. perfringens types 

based on toxin production. This pathogen is 

so well-known because it is so ubiquitous in 

the environment and is the cause of many dis-

tinct enteric diseases in humans and in a wide 

variety of animal species, particularly among 

herbivores.8 

 

The currently classification scheme classifies 

C. perfringens types based on the production 

of particular “typing toxins,” but all isolates 

produce numerous other toxins and hydro-

lytic  

enzymes that contribute to virulence.8 In ad-

dition, genes encoding beta, epsilon, and iota 

toxins are encoded on plasmids which also 

contain conjugation loci, and transfer of epsi-

lon toxin plasmids from type D strains to type 

A strains, with subsequent production of ep-

silon toxin, which effectively turns type A 

into type D, has been observed, meaning that 

the beloved classification scheme is essen-

tially based on the plasmid complement car-

ried by an individual organism.8 

 

The only clostridial toxin isolated in this 

case, alpha toxin (CPA), is a chromosomally-

encoded toxin that is produced by all strains 

of C. perfringens.8,10 CPA is a phospholipase 

that compromises  cellular function by de-

grading phosphatidylcholine and sphingomy-

elin, both of which are components of eukar-

yotic cell membranes.10 Release of CPA 

causes damage to erythrocyte and other cell 

membranes, resulting in cell lysis via phos-

pholipid degradation and the activation of 

other cellular mechanisms that culminate in 

lysis. CPA also activates the arachidonic acid 

metabolic pathways, resulting in the produc-

tion of thromboxanes, leukotrienes, and pros-

taglandins, resulting in inflammation and 

vasoconstriction.10 In small amounts, CPA 

impaires leukocyte migration and causes 

their intravascular aggregation at the periph-

ery of lesions, leading to a reduction in blood 

flow, subsequent hypoxia and necrosis, and 

the creation of an anaerobic niche for the pro-

liferation of C. perfrigens.10 

 

The role of CPA in mammalian intestinal dis-

ease is controversial. C. perfringens  type A 

causes yellow lamb disease, a rare form of 

enterotoxemia in lambs that is characterized 

by depression, anemia, icterus and hemoglo-

binuria.10 It is generally assumed that these 

clinical signs and the associated gross and 

microscopic lesions are caused by the action 
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of CPA, but no definitive proof is available.10 

Similarly, C. perfrigens type A is blamed for 

enteritis, abomasitis, and enterotoxemia in 

cattle, horses, goats, and pigs, though no de-

finitive evidence for CPA’s role in the patho-

genesis of these diseases has been discov-

ered.10 The picture is further muddied by the 

detection of CPA in the intestinal contents of 

clinically healthy animals, making the pres-

ence of CPA diagnostically irrelevant for 

type A diseases in many species.10 C. 

perfringens type A is known to produce gas 

gangrene (also known as malignant edema) 

in many domestic animals and in humans and 

CPA has long been assumed to be the causa-

tive agent; however, in a recurring theme, 

there is no concrete evidence that the disease 

produced by the bacterium is the result of 

CPA.10  

 

The controversy surrounding CPA extends to 

avian diseases. While Clostridium perfrigens 

type A is frequently found as the sole agent 

in a variety of enteric avian diseases, it is un-

clear if CPA is responsible for the observed 

lesions.3,5,8 In fact, CPA was long considered 

the key virulence factor for necrotizing enter-

itis in broiler chickens until recent research 

demonstrated that NetB, not CPA, is the main 

lesion-causing virulence factor produced by 

the newly-described C. perfringens type G 

strain.5,7  

 

This case prompted robust discussion from 

conference participants, who noted, as did the 

contributor, how the ventriculus is an unusual 

and surprising location for C. perfringens-as-

sociated disease. Participants were surprised 

at the extent of the koilin destruction and ul-

ceration, which would be an unusual mani-

festation of clostridial disease and is more in-

tense than would be expected from stress in-

duced from a relatively short period of cold 

exposure. 

 

 
Figure 4-4. Ventriculus, hornbill. There are 
numerous bacterial colonies within the de-
generate koilin in the ventricular lumen. (HE, 
48X) 

 

In general, koilin erosion and ulceration in 

the ventriculus of birds has many associated 

conditions, and is likely a multifactorial dis-

ease. In chickens, koilin erosion and ulcera-

tion is considered a syndrome and termed 

“gizzard erosion and ulceration,” or GEU. 

Numerous causes for GEU have been pro-

posed, including starvation, genetic factors, 

inappropriate feed, toxins, nutritional defi-

ciencies, and infections. C. perfringens is one 

infection agent that has been putatively asso-

ciated with this condition and may have 

caused the koilin erosion and ulceration in 

this case.4 

 

Also of particular interest was the multifocal 

heterophilic vasculitis present through the 

ventriculus. The cause of this vasculitis is not 

apparent in the examined section and vascu-

litis is not a lesion commonly associated with 

clostridial infection in birds, leading partici-

pants to believe that this likely represents a 

separate pathologic process. As heterophilic 

vasculitis and koilin ulceration can be caused 

by fungal infections in birds,6 participants 

scrutinized the section for fungal hyphae, but 

no fungal elements were observed. Other 

possible causes of vasculitis include bacterial 

sepsis, viral disease, and immune-mediated 

vasculitis. In this case, the cause of the vas-

culitis is ultimately unknown. 
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Participants also noted fat atrophy in the ex-

amined section, corresponding to the clinical 

history that the bird was underweight. The fat 

atrophy, vasculitis, and severe koilin layer ul-

ceration and erosion comprise an unusual 

constellation of lesions which prompted an 

array of hypothetical pathogeneses, none of 

which could be definitely confirmed by the 

examined section alone. In the end, partici-

pants chose to separate each lesion into sepa-

rate morphs due to the uncertain relationships 

between them.   
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WSC 2023-2024 

Conference 19 Self-Assessment 

1. Which of the following is least likely to develop lesions associated with Entamoeba 

invadens? 

a. Snake  

b. Herbivorous turtles 

c. Lizard 

d. Crocodilians 

 

2. Entamoeba invadens kills cells by which of the following? 

a. Oncosis 

b. Necrosis  

c. Trogocytosis  

d. Apoptosis 

 

3. Which of the following is the intermediate host of the metastrongyle parasite Didel-

phstrongylus hayesi? 

a. Cockroaches  

b. Oligochaete worms  

c. Snails  

d. Copepods 

 

4. How many species are in the genus Toxoplasma? 

a. 1 

b. 2 

c. 3 

d. 4 

 

5. Necrotic enteritis caused by Clostridium perfringens is most commonly seen in which 

of the following? 

a. Corvid birds  

b. Chickens  

c. Waterfowl  

d. Zoo birds  
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CASE I:   

 

Signalment:  

12-year-old, female spayed Schipperke dog 

(Canis familiaris) 

 

History:  

A 12-year-old, female spayed Schipperke 

dog presented with multisystemic disease in-

cluding severe enteropathy, hepatopathy, 

pneumonia, and dermatitis. The patient had 

been on long-term budesonide, prednisone, 

and dexamethasone for inflammatory bowel 

disease. 

 

Gross Pathology:  

Gross examination revealed severe ulceration 

of the mucosal surface of the colon, with 

abundant necrotic and fibrinous debris over-

lying the sites of mucosal injury. The me-

dial/internal aspect of the right ear pinna was 

crusted with regionally extensive ulceration 

and mild hemorrhage. The skin, sclera, gin-

giva, and subcutaneous fat were mildly ic-

teric. The liver was friable and homoge-

nously pale tan and moderately enlarged, 

with slightly rounded margins. All liver lobes 

had disseminated pale tan foci ranging from 

3-5 mm in diameter. The spleen was mildly 

enlarged with a meaty consistency. The lungs 

were diffusely mottled pink to purple, with 

similar disseminated pale tan foci as the liver. 

The bone marrow (left femur) was diffusely 

reddened.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Colon, dog. There is diffuse ulcer-
ation of the colonic mucosa with abundant 
adherent necrotic debris. (Photo courtesy of: 
Veterinary Diagnostic Laboratories, Colorado 
State University, Fort Collins, CO, http://csu-
cvmbs.colostate.edu/vdl/Pages/de-
fault.aspx) 

 

Laboratory Results: 

Neospora caninum PCR: DNA detected in 

colon samples. 

Toxoplasma gondii PCR: DNA not detected 

in colon.  

Leishmania spp. PCR: DNA not detected in 

liver samples.  

 

Microscopic Description:  

Colon: There is marked multifocal to coa-

lescing ulceration of the colonic mucosa. 

Overlying the injury are thick mats of ne-

crotic cellular debris, fibrin, large numbers of 

histiocytes and degenerate neutrophils, en-

trapped mixed bacteria, and low amounts of 

hemorrhage. Inflammation, necrosis, and 

edema extend deep throughout the submu-

cosa and muscularis, disrupting the mural ar-

chitecture. Throughout areas of inflammation 

and within muscle fibers of the muscularis 

are myriads of unicellular tachyzoite parasitic 

organisms. Tachyzoites are 2-3 µm long by  
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Figure 1-2. Colon, dog. There is diffuse ulcer-
ation of the mucosa and multifocal transmu-
ral necrosis of the wall. (HE, 5X) 

 

1-2 µm wide, almond shaped, with a round 

basophilic nucleus, and perinuclear clearing 

extending to both tapered ends. Rarely there 

are encapsulated clustered of tachyzoites 

(cysts). These organisms are also present 

within epithelial cells and endothelial cells. 

 

Protozoal tachyzoites and cysts stain positive 

for Giemsa and negative for GMS and Gram 

stain. 

 

Contributor’s Morphologic Diagnosis:  

Colon: Severe, multifocal to coalescing, 

necroulcerative colitis with myriad intrale-

sional protozoa. 

 

Contributor’s Comment: 

In addition to the lesions in the colon, 

tachyzoites were identified in the liver, 

spleen, and skin, and fewer numbers were 

identified in the bone marrow and lungs. 

There was variable necrotizing to histiocytic 

inflammation in each affected tissue. The 

morphology of the tachyzoites, along with 

the detection of Neospora caninum by PCR, 

are diagnostic of an unusual case of dissemi-

nated neosporosis. Differentials considered 

included Toxoplasma gondii and Leishmania 

spp. Toxoplasmosis cannot be distinguished 

from neosporosis histologically. Molecular 

diagnostics such as PCR have been instru-

mental in the diagnosis and differentiation of 

the two diseases. Leishmaniasis typically can 

be distinguished from the apicomplexan par-

asites due to the presence of the kinetoplast 

within amastigotes, but this is not always 

readily identifiable in standard H&E prepara-

tions.  

Neospora caninum is an apicomplexan para-

sitic organism with a heteroxenous life cycle, 

for which canids are the definitive host.4,7,8  

In canids, disease is uncommon but typically 

presents as neuromuscular disease.8,12,13  In 

puppies (<6 months) the typical clinical 

presentation is an ascending, progressive pa-

ralysis with rigidity and muscle atrophy, 

mostly of the pelvic limbs.3,4,5,12  Adult dogs 

may experience recrudescence of latent in-

fections, with multifocal CNS signs and pol-

ymyositis. The gross findings may include 

embolic foci of necrosis and hemorrhage in 

the brain and spinal cord and white streaking, 

corresponding to necrosis, in the muscles. 

Tachyzoites can be found free in the tissues 

or within histiocytes, endothelial cells, neu-

rons, and epithelial cells, and are usually ac-

companied by marked necrosis and granu-

lomatous inflammation.1,2,5,6,12 

 

Cases of myocarditis, pneumonia, dermatitis, 

and dissemination are less common and have 

typically been associated with immunosup-

pression including steroid or chemotherapeu-

tic administration.4,9,10,11 In this case, the pa 

 

 
Figure 1-3. Colon, dog. There is transmural 
necrosis of the wall. (HE, 15X) 
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tient was on immunosuppressive doses of 

budesonide, prednisone, and dexamethasone  

for presumptive inflammatory bowel disease. 

Additionally, the patient had a history of cop-

raphagia as well as regular exposure to cattle.  

Cattle are the most common intermediate 

host, for which mid-term abortion (at about 

5-6 months gestation) is the most common 

clinical presentation.3,4,5,7,8, The absence of 

gross lesions is common in cattle; however, 

if present, the pathognomonic lesion in 

aborted fetuses is multifocal foci of necrosis 

in brain tissue.5,6,14 

 

Contributing Institution:  

Veterinary Diagnostic Laboratories 

Colorado State University 

Fort Collins, CO 

http://csu-cvmbs.colostate.edu/vdl/Pages/de-

fault.aspx 

 

JPC Diagnosis: 

Colon: Colitis, necrotizing, multifocal to co-

alescing, transmural, with vasculitis, throm-

bosis, and numerous intramyocytic, in-

traendothelial, and free zoites. 

 

JPC Comment:   

Neospora caninum shares many histologic 

and biologic features with the closely related 

apicomplexan parasite Toxoplasma gondii; 

however, there are key differences between 

the two related to host range, virulence fac-

tors, and pathogenesis.4 N. caninum follows a 

life cycle in which canids, including domestic 

and wild dogs, coyotes, wolves, and dingoes, 

serve as definitive hosts where sexual repli-

cation occurs, and a variety of intermediate 

hosts provide the ecological niche for asexual 

replication. As the contributor notes, the most 

common intermediate host is cattle, and it ap-

pears that the N. caninum life cycle is main-

tained globally through the close association 

between domestic dogs and cattle farms.4 Ev-

idence also exists for a sylvatic cycle, involv-

ing wild canids and ruminant species in North  

 
Figure 1-4. Colon, dog. Higher magnification 
of the transmural necrosis. (HE, 25X) 

 

America, with a particular high seropreva-

lence noted among North American white-

tailed deer.4 

 

The N. caninum life cycle involves three 

main life stages: sporozoites within sporu-

lated oocysts, rapidly dividing tachyzoites, 

and slowly dividing bradyzoites that are se-

questered from the host immune system 

within tissue cysts.4 The oocyst is the envi-

ronmentally hearty form of the parasite and is 

formed by sexual replication in the intestinal 

epithelial cells of canids and subsequently 

expelled in their feces. The oocysts then spor-

ulate within 24-72 hours in the environment 

and develop two sporocysts, each of which 

contains four sporozoites.4 Intermediate hosts 

become infected by ingesting sporulated oo-

cysts, which then release their sporozoites in 

the gastrointestinal tract. Sporozoites then in-

fect intestinal epithelial cells, where they 

transform into tachyzoites that infect a vari-

ety of nucleated cells, including mononuclear 

cells that can traffic them throughout the 

body, and then replicate within parasitoph-

orous vacuoles within the host cell cyto-

plasm.4 

 

During acute infection, tachyzoites may be 

found in almost all tissues of the body and re-

peated cycles of replication, host cell lysis, 

tachyzoite release, and infection of surround-

ing cells produce characteristic lesions and 

clinical signs. After approximately 20 cycles 

of replication, tachyzoites differentiate into  
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Figure 1-5. Colon, dog. There is extensive ne-
crosis within the smooth muscle of the inner 
longitudinal layer. Some fibers are shrunken 
and hypereosinophilic (atrophy) (HE, 300X) 

 

bradyzoites within tissue cysts under pressure 

from the host immune response, and a quies-

cent, asymptomatic infection develops that 

can last for the life of the host.4 This long-

term persistent infection may recrudesce with 

changes in the host’s immune status, such as 

pregnancy, immunodeficiency, or, as in this 

case, immunosuppressive therapy.4 

 

Transmission of N. caninum, which can be 

vertical or horizontal, has been extensively 

studied due to the economic losses caused by 

abortions in infected cattle herds.3,4 Vertical 

transmission is the predominant form of 

transmission in cattle, and can occur follow-

ing ingestion of sporulated oocysts from the 

environment (exogenous transplacental 

transmission) or following recrudescence of 

infection of a persistently infected cow dur-

ing pregnancy (endogenous transplacental 

transmission).4 Endogenous transplacental 

transmission is the main mechanism by 

which N. caninum is maintained in the do-

mestic cattle population, with fetal transmis-

sion rates as high as 95%.4 Persistently in-

fected cattle have an abortion risk between 

1.7-7.4 times the risk of a naïve cow, though 

the risk diminishes with successive pregnan-

cies, suggesting that some degree of host im-

munity sufficient to frustrate endogenous 

transplacental transmission develops over 

time.4 

 

As illustrated by this case, a robust host im-

mune response is critical to controlling N. 

caninum infection. Studies in cattle demon-

strate that a Th1-type response is essential for 

restricting parasite replication and the con-

version of tachyzoites to bradyzoites in tissue 

cysts.4 Conversely, host immunosuppres-

siontips the scales toward a Th2-type re-

sponse, causing recrudescence characterized 

by the conversion of bradyzoites to tachyzo-

ites and uncontrolled tachyzoite prolifera-

tion.4 

 

The role of humoral immunity is less clear, 

but it likely controls  N. caninum infection by 

antibody neutralization of extracellular 

tachyzoites.4 

 

This week’s moderator was Dr. Francisco 

Uzal, Professor in the Department of Pathol-

ogy, Microbiology and Immunology at the 

University of California Davis School of Vet-

erinary Medicine and the California Animal 

Health and Food Safety Laboratory. Discus-

sion of this case initially centered on the 

terms “ulceration” and “erosion,” and 

whether either was appropriate to describe 

the mucosa in this case. Conference partici 

 

 
Figure 1-6. Colon, dog. Attempts at regenera-
tion of damaged smooth muscle are evi-
denced by large, often pleomorphic nuclei 
within smooth muscle cells.  Leiomyocytes 
occasionally contain a cytoplasmic cyst con-
taining numerous zoites (arrows). (HE, 400X) 
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Figure 1-7. Colon, dog. Another field in which 
smooth muscle cells contain cytoplasmic api-
complexan cysts. (HE, 400X) 

 

pants opined that the difference between the 

two was a matter of depth, with some partic-

ipants using “ulceration” to indicate that the 

mucosal epithelium is lost, whereas others 

define the term to mean a lesion that extends 

deep to the muscularis mucosa. The term 

“erosion,” for both camps, is reserved for 

more superficial mucosal loss, especially in 

areas in which the mucosa is composed of 

multiple layers of cells, such as the esopha-

gus. 

 

Participants next discussed the significant 

vasculitis observed throughout the section 

and whether the vasculitis was the cause or 

an effect of the massive, transmural necrosis 

present throughout the section. Participants 

felt that, while organisms were found in 

many endothelial cells, the vasculature was 

largely caught up in the inflammatory and ne-

crotic milieu produced by N. caninum. Partic-

ipants also noted the clinical history of in-

flammatory bowel disease and wondered if 

pathology associated with that condition was 

confounding histologic interpretation. 

 

Discussion of the morphologic diagnosis was 

relatively straightforward in this case, though 

participants felt they would not have been 

able to determine whether the section was 

from the large or small intestine without the 

contributor’s tissue identification. Partici-

pants also felt that the vasculitis and the tissue 

distribution of the organisms were notable 

histologic features and were thus included in 

the morphologic diagnosis. 
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CASE II:  

 

Signalment:  

Three month old female Quarter Horse 

(Equus caballus) 

 

History:  

A 3-month-old Quarter Horse filly presented 

to the Iowa State University Equine Internal 

Medicine Service for diarrhea of two weeks 

duration. The foal had been treated with 

omeprazole and sucralfate and several 

courses of trimethoprim sulfa and ceftiofur 

with no resolution of clinical signs. 

Gross Pathology:  

There were severe multifocal to coalescing, 

0.1 cm to 5 cm pale nodules in all lung lobes. 

Some nodules were cream-colored with a fri-

able consistency and were surrounded by a 

firm, white capsule. Others had a pale yellow 

liquid exudate exuding from the center of the 

nodule. The jejunum had multifocal, up to 0.5 

cm in diameter ulcerations. Throughout the 

large colon and cecum, there were multifocal 

to coalescing ulcerations of the mucosa, 

which were covered by thick, yellow to dark  

 

Figure 2-1. Colon, horse. Throughout the 
large colon and cecum, there are multifocal 
to coalescing ulcerations of the mucosa. On 
the serosal surface, mostly along the mesen-
tery, there are numerous multifocal to coa-
lescing nodules containing caseous yellow 
material. (Photo courtesy of: Department of 
Veterinary Pathology, College of Veterinary 
Medicine, Iowa State University, https://vet-
med.iastate .edu/vpath) 

green, friable material. On the serosal sur-

face, mostly along the mesentery, there were 

numerous multifocal to coalescing nodules 

containing caseous yellow exudate. These 

nodules had a thick white capsule and ranged 

in size from 1 mm to 5 cm. The peritoneal 

cavity contained yellow, cloudy fluid.  

Laboratory Results:  

A fecal sample was submitted to UC Davis 

for foal gastrointestinal and diarrhea panel 

testing (Clostridium difficile toxins A and B, 

Equine coronavirus, Lawsonia intracellu-

laris, Salmonella spp, Cryptosporidium spp, 

equine rotavirus, Rhodococcus equi, Clos-

tridium perfringens antigen and toxins CPA, 

CPB, CPB2, netF, and CPE). The sample was 

positive for Rhodococcus equi and Rhodo-

coccus VapA gene was confirmed by PCR. 

 

Microscopic Description: 

Colon, cecum, and mesenteric lymph node: 

Elevating the ulcerated mucosa, expanding 
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the submucosa and muscularis with extension 

to the serosa and the nearby lymph node are 

multifocal to coalescing aggregates of hy-

pereosinophilic coagulum surrounded by nu-

merous degenerate neutrophils admixed with 

plump foamy macrophages, epithelioid mac-

rophages and multinucleated giant cells that 

frequently contain clusters of basophilic 1 to 

3 um coccobacilli (pyogranulomatous in-

flammation with liquefactive necrosis). The 

mucosa is partially or completely devoid of 

epithelium and is replaced by fibrinonecrotic 

debris and similar inflammatory cells sur-

rounded by proliferated fibrous connective 

tissue. Multifocally, blood vessels are oc-

cluded by numerous degenerate inflamma-

tory cells, foamy macrophages with intra-

cytoplasmic coccobacilli, and hyalinized fi-

brinous meshes. Within the mesenteric 

lymph node, there is a complete loss of nodal 

architecture and the cortex and medulla are 

replaced by pyogranulomas. 

 

Histochemical staining: The intrahistiocytic 

coccobacilli are highlighted by Gram stain 

(in blue color) and Fite's stain.  

 

 
Figure 2-2. Colon and lymph node, horse. A 
section of colon and adjacent lymph node is 
submitted. The mucosa and submucosa are 
effaced by abundant pyogranulomatous in-
flammation that multifocally extends into 
the underlying muscularis and serosa. The 
lymph node is effaced by the same inflamma-
tory infiltrate. (HE, 5X) 

 

 

 

 
Figure 2-3. Colon, horse. Higher magnifica-
tion of pyogranulomatous inflammation 
within the colonic wall.  (HE, 20X) 

 

Contributor’s Morphologic Diagnoses: 

1. Colon and cecum: Severe, multifocal to 

coalescing, chronic, pyogranulomatous, 

fibrinonecrotic typhlocolitis, with numer-

ous intrahistiocytic coccobacilli. 

2. Lymph nodes: Severe, multifocal to coa-

lescing, chronic, pyogranulomatous lym-

phadenitis with numerous intrahistiocytic 

coccobacilli. 

 

Contributor’s Comment:  

Rhodococcus equi is a gram-positive, facul-

tative intracellular bacterium commonly 

found in soil and the gastrointestinal tract of 

herbivores.6 The pathogen primarily causes 

diseases in foals and also affects cattle, sheep 

and goats, pigs, dogs, llamas, and immuno-

compromised humans.1,3,6 Infections of Rho-

dococcus equi usually occur in foals between 

1 and 6 months of age and usually present as 

pyogranulomatous bronchopneumonia and 

ulcerative enterocolitis.6 

In horses, inhalation of the bacterium from 

the environment and swallowing of mucus-

containing Rhodococcus equi from the air-

way are the major routes of infection.3,6 R. 

equi is phagocytosed by macrophages and 

dendritic cells through the mannose-binding 

receptor, and the uptake of the bacteria is en-

hanced by complement and complement re-

ceptor 3.9 With plasmid pathogenicity island 

(PAI)-encoded virulence-associated protein 

A (VapA) gene and positive regulators (orf4 

and orf8), Rhodococcus equi can survive and  
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Figure 2-4. Colon, horse. Pyogranulomas are 
composed of numerous variably degenerate 
neutrophils admixed with plump foamy mac-
rophages, epithelioid macrophages, and mul-
tinucleated giant cells that frequently con-
tain clusters of basophilic, 1 to 3 um cocco-
bacilli. (HE, 400X) (Photo courtesy of: Depart-
ment of Veterinary Pathology, College of Vet-
erinary Medicine, Iowa State University) 

 

replicate in macrophage phagosomes through 

inhibition of phagosome acidification and 

phagosome-lysosome fusion.6,7,9 Hematog-

enous dissemination within macrophages to 

other sites in the body then occurs. Horizon-

tally-acquired chromosomal virulence fac-

tors, such as a polysaccharide capsule, my-

colic acid, lecithinase, phospholipase C, and 

cholesterol oxidase also play key roles in the 

development of systemic pyogranulomatous 

inflammation.6,7,9 In goats and pigs, R. equi 

with VapN and VapB plasmids, respectively, 

are considered the virulent strains that cause 

systemic pyogranulomatous inflammation.7 

R. equi without the aforementioned Vap 

genes are classified as avirulent.4 

 

In foals, multifocal to coalescing nodules 

with caseous centers usually develop in the 

cranioventral lung, but all lung lobes may be 

affected in severe cases.6 Volcano ulcers cov-

ered by necrotic debris are seen over Peyer’s 

patches in the small intestine, cecum, and 

large colon.6 The nearby lymph nodes are 

enlarged with variably-sized abscesses. The 

histologic features of R. equi infection in-

clude suppurative to pyogranulomatous bron-

chopneumonia with numerous neutrophils, 

macrophages, and multinucleated giant cells. 

In the intestine, infiltration of macrophages 

and neutrophils in the lymphoid follicles and 

caseous necrosis that extends to the covering 

epithelium are characteristic features. With 

time, the mucosa is covered with thick fibri-

nonecrotic debris. Some foals can also de-

velop polyarthritis, osteomyelitis, and ab-

scessation in multiple internal organs.6,7 In-

frequently, abortion caused by R. equi has 

been described in horses, with fetal lesions 

comparable to those in foals.5 With special 

histochemical stains, R. equi  is gram-posi-

tive and weakly acid-fast.  

 

Differential diagnoses for systemic pyogran-

ulomatous inflammation in horses include 

fungal and mycobacterial infections; how-

ever, concurrent pyogranulomatous pneumo-

nia and ulcerative enterotyphlocolitis are 

characteristic of R. equi. Bacterial culture 

with positive detection of the VapA gene in 

isolated R. equi can confirm the diagnosis. 

 

Contributing Institution:  

Department of Veterinary Pathology 

College of Veterinary Medicine 

Iowa State University 

https://vetmed.iastate.edu/vpath 

 

JPC Diagnoses: 

1. Colon: Colitis, pyogranulomatous and 

necrotizing, chronic, multifocal to coa-

lescing, severe, with pyogranulomatous 

lymphangitis and edema, and numerous 

intrahistiocytic and free coccobacilli. 

2. Lymph node: Lymphadenitis, pyogranu-

lomatous and necrotizing, chronic, multi-

focal to coalescing, severe, with numer-

ous intrahistiocytic and free coccobacilli. 
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Figure 2-5. Colon, horse. A Gram stain high-
lights bacteria within macrophages. (Gram, 
400X) (Photo courtesy of: Department of Vet-
erinary Pathology, College of Veterinary 
Medicine, Iowa State University) 

 

JPC Comment:  

As the contributor notes, pathogenic Rhodo-

coccus equi strains have the ability to repli-

cate unimpeded within equine macrophage 

vacuoles.2 The ability to persist inside these 

vacuoles is dependent on the rapid and abun-

dant production of virulence-associated pro-

tein A (VapA), which is triggered primarily 

by temperatures above 33ºC, as occurs in 

mammalian hosts, and secondarily by low en-

vironmental pH.2 Once expressed, VapA lo-

calizes to the bacterial membrane where it in-

teracts with or is released into the vacuolar 

environment.2,8 

 

VapA promotes the intracellular survival of 

R. equi by increasing phagosome and lyso-

some pH. Reserachers were initially sur-

prised to find lysosomal acidification af-

fected by VapA since R. equi multiply, and 

VapA is produced, within special phagocytic 

vacuoles that are distinct from host cell lyso-

somes; however, further research demon-

strated that VapA is transferred from the 

phagocytic vacuole to lysosomes early in in-

fection, possibly by vesicular transport.8 In 

both the phagocytic vacuole and the lyso-

some, secreted VapA raises the pH of the 

compartment, leading to increased prolifera-

tion of R. equi and inactivation of acid hydro-

lases that would normally kill and digest the 

organisms.2 

 

VapA raises the pH of intracellular compart-

ments via two main mechanisms, the first of 

which is the exclusion of the proton-pumping 

ATPase (vATPase) from the phagosome 

membrane.8 In normal cellular metabolism,  

lysosomal and phagosomal membranes are 

enriched with hundreds of vATPase com-

plexes which acidify the lysosome by pump-

ing hydrogen ions from the cytosol into the 

lysosome. In phagosomes and lysosome con-

taining VapA, however, the plasma mem-

branes have minimal, background levels of 

vATPase complexes, and this vATPase ex-

clusion continues with prolonged infection 

times, preventing rapid acidification of lyso-

somes.8 The exact mechanism of the 

vATPase exclusion remains unknown.  

 

VapA also raises the pH of lysosomes and 

phagosomes by permeabilizing their lipid 

membranes, further dissipating the acidic 

proton gradient.2,8 Studies have demonstrated 

that this permeabilization in vivo is sufficient 

to allow the release of protons or protonated 

water, but not complete enough to lead to ly-

sis of the phagosomal or lysosomal mem-

branes.2 The end result of these two mecha-

nisms is to create “leaky,” semipermeable in-

tracytoplasmic niches of relatively neutral pH 

where R. equi can thrive.  

 

The intracellular thriving of R. equi is well il-

lustrated in this slide, with scores of cocco-

bacilli packed within macrophages and free 

throughout the examined tissue. The tremen-

dous tissue damage wrought by R. equi once 

again made tissue identification difficult for 

conference participants, though most were 

able to narrow the tissue to either cecum or 

colon. Some participants remarked on prom-

inent smooth muscle in the wall of many  
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Figure 2-6. Colon, horse. Coccobacilli are acid-
fast, as demonstrated by a Fite-Faraco stain. 
(Fite-Faraco, 400X)(Photo courtesy of: De-
partment of Veterinary Pathology, College of 
Veterinary Medicine, Iowa State University) 

 

vessels in section; however, the moderator 

noted that this, along with occasional miner-

alization, is a common, incidental feature of 

equine vasculature.  

 

The moderator noted that VapA production is 

necessary for pathogenesis and that R. equi 

strains without the plasmid-encoded gene are 

clinically inert. While an etiologic diagnosis 

of R. equi infection may technically require 

PCR for the VapA gene, the moderator noted 

that R. equi has a distinctive look (pyogranu-

lomas, volcano ulcers) and distribution 

(lungs and colon) that make the diagnosis 

fairly straightforward if you have good old-

fashioned horse sense. This is particularly 

true when, as in this case, the tremendous tis-

sue destruction provides strong gross and his-

tologic circumstantial evidence of patho-

genicity.  
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CASE III:  

Signalment:       

5-year-old female Holstein (Bos taurus) 

History:  

This adult cow was admitted to the clinic with 

sudden onset of weakness, abdominal pain, 
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and bloody feces. In the preliminary report, 

an embryo wash was performed three weeks 

prior to submission. A suspected diagnosis of 

hemorrhagic bowel syndrome was made. The 

animal underwent abdominal surgery (man-

ual blood clot dissolution) and symptomatic 

treatment; however, the cow spontaneously 

died the following night.  

Gross Pathology:  

The distal jejunum was distended and filled 

with coagulated blood. Multifocal intramural 

hematomas (approximately 3 x 2 x 1 cm) as 

well as blood coagula adherent to the intesti-

nal mucosa (approximately 40 cm length, on 

average) were present in the affected seg-

ment.  

Orally to the described lesion, the jejunal mu-

cosa was diffusely bright red with multifocal 

dark red areas and multiple, up to 1 mm in 

diameter large, submucosal hematomas. In-

testinal contents in the cecum and colon were 

dark-red, viscous, and admixed with large 

amounts of coagulated blood, whereas the 

rectum was empty. Additionally, there were 

multifocal petechial hemorrhages on the se-

rosal surfaces of internal organs. A small 

amount of serous, red fluid was found in the 

greater omentum. Moderate pharyngeal 

edema was present. Additionally, the liver 

was diffusely soft and beige-yellow with 

mildly rounded edges. Moreover, the nose 

and lungs showed diffuse, moderate hypere-

mia and the lung also a mild, diffuse, alveolar 

edema.  

Laboratory Results: 

Salmonella spp. were not isolated from a 

small intestine sample. Bovine viral diarrhea 

virus and bovine herpesvirus-1 were not iso-

lated in cell culture. PCR for Bluetongue vi-

rus and bovine herpesvirus-1 were negative 

as well. The test for the proteinase K-resistant 

prion protein was negative. 

Immunohistochemistry on smooth muscle 

actin using the avidin-biotin peroxidase  

 
Figure 3-1. Jejunum, ox. The distal jejunum is 
filled with clotted blood. (Photo courtesy of:  
Department of Pathology, University of Vet-
erinary Medicine, Hannover, Buenteweg 17, 
30559 Hannover, Germany, 
http://www.tiho-hannover.de/kliniken-in-
stitute/institute/institut-fuer-pathologie) 

 

technique revealed a splitting of the lamina 

muscularis mucosae with accumulation of 

blood between the muscle layers. 

 

Microscopic Description:  

Approximately 90% of the tissue section 

shows a separation of the mucosa from the 

submucosa due to extensive submucosal he-

matoma formation. The overlying mucosal 

layer displays moderate necrosis but also au-

tolysis with bright eosinophilic cellular de-

bris and multifocal dilated villus lacteals. 

Furthermore, the mucosal layer is focally 

eroded. Also moderate numbers of rod-

shaped bacteria can be observed on the lu-

minal surface as well as mild fibrin formation 

in between the separated muscle layers. 

 

Contributor’s Morphologic Diagnosis:  

Jejunum: Segmental mucosal necrosis and in-

tramural hematoma formation, bovine. 

 

Contributor’s Comment:  

Hemorrhagic bowel syndrome (HBS), first 

described in the early 90s, is a sporadic, often 

fatal disorder characterized by acute exten-

sive segmental jejunal hemorrhage and intra-

mural hematoma formation predominantly  
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Figure 3-2. Jejunum, ox. Multifocal intramu-
ral hematomas, as well as blood coagula ad-
herent to the intestinal mucosa, are present 
in the affected segment. (Photo courtesy of:  
Department of Pathology, University of Vet-
erinary Medicine, Hannover, Buenteweg 17, 
30559 Hannover, Germany) 

affecting adult dairy cattle.2,3 A significant 

proportion of the affected animals are of 

Brown Swiss breed.2 

Among other clinical symptoms, notable 

blackberry jelly-like blood clots within feces, 

decreased milk production, tachycardia 

and/or palor of mucous membranes are com-

monly reported.3 Post-mortem findings usu-

ally include one or more short jejunal seg-

ments with severe intramural hemorrhage/he-

matoma formation, which may completely or 

partially obstruct the intestinal lumen.5 These 

findings were also observed in this case. In-

traluminal blood clots were mostly observed 

at the areas of ruptured mucosa. The histo-

logic findings in this case are consistent with 

previously described lesions.1,2 A mild to 

moderate vasculitis, which has been de-

scribed in some cases, was not observed in 

the presented case.1,2,5 

The etiology and pathogenesis of this disor-

der is currently unknown. Several infectious 

factors, including the contribution of Clos-

tridium perfringens or Aspergillus fumigatus, 

have been suspected, but no statistically sig-

nificant relations have been detected so far.5 

Thus, the observed bacteria are more likely 

secondary to the progressing disease and au-

tolysis.5 Due to dilated villus lacteals and the 

moderate to severe submucosal vasculitis ob-

served in other reported cases, it has been hy-

pothesized that an initial vasculopathy or ab-

normal lymphatic function may be responsi-

ble for the prominent dissecting hemor-

rhages, but these theories have not been con-

firmed.1  

Recent findings indicate that hemorrhages 

appear to originate within the lamina muscu-

laris mucosa (Lmm) and lead to the eruption 

of the mucosa with severe intraluminal bleed-

ing and blood clot formation within the jeju-

num.2 The splitting of the Lmm potentially 

leads to the rupture of the many arterioles that 

course through the Lmm and supply blood 

from the submucosa to the subepithelial ca-

pillary beds.2 This process is further acceler-

ated by the arterial blood pressure, which re-

sults in a “zipper-mechanism” characterized 

by expanding, dissecting hemorrhages.2  

In the present case, an immunohistochemical 

stain for α-smooth muscle actin (SMA) was 

performed which identified SMA-positive 

fragments of Lmm beneath the mucosa adja-

cent to the hemorrhage as well as on the con-

tralateral side framing the tunica muscularis. 

Furthermore, immunohistochemical cy-

tokeratin staining visualized the intestinal ep-

ithelium. Overall, the described findings cor-

respond to previously reported cases and sup-

port the assumption that the fragmentation of 

the Lmm, which surrounds the hematoma, is 

a consequence of the intramuscular hema-

toma formation.2 The cause of the spontane-

ous detachment of the Lmm layers remains 

unclear. Mucosal necrosis is considered as a 

change secondary to the resulting ischemia 

rather than a primary inflammatory entity 

such as described in hemorrhagic enteritis.2  

Shock gut syndrome and hemorrhagic enteri-

tis should be considered as differential  
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Figure 3-3. Jejunum, ox. There is dissecting 
hemorrhage within the wall of the jejunum.  
(HE, 4X)(Photo courtesy of:  Department of 
Pathology, University of Veterinary Medi-
cine, Hannover, Buenteweg 17, 30559 Han-
nover, Germany) 

diagnoses. The “shock gut” syndrome is most 

common in dogs and results in decreased per-

fusion of the intestine. It is morphologically 

characterized by congestion of intestinal mu-

cosa, as well as reddish intestinal content.5 

Hemorrhagic enteritis in adult cattle can be 

caused by infectious (Salmonella spp., coro-

naviruses) and non-infectious factors (arse-

nic, oak, oleander poisoning) and manifests 

as reddish intestinal content, congested mu-

cosa and diarrhea.5 

Cattle affected by HBS often show acute on-

set of poor general condition, clotted blood in 

the feces, and sudden death.1 The treatment 

can be symptomatic or surgical; however, in 

either case the prognosis is rather poor with 

most animals dying or being euthanised.5 

Contributing Institution:  

Department of Pathology  

University of Veterinary Medicine 

Hannover, Germany 

http://www.tiho-hannover.de/kliniken-insti-

tute/institute/institut-fuer-pathologie/ 

 

JPC Diagnosis: 

Small intestine: Mural hemorrhage, segmen-

tal, acute, diffuse, severe. 

  

JPC Comment:   

The typical gross and histologic lesions of 

hemorrhagic bowel syndrome (HBS), also 

known as jejunal hemorrhage syndrome, 

have been well described in the veterinary lit-

erature and are nicely summarized by the 

contributor.1-3 Other common causes of in-

traluminal intestinal hemorrhage include in-

tussusception, volvulus, salmonellosis, bo-

vine viral diarrhea virus infection, coccidioi-

sis, coagulopathies, and intestinal foreign 

bodies; however, HBS differs from these dif-

ferentials by the presence of large intralu-

minal or intramural blood clots that result in 

small intestinal obstruction, most commonly 

in the jejunum.2,3  

 

Hematologic parameters of HBS-affected 

cattle largely reflect the acute, hemorrhagic 

nature of the disease. There is usually a neu-

trophilia and hyperglycemia, both attributa-

ble to the release of inflammatory cytokines 

and endogenous, stress-related steroid re-

lease.3 The physical obstruction of the proxi-

mal intestine results in sequestration of abo-

masal secretions, leading to electrolyte ab-

normalities, most commonly hypochloremia 

and hypokalemia.3 Liver enzymes, such as 

sorbitol dehydrogenase and gamma-glu-

tamyltransferase may be elevated due to gas-

trointestinal obstruction or stasis and subse-

quent absorption of bacteria and toxins from 

the affected area of intestine.3 Other abnor-

malities include increased blood urea nitro-

gen, attributed to intraluminal digestion of 

blood, hyperlactatemia, and acidemia; incon-

sistent calcium and magnesium derange-

ments have been reported.3,4 

 

The acute nature of the disease and the poor 

prognosis despite treatment make HBS a 

source of high economic losses, and efforts 

are underway to determine the cause of the 

disease, the existence of any ante-mortem bi-

omarkers, and the most promising treatments 

for acutely affected animals. Recent efforts  
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Figure 3-4. Jejunum, ox.  A smooth muscle ac-
tin stain demonstrates the elevation of the 
mucosa off of the underlying submucosa and 
smooth muscle layers. (anti-SMA, 4X)(Photo 
courtesy of:  Department of Pathology, Uni-
versity of Veterinary Medicine, Hannover, 
Buenteweg 17, 30559 Hannover, Germany) 

 

have begun mining biosensor data, routinely 

collected from dairy cows to monitor estrus 

and milk yields, to determine if any clinically 

silent premonitory signs can be identified. 

The first such report on these efforts found 

that decreases in rumination time and activ-

ity, rumen mobility, rumen temperature, and 

milk yields preceeded clinically evident 

signs, offering a potential early alert mecha-

nism to identify and treat dairy cows early in 

the course of disease.4  

 

Conference participants appreciated the 

unique, striking subgross histologic appear-

ance of this case and discussion focused 

largely on whether the mucosal changes rep-

resent necrosis or autolysis. Participants be-

lieved that the changes were largely autolytic 

due to the lack of visible thrombi in section 

and the fact that tissue in less-affected, nor-

mal  areas of the section had a similar histo-

logic appearance. Participants also reviewed 

a smooth muscle actin immunohistochemical 

stain which illustrated the dramatically thin 

rim of muscularis mucosae lining the hema-

toma and nicely illustrated the splitting of this 

histologic layer as described in a recently 

published article characterizing this entity.2  

 

The moderator noted that, though HBS cases 

have become rare recently, his diagnostic lab 

has historically seen multiple cases of HBS 

per week. The moderator shared a wealth of 

gross and histologic HBS images from this 

historic caseload that delighted conference 

participants. The moderator challenged the 

textbook clinical presentation of blood clots 

in the feces. In his experience, most animals 

die of intestinal obstruction caused by the in-

tramural hematoma; it is only if the animal 

survives the acute period that the hematoma 

ruptures the mucosa and blood appears in the 

manure.  
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CASE IV:  

Signalment:  

3-week-old female suckling domestic piglet 

(Sus scrofa domesticus) 
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Figure 4-1. Ileum. Two sections of ileum are 
submitted for examination. (HE, 5X) 

 

History: 

The farm noticed increased morbidity and 

mortality of approximately 20-30% during 

the last three weeks. The piglets showed clin-

ical signs of diarrhea, fever, lameness, 

tremor, and anemia. This animal was eu-

thanized for diagnostic proposes shortly be-

fore necropsy.  

 

Gross Pathology:  

The animal was in poor nutritional condition. 

There was a small amount of milk in the 

stomach. The contents of all intestinal seg-

ments were yellow and watery. A high 

amount of turbid synovial fluid was found in 

all examined joints. The meninges were dif-

fusely cloudy. 

 

Laboratory Results: 

Adenoviral particles were detected by trans-

mission electron microscopic examination of 

the ileal mucosa.  

 

In the bacteriological examination of an el-

bow joint (synovia) and of the brain menin-

ges a small amount of Streptococcus suis was 

isolated. PCR serotyping identified S. suis 

Serotype 1.  

 

No parasites were identified on fecal flota-

tion.  

 

Microscopic Description:  

Multifocally, ileal villi are mildly to moder-

ately fused and blunted with maintenance of 

normal enterocyte architecture. Enterocytes 

occasionally contain a single intranuclear in-

clusion body that leads to margination of the 

chromatin. These inclusion bodies are am-

phophilic, round to oval shaped, and 5-15 µm 

in diameter. In the lamina propria, a mild dif-

fuse infiltration with lymphocytes, eosino-

phils, plasma cells, and granular lymphocytes 

is present. The vessels show an increased 

number of erythrocytes (congestion). 

 

Contributor’s Morphologic Diagnosis:  

Mild, subacute, diffuse, lymphoplasmatic 

and eosinophilic enteritis (ileitis) and mild, 

multifocal, atrophic enteritis with villus fu-

sion and intranuclear viral inclusion bodies 

(Adenovirus).  

 

Contributor’s Comment:  

Adenoviruses are non-enveloped, double-

stranded DNA viruses with icosahedral sym-

metry. Adenovirus infections occur in a wide 

variety of animals inducing clinical signs 

ranging from subclinical to enteric or respir-

atory. Three species of Porcine adenoviruses 

(PAdVs), Porcine mastadenovirus A, Porcine 

mastadenovirus B, and Porcine mastadenovi-

rus C, and five serotypes have been identified 

by virus neutralization assays.1,3,7 Adenovi-

ruses are considered host-specific and the pig 

is the only known species that is susceptible 

to PAdVs.1 

 

Watery to pasty diarrhea, dehydration, and 

decreased weight gain are the most com-

monly observed clinical signs in pigs.1 Cases 

of diarrhea caused by PAdVs are mostly seen 

in suckling pigs (1–4 weeks of age), but 

weaned and fattening pigs can also be af-

fected.1 Furthermore, PAdVs have been iso-

lated from pigs with respiratory signs, en-

cephalitis, nephritis, and abortions; they have 

also been isolated from  animals without evi-

dent clinical history.1,3-5 Transmission occurs 

mostly via the fecal-oral route or possibly by 

aerosol exposure. Mechanical vectors (tools,  
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boots, vehicles, etc.) might have a possible 

role considering the high stability of the virus 

in the environment.1 

 

Similar to this case, typical histological le-

sions include villous fusion, blunting, and 

shortening with intranuclear basophilic inclu-

sion bodies in enterocytes of the distal jeju-

num and ileum.1,8 To confirm an infection 

with PAdVs, the virus can be detected by 

electron microscopy, cytology from mucosal 

smears, or by the detection of viral antigens 

in tissues by immunofluorescence or im-

munohistochemistry.1,6 In general, PAdVs 

mostly lead to subclinical infections and are 

not known to have public health significance. 

Adenoviruses should nevertheless be consid-

ered as a differential diagnosis for gastroin-

testinal and possibly respiratory diseases in 

pigs.1  
 

Contributing Institution: 

Institute of Veterinary Pathology Zurich 

www.vetpathology.uzh.ch 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

JPC Diagnosis: 

Small intestine: Enteritis, lympho-

plasmacytic, diffuse, mild, with few epithe-

lial intranuclear viral inclusions. 

 

JPC Comment:   

Adenoviruses, so named due to their discov-

ery in cultures of human adenoids, are nota-

ble histologically for their large, often baso-

philic intranuclear inclusion bodies. These 

inclusions represent newly assembled virions 

that form crystalline aggregates within the 

nucleus.9 As flashy as these inclusions may 

be, as the contributor notes, adenoviral infec-

tion in pigs is typically asymptomatic, with 

the main presenting signs being yellow, wa-

tery diarrhea of three to four days’ duration 

in 1-4 week old piglets.2 

 

Once ingested, porcine adenovirus undergoes 

intranuclear replication, primarily in the en-

terocytes and lymphoid tissue located in the 

distal jejunum and ileum.2 Viral antigen may 

be found 24 hours after infection and for up 

to 45 days post-infection, and infected enter-

ocytes may be destroyed or may lose their  

Figure 4-2. Ileum, piglet. Scattered villar enterocytes have large intranuclear viral inclusions. (HE, 
750X) 
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villi during the acute phase of infection.2 In-

terestingly, virus has been found in the tonsils 

after infection of enterocytes, raising the pos-

sibility of clinically silent viremia with cer-

tain isolates.2 Porcine adenovirus has also 

rarely been associated with nephritis, raising 

the possibility of urinary-oral and urinary-na-

sal transmission.2 

 

Gross lesions in cases of adenovirus-induced 

diarrhea include thinning of the wall of the 

distal small intestine, enlargement of the 

mesenteric lymph nodes, and the presence of 

yellow, watery contents in the small and large 

intestines.2 In additional to the histologic fea-

tures described by the contributor, the lamina 

propria is often infiltrated by histiocytes, 

plasma cells, and lymphocytes, as illustrated 

by this case. In cases of porcine adenovirus 

nephritis, the renal interstitium contains mul-

tifocal accumulations of lymphocytes and 

plasma cells, and renal tubules contain  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sloughed, necrotic tubular epithelial cells, 

some of which may contain characteristic in-

tranuclear inclusion bodies.9 

 

Aside from the eye-catching inclusion bod-

ies, histologic lesions in the examined section 

were subtle, leaving participants rooting 

around for descriptive points. Conference 

participants discussed the length of the villi 

and, while the contributor described fused 

and blunted villi, these changes were not ap-

preciated in the examined section. Partici-

pants also noted multifocal areas where crypt 

and villar epithelium appeared hyperplastic 

and piled up, though most felt these apparent 

lesions were simply function of cut. Simi-

larly, the occasional lymphocytolysis ob-

served in Peyer’s patches were thought to be 

within normal limits as some lymphocytoly-

sis is expected during normal lymphocyte 

turnover. 

 

Figure 4-3. Ileum, piglet. Electron microscopy reveals adenoviral particles in the nucleus of an en-
terocyte. The particles measure 75–80 nm in diameter. (Photo courtesy of: Institute of Veterinary 
Pathology Zurich (IVPZ), www.vetpathology.uzh.ch) 
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Discussion turned to the quantity and charac-

ter of the inflammatory cells, which left some 

participants unimpressed; however, the ma-

jority felt that the number of lymphocytes and 

plasma cells was mildly elevated and likely 

responsive to the obvious viral infection be-

ing telegraphed by the inclusion bodies. 

 

The moderator noted that, while diarrhea can 

be experimentally induced by PAdVs, cur-

rent veterinary literature is divided on 

whether these viruses cause porcine diarrhea 

in natural infections. While direct causation 

is not definitively established, PAdVs should 

be on differential lists of porcine diarrhea, 

particularly in the absence of other common 

etiologic agents, such as rotavirus or corona-

virus, which can cause subtle histologic le-

sions similar to the examined case while 

causing significant to profound clinical diar-

rhea. 
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WSC 2023-2024 

Conference 20 Self-Assessment 

1. Which of the following is least likely to develop lesions associated with Entamoeba 

invadensis the most common intermediate host for Neospora caninum? 

a. Opossum 

b. Ox 

c. Sheep 

d. Slug 

 

2. In puppies less than six months old, the primay manifestation of Neospora caninum 

infection is? 

a. Colitis 

b. Myelitis 

c. Myocarditis 

d. Encephalitis 

 

3. Which of the following is not a virulence factor (other than Vaps) in Rhodococcus 

equi?  

a. Phospholipase A 

b. Lecithinase 

c. Polysaccharide capsule 

d. Cholesterol oxidase 

 

4. The hematoma in hemorrhagic bowel syndrome dissects through which of the follow-

ing layers of the intestine? 

 

a. Mucosa 

b. Lamine muscularis mucosae 

c. Submucosa 

d. Inner circumferential layer 

 

5. Porcine adenoviruses have NOT been associated with which of the following syn-

dromes in pigs?. 

a. Enteritis 

b. Abortion 

c. Myocarditis 

d. Encephalitis 
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CASE I:   

 

Signalment:  

11-year-old, intact male German Shepherd 

Dog (Canis familiaris) 

 

History:  

This patient presented to the Emergency Ser-

vice for evaluation of a cough of 1-week du-

ration that was unresponsive to Baytril and 

Torbutrol. His cough became acutely worse, 

at which time he regurgitated and became 

dyspneic. Over the next 24 hours the patient 

became lethargic, weakly ambulatory, and fe-

brile (104ºF). Pertinent previous history in-

cluded chronic intermittent coughing fol-

lowed by vomiting/regurgitation. Three-view 

thoracic radiographs showed a bilateral inter-

stitial to alveolar pattern in the cranioventral 

lung lobes, marked distention of the thoracic 

esophagus, and a homogenous oblong soft 

tissue mass in the cranial mediastinum. An 

inflammatory leukogram was identified on 

CBC. While hospitalized he became progres-

sively weaker with marked reduction in pel-

vic limb reflexes, requiring a sling to walk. 

Euthanasia was elected. 

Gross Pathology:  

The thoracic cavity contained approximately 

2 ml of a non-viscous, translucent, dark red 

(serosanguinous) fluid. The thoracic esopha-

gus was diffusely distended and was 3.5 cm 

at its widest dimension. The cranial medias-

tinum was focally expanded by a poorly de-

marcated, 14.4 cm x 3.6 cm x 4.5 cm,  

 

 

 

 

 

 

 

Figure 1-1. Mediastinum, dog. The cranial 
mediastinum is expanded by a poorly demar-
cated, 14.4 cm x 3.6 cm x 4.5 cm, multilobu-
lated, firm to friable, tan to dark red mass 
(Photo courtesy of: Schwarzman Animal 
Medical Center, Department of Anatomic Pa-
thology. www.amcny.org) 

multilobulated, firm to friable, tan to dark red 

mass. The cut surfaces of this mass com-

prised anastomosing, firm, tan trabeculae 

separated by a soft to friable, dark red tissue.  

The right middle lung lobe was diffusely red 

and firm. Sections from the right middle lung 

lobe sank in 10% buffered formalin. The 

right cranial, right caudal, accessory, and left 

cranial lung lobes were diffusely red and con-

tained multifocal to coalescing, mildly to 

moderately firm regions. Sections from these 

lung lobes inconsistently floated, floated low, 

or sank in 10% buffered formalin. The left 

caudal lung lobe was diffusely red and rub-

bery. Sections from the left caudal lung lobe 

floated in 10% buffered formalin. From the 

cut surfaces of all lung lobes oozed a 
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moderate amount of non-viscous, translu-

cent, dark red (serosanguinous) fluid. 

 

Laboratory Results: 

Parameter Value Reference 
Range 

WBC 25.8 K/µL 4.9-17.6 K/µL 

Neutrophils 23.33 K/µL 2.94-12.67 K/µL 

Bands 258 /µL 0-170 /µL 

Lymphocytes 0.52 K/µL 1.06-4.95 K/µL 

Monocytes 1.806 K/µL 0.13-1.15 K/µL 

Eosinophils 0 K/µL 0.07-1.49 K/µL 

Basophils 0 K/µL 0.0-0.1 K/µL 

Platelets 345 K/µL 143-448 K/µL 

 

Microscopic Description:  

Mediastinal mass cytology: Touch imprints 

of the cranial mediastinal mass comprise 

large numbers of streaming, mildly pleocel-

lular spindle cells mixed with small numbers 

of mast cells, few small to intermediate size 

lymphocytes, and few macrophages contain-

ing variable amounts of hemosiderin on a 

background of peripheral blood. There are 

scattered mesothelial cells.  

 

Lung cytology: Touch imprints of the right 

middle lung lobe comprise  abundant degen-

erate and viable neutrophils and macrophages 

mixed with small numbers of respiratory ep-

ithelial cells on a hemodiluted background 

with abundant extracellular bacteria. Macro-

phages infrequently contain hemosiderin. In-

tracellular bacteria are not identified. 

 

Mediastinal mass histology: Expanding the 

fibrofatty stroma is a poorly demarcated, un-

encapsulated neoplasm consisting of mildly 

pleomorphic oval to spindle to polygonal 

cells arranged in fascicles, short and long 

streams, small bundles, and solid regions 

supported by a fine fibrovascular stroma with 

congested blood vessels and traversed by 

dense connective tissue trabeculae. Neo-

plastic cells are oval to spindle to polygonal 

with indistinct cell borders and small to  

 
Figure 1-2. Mediastinum, dog. Dissected me-
diastinal mass. (Photo courtesy of: Schwarz-
man Animal Medical Center, Department of 
Anatomic Pathology) 

 

moderate amounts of eosinophilic cytoplasm 

with inconsistent cytoplasmic vacuolization. 

Nuclei are round to oval with evenly distrib-

uted, finely stippled chromatin and up to one 

prominent nucleolus. No mitotic figures are 

identified in ten HPF (40x x FN22; 

2.37mm2). Scattered within the neoplastic 

population are a small number of individual-

ized macrophages and small lymphocytes, as 

well as rare plasma cells. Macrophages infre-

quently contain intracytoplasmic, deep to 

golden brown pigment (hemosiderin and 

lipofuscin). The neoplastic population is mul-

tifocally separated by areas of hemorrhage 

that occasionally form large cavitated regions 

bordered by neoplastic cells. Rare mineral is 

present. Hassall’s corpuscles and protein-

filled perivascular spaces are not identified. 

 

Immunohistochemistry: Approximately 90% 

of the neoplastic population display moderate 

to strong, cytoplasmic to membranous immu-

noreactivity for cytokeratin AE1/3 and are 

diffusely  immunonegative for vimentin. In-

dividualized CD3 immunopositive round 

cells are scattered throughout the mass and 

comprise less than 5% of the total cell mass. 

 

Contributor’s Morphologic Diagnosis:  

Mediastinal mass: Thymoma, epithelial-rich 

(prominent spindle cell morphology) with 

multifocal to coalescing, moderate to severe  
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Figure 1-3. Mediastinum, dog. Touch imprints 
demonstrate numerous pleocellular spindle 
cells against a background of peripheral 
blood. (Wright-Giemsa, 400X) (Photo cour-
tesy of: Schwarzman Animal Medical Center, 
Department of Anatomic Pathology) 

 

hemorrhages and few intratumoral small 

lymphocytes. 

 

Contributor’s Comment: 

Based on the clinical presentation, identifica-

tion of a cranial mediastinal mass with tho-

racic radiographs, megaesophagus, and an in-

terstitial to alveolar pulmonary pattern in the 

cranioventral lung lobes, the working clinical 

diagnosis was thymoma-associated myasthe-

nia gravis with secondary aspiration pneumo-

nia. Gross exam confirmed a multilobular 

mass in the cranial mediastinum, megaesoph-

agus, pleural effusion, and aspiration pneu-

monia. Differentials for a cranial mediastinal 

mass include neoplasia (i.e., thymic epithelial 

tumor, lymphoma, thymic germ cell tumor, 

stromal sarcoma, tumors of ectopic thyroid 

and parathyroid tissues, chemodectoma, li-

poma, schwannoma, metastatic disease), 

thymic cyst, brachial cyst, abscess, and gran-

uloma.14,15,17,23,26 In this case, histopathology 

supported a diagnosis of an epithelial-rich 

thymoma with prominent spindle morphol-

ogy. 

 

The distinction between WHO classified type 

A and type AB thymomas is difficult, as both 

share a predominance of bland spindle cells 

and are distinguished by the percentage of 

immature T cells (few in type A and high 

numbers in type AB).9,10 In this case, three 

representative sections were evaluated as part 

of the postmortem examination, and all con-

tained a paucity of lymphocytes. These find-

ings would be most consistent with a type A 

thymoma.  

 

However, as type AB thymomas can have 

lymphocyte-poor and lymphocyte-rich re-

gions, it is possible that lymphocyte-rich re-

gions were not represented in the examined 

sections and thus a type AB thymoma could 

not be entirely ruled out.9,10 As euthanasia 

was elected before confirmatory AChR anti-

body titers could be submitted, myasthenia 

gravis could not be confirmed but was sus-

pected. 

 

As a lymphoepithelial organ, the thymus is 

formed by a combination of epithelial and 

lymphoid tissues (differentiating and prolif-

erating T lymphocytes).5,21 In addition, a 

small population of myoid cells that resemble 

striated muscle fibers are of unclear origin 

and thought to play a key role in the develop-

ment of thymoma-associated myasthenia 

gravis.21 During development, the thymic ep-

ithelium forms from the 3rd pharyngeal 

pouch’s endoderm that subsequently be-

comes invaded by blood vessels and connec-

tive tissue trabeculae from the adjacent mes-

oderm and infiltrated by bone marrow de-

rived lymphocyte progenitors.5,8,21 Grossly, 

the thymus is separated into distinct lobes 

(paired cervical lobes, an intermediate lobe at 

the thoracic inlet, and a thoracic lobe), but the 

arrangement and prominence of each lobe 

varies among species.5,21 In both ruminants 

and pigs, the cervical lobes are large.5,6,21 

Further, in ruminants the thoracic lobe is in 

the dorsal part of the cranial mediastinum.5 In  
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Figure 1-4. Mediastinum, dog. One section of 
a moderately cellular, cystic neoplasm with 
multifocal areas of hemorrhage is submitted 
for examination. (HE, 5X) 

 

horses, the cervical lobes are small with a 

large thoracic lobe.5,21 In domestic small ani-

mals, the cervical lobes are small (cats) to ab-

sent (dogs).5,21 In both cats and dogs, the tho-

racic lobe is in the ventral cranial mediasti-

num and extends to the pericardium where in 

cats it can mold to the pericardial surface.5 

The thymus is partially separated into lobules 

by connective tissue septa that extend from 

the capsule so that each lobule comprises a 

central medulla and surrounding cortex.5,21 

The cortex is created by epithelial reticular 

cells and densely packed differentiating pre-

cursor T lymphocytes.5,21 Meanwhile, the 

medulla contains epithelial reticular cells 

(relatively larger and more prominent when 

compared to the cortex), Hassall’s corpus-

cles, interdigitating dendritic cells, and rela-

tively fewer, less densely packed lympho-

cytes.5,21 The thymus reaches its maximum 

size at birth and involutes after sexual ma-

turity, although remnants may be retained 

through adulthood.5,21 Differentiation be-

tween normal age-associated involution and 

disease-associated thymic atrophy requires 

interpretation of thymic features considering 

the patient’s age, clinical presentation, and 

nutritional state.5,21 

 

Thymic disorders include thymic hyper-

plasia, congenital thymic cysts, inflammatory 

diseases, hemorrhages and hematomas, neo-

plasia (i.e., thymic lymphoma and thymic 

epithelial tumors), and congenital immuno-

deficiency disorders.5,21 The most common 

reaction pattern in the thymus is lymphoid at-

rophy, which can occur secondary to a multi-

tude of underlying diseases processes includ-

ing physical and physiologic stresses, ca-

chectic states, toxins (lead, mercury, halo-

genated aromatic hydrocarbons, mycotoxins 

(i.e., fumonisin B1 & B2 and aflatoxin)), 

drugs, radiation, neoplasia, and viral infec-

tions.5,21 True thymitis is rare but can be seen 

with certain infectious etiologies (i.e., Ne-

orickettsia helminthoeca [salmon poisoning], 

Neorickettsia elokominicas [Elokomin fluke 

fever], epizootic bovine abortion, and porcine 

circovirus 2).5,21 Thymic hemorrhage and he-

matomas are more frequently reported in 

young dogs, for which reported causes in-

clude anticoagulant rodenticides, dissecting 

aneurysm, trauma, and idiopathic/spontane-

ous.5,21 

 

Tumors primary to the thymus are uncom-

mon and include thymic lymphoma, thymic 

epithelial tumors, and thymic germ cell tu-

mors.5,7,9,10,20,21 Thymic epithelial tumors 

(TET) are uncommon cranial mediastinal ne-

oplasms originating from the thymic epithe-

lium and include thymoma, thymic carci-

noma, and thymic neuroendocrine tumors.1,5-

7,14,15,18,20-26 Thymomas have been reported in 

numerous species, including dogs, cats, small 

and large ruminants, horses, pigs, rabbits, fer-

rets, birds, non-human primates, rodents, a 

polar bear, and an otter, and are most typi-

cally identified in adult to aged animals, 

without a sex predilection.2,3,5,6,8,14,15,17,18,20-

24,26 They are reportedly more common in 

goats with a 25% incidence reported in a sin-

gle closed herd of Saanen dairy 

goats.3,5,6,14,15,17,20,21,24,26 Generally, thy-

momas are not associated with a specific 

breed predisposition in domestic small ani-

mals but medium to large breed dogs are of-

ten affected.15,20 In one retrospective case 
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series, Labrador retrievers and German shep-

herd dogs were overrepresented.15,20 

 

Thymomas can be incidental but, when pre-

sent, clinical signs are non-specific and in-

clude weight loss, vomiting/regurgitation, 

respiratory distress, dyspnea, cough, leth-

argy, exercise intolerance, and edema of the 

ventral head, neck, and forelimbs.6,15-

17,18,20,21,23,24 In cases of cervical thymoma, a 

visible or palpable subcutaneous mass may 

be present.6 Associated imaging findings in-

clude a soft tissue opacity in the cranial me-

diastinum, dorsal displacement of the cardiac 

silhouette and/or trachea, and/or pleural effu-

sion.6,15,26 Advanced imaging (CT or MRI) is 

the most reliable method to assess tumor in-

vasiveness.6,15,17 Additional clinical signs, 

gross examination findings, and imaging 

findings associated with paraneoplastic syn-

drome(s) may be present.  

 

The most common location of thymoma is 

the cranial mediastinum, but thymomas have 

been reported in the neck, thoracic inlet, and 

rarely in ectopic thymic tissues.6,8,17,20,21,23 

Cytologic features indicative of thymoma in-

clude lymphocytes (predominantly small T 

lymphocytes), thymic epithelial cells, and 

few mast cells, eosinophils, and/or macro-

phages.15,17,26 As the non-neoplastic lym-

phoid component exfoliates readily, neo-

plastic epithelial cells are variably present in 

cytologic preparations.15,20,24,26 In this case, 

the predominant cell population on cytology 

was mildly pleocellular spindle cells mixed 

with few mast cells, lymphocytes, and hemo-

siderin-laden macrophages. Initially, these 

spindle cells were of unclear etiology (neo-

plastic versus reactive population), but when 

evaluated along with the histology, they rep-

resented neoplastic epithelial cells displaying 

a spindle morphology.  

 

The histologic appearance of thymomas is di-

verse due to the range of neoplastic cell  

 
Figure 1-5. Mediastinum, dog. Spindled epi-
thelial cells are arranged in short streams and 
bundles.  There are numerous congested 
blood vessels. (HE, 128X) 

 

morphologies and degree of benign lympho-

cyte infiltration.1,5,6,14,17,20,23 Additional fea-

tures inconsistently seen in thymomas in-

clude loss of normal thymic architecture, loss 

of corticomedullary junction distinction, pro-

tein-filled cysts, necrosis, and hemor-

rhages.6,8,20,21,26 Neoplastic thymic epithelial 

cells can display spindle, oval, and round to 

polygonal morphologies and exhibit various 

growth patterns.3,14,17,20,23,26 Typically, neo-

plastic cells have ill-defined cell margins and 

single nuclei with vesicular chromatin and up 

to one prominent nucleolus.3,15,17,20,23,26 An 

uncommon clear cell variant comprised of 

large round cells with abundant amounts of 

clear cytoplasm and prominent cell margins 

has been described.15,20 In one study, 30.6% 

of canine cases were inconclusive on cytol-

ogy and 66.7% of cases had diagnoses with 

histology alone.24 Thus a small percentage of 

tumors will require immunohistochemistry 

for final diagnosis. 24, 26  

 

Thymomas have historically been catego-

rized based on their cellular composition, de-

fined as epithelial-rich, lymphocyte-rich, and 

mixed/ intermediate types with clear cell, 

spindle cell, and pigmented vari-

ants.8,14,15,17,20,21,23,24 It is rare for thymic epi-

thelial tumors to consist purely of epithelial 

cells.21 Tumors can be further differentiated 

as to whether they are encapsulated /non-in-

vasive or invasive.3,15,17,21 Recently, the hu-

man WHO classification has been shown to  
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Figure 1-6. Mediastinum, dog. High magnifi-
cation of neoplastic cells.  (HE, 384X) 

 

be applicable in canines.21,24 In people the 

histologic subtype carries prognostic signifi-

cance, but prognostic significance between 

subtypes has not been established in veteri-

nary medicine.9,10,20,21,24  

 

The WHO classification is based on epithe-

lium morphology, severity of cellular pleo-

morphism, and degree of proliferating non-

neoplastic lymphocyte; under this scheme, 

thymomas are classified into A, AB, B1, B2, 

and B3 type, micronodular, and metaplastic 

thymomas.2,7,9,10,21,24,25 Type A thymomas 

contain bland oval to spindle-shaped neo-

plastic epithelial cells arranged in streaming, 

storiform, fascicular, pericytomatous, or 

pseudorosettes with a paucity of T-lympho-

cytes.7,9,10,21,24,25 Micronodular thymomas 

likely represent a subvariant of type A tumors 

where spindle shaped neoplastic epithelial 

cells are separated by large aggregates of 

lymphocytes.7,9,10,21 Type A thymomas with 

atypia exist and represent a separate histo-

logic variant.7,9,10,21 Type AB thymomas 

comprise similar oval to spindle shaped neo-

plastic cells but are mixed with a focal to dif-

fuse abundance of non-neoplastic lympho-

cytes.7,9,10,21,24,25 Polygonal epithelial cells 

can be present in both type A and AB thy-

momas.9,10 Type B thymomas contain oval to 

polygonal neoplastic cells with varying num-

bers of non-neoplastic lymphocytes, as well 

as variably present perivascular spaces and 

Hassall’s corpuscles and are further divided 

into B1, B2, and B3 types.7,9,10,21,24,25 Type B1 

tumors maintain a thymus-like microarchi-

tecture and comprise non-clustered neo-

plastic cells that lack atypia and are mixed 

with small numbers of lympho-

cytes.7,9,10,21,24,25 In Type B2 tumors individu-

alized or clustered oval polygonal neoplastic 

cells lack atypia and are mixed with large 

numbers of lymphocytes.7,9,10,21,24,25 Lastly, 

Type B3 thymomas comprise mild to moder-

ately atypical polygonal neoplastic cells ar-

ranged in sheets and contain a paucity of 

small lymphocytes.7,9,10,21,24,25 Metaplastic 

thymomas are characterized by islands of po-

lygonal neoplastic cells displaying variable 

atypia on a background of bland spindle 

cells.7,9,10,21,24,25 Thymic carcinomas com-

prise neoplastic thymic epithelial cells that 

display overt features of malignancy and an 

invasive growth pattern.7,9,10,20,21,24,25 

 

Molecular profiling in humans shows mirror-

ing of the WHO histological classifications 

and molecular subgrouping, including A-like 

and AB-like clusters with frequent GFT2I 

and HRAS mutations, an intermediate B-like 

cluster with T-cell signaling profile, and a 

carcinoma-like cluster with high tumor mo-

lecular burden and frequent CDKN2A and 

TP53 alterations.7 Further, thymic carcino-

mas and B2 and B3 thymomas showed a 

higher frequency of large copy number vari-

ation involving entire chromosomes.7 The 

GTF2I gene encodes for the TFII-I protein in-

volved in transcription regulation and, in peo-

ple, GTF2I mutations appear to play a pivotal 

role in thymic epithelial tumors and may rep-

resent a thymoma-specific oncogene.7,25 

 

Typically, thymomas have a benign biologic 

behavior and the vast majority are slow grow-

ing and heavily encapsulated.3,5,6,14,15,17,18 

,20,21,23,26 However, all thymoma subtypes 

have the potential to behave aggressively 

with infrequent local tissue invasion and rare 
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metastasis.24 When metastases occur, they 

most commonly occur to the lungs and re-

gional lymph nodes.17 With surgical excision, 

most thymomas have a favorable long-term 

prognosis.1,6,15,17,21,23,24,26 The results of one 

case series in goats suggests that anatomic lo-

cation may be a key factor in influencing sur-

vival where the prognosis for cervical thy-

momas with surgical excision were favora-

ble, while excision of mediastinal thymomas 

more likely carried a guarded prognosis.6 In 

small animals, there is limited information re-

garding radiation as a treatment modality in 

thymomas with reports suggesting a high 

overall response rate (50-75%) with radiation 

therapy alone; however, complete response is 

reportedly rare.15,17,24 In people, the main 

prognostic factors described with thymomas 

are tumor size, tumor spread, resection status, 

histologic subtype, patient characteristics 

(i.e., age and comorbidities), and response to 

treatment.7 Prognostic factors in veterinary 

medicine vary and can be contradictory be-

tween studies, but reported factors associated 

with increased survival times are surgical ex-

cision and absence of megaesophagus; those 

associated with decreased survival times in-

clude  presence of a paraneoplastic syn-

drome, myasthenia gravis (as a single vari-

ant), metastases, moderate to marked neo-

plastic cellular pleomorphism, percentage 

lymphocyte composition, presence of another 

concurrent tumor, and higher pathologic 

stage (based on the Masaoka-Koga Staging 

Systems).15,17,20,24,26 The Masaoka-Koga 

Staging System evaluates tumor encapsula-

tion, invasion location, and metastases.3,7,24,26 

In humans, the Masaoka-Koga Staging Sys-

tem is significantly associated with survival 

and decreased survival rates are seen with in-

creasing stage regardless of histologic sub-

type.7,15,24 In one report in dogs, patients with 

lower staging (stages I, IIa, and IIb) had sig-

nificantly longer survival times than those 

with higher staging (stages III, IVa, and 

IVb);however, a contradictory study did not 

find a prognostic significance of between 

stages in dogs.15,24  

 

Paraneoplastic syndromes are complications 

of malignancy distant from the primary tu-

mor that in some instances can be more harm-

ful than the direct effects of the neo-

plasm.4,15,24 These syndromes can aid in tu-

mor identification, as well as function as 

markers of response to treatment.4 The high 

rate of paraneoplastic syndromes associated 

with thymic disorders is related to the crucial 

function of the thymus in immune tolerance 

through differentiation, selection, and matu-

ration of T lymphocytes from progeni-

tors.1,5,8,11,20,21,24,26 Naïve, CD34+ and CD7+ 

T lymphocytes are pluripotent and lack 

helper, suppressor, and killer functions; these 

progenitors undergo a sequential pattern of 

antigen expression as a function of orderly 

gene rearrangements encoding the T cell re-

ceptor (TCR).21 While T lymphocytes trav-

erse from the cortex to the medulla, they un-

dergo differentiation and selection via both 

positive and negative selection, after which 

only a small percentage of progenitor T lym-

phocytes survive.5,21 Positive selection oc-

curs in the cortex, where only lymphocytes 

that recognize MHC molecules, but not self-

antigens, are allowed to mature.5,21 Mean-

while, negative selection occurs at the corti-

comedullary junction, where lymphocytes 

that recognize both MHC and self-antigen are 

removed.5,21 Thymic “nurse cells” produce 

IL-1 which drives lymphoproliferation.21 

Once mature, T lymphocytes leave the thy-

mus, enter the bloodstream, and circulate 

through secondary lymphoid organs.5,21 Thy-

momas have been associated with a vast array 

of paraneoplastic processes with related clin-

ical signs; these include myasthenia gravis, 

hypercalcemia of malignancy, immune-me-

diated polymyositis, keratoconjunctivitis 

sicca (KCS), immune-mediated thrombocy-

topenia, immune-mediated anemia, granulo-

cytopenia, hypergammaglobulinemia, 
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cardiac myositis with arrhythmias, feline ex-

foliative dermatitis, erythema multiforme, 

and T lymphocytosis.2-4,11,13-15,17-21,23,24,26  

 

Disruption of central tolerance has been pro-

posed as one of the mechanisms leading to 

autoimmunity associated with thymoma.11 

Thymic epithelial cells express elevated lev-

els of MHC I and II molecules.20 Aberrant ex-

pression of autoantigens and decreased ex-

pression of MHC molecules and autoimmune 

regulator (AIRE) on neoplastic epithelial 

cells result in defective thymic selection and 

survival of autoreactive lymphocytes.20 Clin-

ical signs associated with paraneoplastic syn-

dromes may resolve after surgical excision of 

the mass, but sometimes clinical features of 

paraneoplastic syndromes can develop after 

mass removal.2-4,11,13-15,17-21,23,24,26  

 

Myasthenia gravis and hypercalcemia related 

to parathyroid hormone-related peptide 

(PTHrP) are the most frequently reported 

thymoma-associated paraneoplastic syn-

dromes in dogs with reported prevalence of 

10-45% (myasthenia gravis) and 30% (hyper-

calcemia).2,6,14,15,20,26 In this case, myasthenia 

gravis was suspected based on the clinical 

presentation but was not confirmed with an-

cillary testing. The syndrome is classically 

categorized as either acquired or congenital 

myasthenia gravis; however, recently alterna-

tive terminology has been suggested where 

myasthenia gravis exclusively refers to ac-

quired forms and the term congenital myas-

thenia syndromes is proposed for congenital 

forms.12,18,19,21 Acquired myasthenia gravis 

can occur with or without thymoma, and is 

associated with thiourylene medication ad-

ministration in cats.12 

Immune-mediated myasthenia gravis is most 

commonly due to the production of autoanti-

bodies towards acetylcholine receptors 

(AChR) leading to destruction of the post-

synaptic membrane and reduction of availa-

ble functional AChR at the neuromuscular 

junction.2,5,12-14,18-21 Less frequently, autoan-

tibodies targeted against other muscle spe-

cific proteins (muscle specific kinase 

[MUSK], titan, and ryanodine proteins) have 

been reported. The pathogenesis of autoanti-

body production with thymoma is not en-

tirely known but thymic myoid cells and 

dysregulation of T lymphocyte selection is 

thought to play a role.2,13-15,18-21 Differentiat-

ing T lymphocytes recognize autoantigens to 

AChR or other skeletal muscle specific pro-

tein subunits and, due to a defective selection 

process, they survive and in turn stimulate 

proliferation and differentiation of B lympho-

cytes with subsequent autoantibody produc-

tion.12,18,20,21 At the neuromuscular junction, 

proposed mechanisms for receptor dam-

age/inactivation include direct damage or for-

mation of cross-linked antibodies leading to 

receptor internalization.19  
 

The clinical manifestations of myasthenia 

gravis are divided into focal, generalized, or 

acute fulminating forms.12,21 Focal manifes-

tations affect an isolated skeletal muscle 

group outside the appendicular skeletal mus-

cles (i.e., facial, esophageal, pharyngeal, and 

laryngeal skeletal muscles).12,21 Generalized 

manifestations are defined as appendicular 

skeletal muscle weakness with or without fa-

cial, esophageal, pharyngeal, or laryngeal 

skeletal muscle involvement.12 In fulminant 

forms patients present with an acute, rapidly 

progressive, and severe form of generalized 

myasthenia gravis that can progress to respir-

atory collapse requiring intubation and me-

chanical ventilation.12  

 

Clinical signs vary between patients and in-

clude exercise intolerance, decreased or ab-

sent peripheral reflexes, cervical weakness, 

muscle weakness, flaccid paralysis, episodic 

collapse, hypersalivation, dysphonia, dys-

phagia, and regurgitation.2,12,13,18-21,26 Ini-

tially enough functional AChRs are present 

to allow for normal transmission, but with 
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sustained muscle activity the number of 

available receptors decreases, leading to pro-

gressive or episodic weakness and collapse.19 

Megaesophagus is a common sequela that 

predisposes patients to aspiration pneumo-

nia.5,21,26 Diagnosis of myasthenia gravis re-

quires detection of circulating antibodies to 

AChR, however a subset of dogs with gener-

alized disease will be seronegative.12,13,15,18,20 

There is a correlation between fluctuations in 

autoantibodies and clinical course of dis-

ease.18 Clinical responses to administration of 

an anticholinesterase drug (edrophonium 

chloride; Tensilon) can be helpful but are not 

absolutely specific.12,13,15,19,20 Therefore, an-

cillary testing results should be evaluated in 

concert with thoracic imaging and clinical 

signs.12 Complete excision may lead to nor-

malization of neuromuscular junction activ-

ity and resolution of clinical signs, but signs 

of myasthenia gravis can also develop after 

thymectomy.12,15,18-21 

 

Contributing Institution:  

Schwarzman Animal Medical Center 

Department of Anatomic Pathology 

www.amcny.org 

 

JPC Diagnosis: 

Mediastinal mass: Thymoma, type A. 

 

JPC Comment:   

The contributor provides an excellent, thor-

ough overview of thymoma, the various ap-

plicable classification schemes, and associ-

ated paraneoplastic syndromes; it is an enjoy-

able, informative read and a lily that requires 

no gilding. 

 

This week’s conference was moderated by 

Dr. Amy Durham, Professor of Anatomic Pa-

thology at the University of Pennsylvania 

School of Veterinary Medicine, who opened 

discussion of this case by noting that the ba-

sics of this neoplasm, including tissue identi-

fication and cell of origin, are not particularly  

 
Figure 1-7. Mediastinum, dog. Neoplastic 
cells demonstrate moderate cytoplasmic im-
munopositivity for cytokeratin.  (anti-
AE1/AE3, 400X).  Photo courtesy of: Schwarz-
man Animal Medical Center, Department of 
Anatomic Pathology) 

 

obvious without the clinical history and diag-

nostic results provided by the contributor. 

Conference participants seemed to agree, as, 

in addition to thymoma, a wide range of dif-

ferentials were presented, including various 

sarcomas and vascular entities. The modera-

tor noted that a well-curated immunohisto-

chemistry plan, including vimentin, cy-

tokeratin, and lymphocyte markers, makes 

the diagnosis. Vimentin is particularly help-

ful in this case given the spindle-cell mor-

phology of the epithelial cells, which is un-

common in dogs and can easily cause the ne-

oplasm to be misidentified as mesenchymal 

without immunohistochemistry. 

 

A particularly astute conference participant 

noted the presence of multifocal pockets of 

ciliated epithelium within the thymic paren-

chyma and suggested that these might repre-

sente branchial cysts. The moderator noted 

that branchial cysts, which are persistent rem-

nants of the embryonic pharyngeal pouches, 

are commonly encountered in the mediastinal 

tissues and, while interesting, are typically of 

no moment. 

 

Conference participants discussed the value 

of the various classification schemes which, 
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as noted by both the contributor and the mod-

erator, currently have no prognostic value. 

The moderator noted that she typically pre-

fers to diagnose these simply as thymomas, 

without subclassification, unless the specifics 

of a particular case warrant emphasizing the 

tumor’s morphology. Other conference par-

ticipants shared this approach, but all re-

mained ready to adopt any classification 

scheme that becomes clinically useful in the 

future. During discussion of the morphologic 

diagnosis, however, a resident noted that the 

WHO classification scheme is exhaustively 

detailed in the primary veterinary pathology 

textbooks; therefore, for educational pur-

poses, this delightful and slightly enigmatic 

neoplasm’s WHO Type A classification was 

retained in the morphologic diagnosis.  
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Figure 2-1. Oral mucosa, dog.  Two sections of 
oral mucosa are submitted for examination.  
Multiple area of bone are visible at subgross 
magnification in both sections. (HE, 5X) 

 

CASE II:  

 

Signalment:  

13-year-old, female spayed Yorkshire terrier 

(Canis familiaris) 

 

History:  

A 13-year-old Yorkshire terrier presented 

with a previously debulked oral mass associ-

ated with the caudal hard palate and soft pal-

ate. After 3 months of palliative treatment, 

the dog presented with inappetence, weight 

loss, and increased respiratory effort. Physi-

cal examination showed rapid growth of the 

mass since the most recent checkup, with par-

tial upper airway obstruction. Euthanasia was 

elected given the rapid clinical decline. 

 

Gross Pathology:  

Within the caudal oral cavity and orophar-

ynx, there is an irregularly shaped, 5 x 3 x 1.5 

cm, firm, pale tan to dark gray mass extend-

ing ventrally from the hard and soft palate. 

The submandibular lymph nodes are en-

larged, firm, and gray on cut section with loss 

of corticomedullary architecture. There are 

dozens of, firm, pale tan to gray, round to 

multinodular masses ranging from 2-10 mm 

in diameter within the lungs, mediastinum, 

spleen, liver, and right adrenal gland.  
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Figure 2-2. Oral mucosa, dog.  The neoplasm 
is composed of pleomorphic cells which 
range from polygonal to spindle, and approx-
imately 20% of the cells contain cytoplasmic 
melanin.  (HE, 178X) 

 

Microscopic Description: 

Oral mucosa: Expanding the lamina propria 

is an unencapsulated, highly cellular mass 

composed of a pleomorphic population of ne-

oplastic cells supported by sparse fibrovascu-

lar stroma. Neoplastic cells range from po-

lygonal and arranged in sheets or thin cords, 

to spindle-shaped and arranged in streams 

and bundles. The neoplastic cells have varia-

bly distinct borders, abundant eosinophilic 

cytoplasm, round to ovoid nuclei, finely stip-

pled chromatin, and 1-2 prominent nucleoli. 

Anisocytosis is marked and anisokaryosis is 

moderate. There are 24 mitotic figures in 10 

examined 400X fields. Rarely, neoplastic 

cells contain scant black, fine, granular intra-

cytoplasmic material (melanin). Sporadically 

throughout the mass, there are numerous 

round cells with abundant black, granular in-

tracytoplasmic material (melanomacro-

phages). Within the neoplasm are several foci 

of homogenous, eosinophilic, extracellular 

matrix (osteoid) that is frequently associated 

with individual or thin aggregates of neo-

plastic cells, and rarely mineralized. Adjacent 

to and entrapped within the neoplasm are oc-

casional islands of salivary gland tissue and 

salivary ducts. Centrally within the mass, 

there are large foci of coagulation necrosis 

with loss of differential staining, pyknotic 

and karyorrhectic debris, and occasional 

pockets of neutrophils. The overlying 

mucosa is multifocally ulcerated and re-

placed by a mat of fibrin and necrotic cellular 

debris with abundant bacteria of mixed mor-

phology. 

 

Immunohistochemistry for SOX10, PNL2, 

Melan-A, and S100 was performed. >80% of 

neoplastic cells exhibit strong, nuclear label-

ing for SOX10 and cytoplasmic labeling for 

S100. Approximately 50% of neoplastic cells 

exhibit cytoplasmic labeling for PNL2 with 

regional variability throughout the tissue. 

Only sparse neoplastic cells exhibit strong 

cytoplasmic labeling for Melan-A (<10%). 

 

The same neoplastic population with variable 

deposition of osteoid comprises all masses in 

other examined tissues (metastatic sites). 

 

Contributor’s Morphologic Diagnosis: 

Oral mucosa: Malignant melanoma, osteo-

genic. 

 

Contributor’s Comment:  

Malignant melanoma, composed of neo-

plastic melanocytes of neural crest ectoderm 

origin, is one of the most common oral tu-

mors in dogs.16 Canine oral melanomas have 

been associated with worse clinical outcomes 

than those arising at other sites. Most canine 

oral melanomas have metastasized by time of 

diagnosis, and the median survival time with 

treatment is under 3 years.7,9,16 However, a 

subset of oral melanocytic tumors in dogs ex-

hibits a less aggressive biological behavior 

despite being characterized histologically as 

malignant.5 Mitotic index, nuclear atypia, 

and Ki67 positivity are reported as relevant 

prognostic features.14 Oral melanomas fre-

quently contain a significant amelanotic com-

ponent, as in this case, but this does not cor-

relate well with biological behavior. 

 

Melanomas can vary widely in their histo-

logic appearance. Cellular morphology can 

range from round to polygonal to spindle- 
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shaped, often within the same anaplastic tu-

mor, likely reflecting their neural crest origin 

drawing from both neural and epithelial 

roots. Junctional activity (subepithelial pro-

liferation of neoplastic cells) is considered a 

characteristic feature that should increase 

suspicion for melanoma, even when pigmen-

tation is sparse or absent. 

 

The presence of osteoid in the stroma of this 

melanoma is a rare concurrent finding in ca-

nine melanomas, with only a few case reports 

in the literature.3,4,8,11 While this osteogenic 

variant of melanoma is rare, it is important to 

recognize since osteosarcoma and malignant 

melanoma differ in prognosis and treatment. 

Human cases of melanoma with stromal os-

teoid and/or bone are also rare.12 Heterolo-

gous differentiation in human melanoma is 

well-recognized and characterized, although 

these patterns are not widely used in veteri-

nary species and prognostic significance has 

not been established. Such differentiation 

patterns include osteocartilaginous, fibro-

blastic, rhabdomyoblastic, Schwannian, and 

ganglionic.1 Cases with osteoid and bone for-

mation are classified as “osteosarcomatous”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

or “osteocartilaginous” which, as implied by 

the names, frequently also contain carti-

lage.2,6,10 

 

The mechanism for osteoid and bone for-

mation with canine or human melanoma is 

unresolved, but multiple hypotheses have 

been proposed.1 Because some cranial skele-

tal elements are derived from neural crest, 

some postulate that metaplasia of pluripotent 

precursors results in production of osteoid 

and bone by the tumor cells. Others have 

speculated that it represents a stromal re-

sponse to local trauma, although this does not 

explain production at sites of metastasis. Al-

ternatively, osteoid and bone could be pro-

duced by the tumor stroma in response to re-

lease of factors by the neoplastic cells. Such 

factors have not been characterized in cases 

of osteogenic melanoma, but could include 

bone morphogenetic proteins, as an example. 

Of these possible sources, direct production 

by metaplastic tumor cells is favored in this 

case since the matrix is directly surrounded 

by cells that are  

 

 

Figure 2-3. Oral mucosa, dog.  Neoplastic cells are surrounded by thin anastomosing trabeculae of 

osteoid. (HE, 381X) 
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Figure 2-4. Oral mucosa, dog.  Multifocally, 
osteoid is mineralized. (HE, 381X) 

 

morphologically consistent with the neo-

plastic population; however, immunohisto-

chemistry may contradict this interpretation  

since most of these “osteogenic” cells are 

negative for our melanocytic markers. 

 

Because anaplastic melanomas can pose a di-

agnostic challenge, particularly with poor 

pigmentation and divergent differentiation, 

immunohistochemical evaluation is a useful 

tool. Markers for which melanocytic tumors 

are typically positive include Melan-A, 

PNL2, S100, SOX10, TRP-1, and TRP-2.13,15 

Over-reliance on a single immunohistochem-

ical marker can result in false negatives. This 

occurred in the present case, as the top clini-

cal differential was a poorly-differentiated 

sarcoma based on a reported negative result 

for Melan-A on the initial mass debulk.  

 

Contributing Institution:  

The Ohio State University 

College of Veterinary Medicine 

Department of Veterinary Biosciences 

https://vet.osu.edu/biosciences 

 

JPC Diagnosis: 

Oral mucosa: Osteogenic melanoma. 

 

JPC Comment:  

As noted by the contributor, osteogenic mel-

anoma is rare in both human and veterinary 

medicine. Due to the paucity of reported 

cases, it is unclear if cartilaginous or osteo-

genic differentiation is of prognostic 

significance; therefore, current prognoses 

and treatment plans for these neoplasms are 

the same as for conventional, non-productive 

melanomas.4  

 

Most reported cases of osteogenic melanoma 

have occured primarily in older, small breed 

dogs, are typically oral, and arise primarily in 

the gingiva.4 As noted above, the biological 

behavior of these tumors is, in the small num-

ber of reported cases, similar to oral mela-

noma.4 Features common to reported cases of 

osteogenic melanoma are the absence of pri-

mary bony involvement, the presence of 

junctional activity, and neoplastic cells with 

distinct melanin granules or Melan-A and S-

100 positive cells adjacent to and/or embed-

ded in tumor osteoid.4   

 

While the molecular basis for the osteogenic 

part of osteogenic melanoma remains un-

clear, melanomas are known to express “runt-

related transcription factor 2,” or RUNX2, an 

osteogenic master regulator typically only 

expressed in osteoblasts and in mesenchymal 

stem cells during osteogenic commitment.2,17 

In vitro studies have shown that melanoma 

  

 
Figure 2-5. Oral mucosa, canine. >80% of ne-
oplastic cells exhibit cytoplasmic labeling for 
S100. (Photo courtesy of: The Ohio State Uni-
versity College of Veterinary Medicine, De-
partment of Veterinary Biosciences, 
https://vet.osu.edu/biosciences) (anti-S100, 
100X) 
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Figure 2-6. Oral mucosa, canine. >80% of ne-
oplastic cells exhibit nuclear labeling for 
SOX10, with some regional variability. (Photo 
courtesy of: The Ohio State University College 
of Veterinary Medicine, Department of Vet-
erinary Biosciences) (anti-SOX10, 100X) 

cells can be induced to form bone directly by 

expression of both bone sialoprotein and 

RUNX2.4 Increased RUNX2 expression also 

induces the expression of specific metallo-

proteinases and collagenases that potentiate 

matrix degradation and tumor invasion. Be-

cause of this, it has been suggested that the 

presence of neoplastic bone in malignant 

melanoma suggests that mesenchymal con-

version has occurred and that osteogenic mel-

anoma may, therefore, have a greater meta-

static potential when compared to its non-os-

teogenic counterpart.4 

 

The presence of osteoid, multinucleated cells, 

and suspected melanin-containing cells ini-

tially stymied diagnostic progress among 

conference participants, and discussion 

quickly narrowed to the two main differen-

tials of melanoma and osteosarcoma. Further 

frustrating efforts was the paucity of oral mu-

cosa in the examined section, making it diffi-

cult to assess junctional activity, the presence 

of which would have helped convince a skep-

tical audience of the melanocytic origin of 

this neoplasm. Conference participants dis-

cussed and reviewed melanocytic immuno-

histochemical marker PLN2, which was 

convincingly positive in approximately 30-

40% of neoplastic cells. Participants re-

marked on the quantitative and qualitative 

variability in staining among the neoplastic 

cells, causing the moderator to speculate that 

not all neoplastic cells are perfectly clonal, 

and this variability in gene expression, cou-

pled with genetic variability induced by the 

tumor microenvironment could account for 

the pleomorphic quality often seen with im-

munohistochemical staining. 

 

Conference participants discussed whether 

the prominent bone within section was pro-

duced by the neoplasm, or part of normal an-

atomic structures. The moderator noted that 

the section was not decalcified, which would 

normally be required for section through the 

mandible or maxilla, suggesting that all the 

bone in section was produced by the tumor.  

 

 
Figure 2-7. Oral mucosa, canine. Approxi-
mately 50% of neoplastic cells exhibit cyto-
plasmic labeling for PNL2 with significant re-
gional variability. (Photo courtesy of: The 
Ohio State University College of Veterinary 
Medicine, Department of Veterinary Biosci-
ences) (anti-PNL2, 100X) 
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The moderator cautioned participants to 

maintain an index of suspicion for osteogenic 

melanoma, particularly in the oral cavity 

where neoplasms such as ossifying fibroma 

and osteosarcoma or lesions producing ce-

mento-osseous matrix are more apt to come 

to mind when presented with spindle cells 

producing an osteoid-like matrix.  
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Figure 3-1. Eye, dog.  A section of the globe 
is submitted for examination.  At subgross 
magnification, the uvea is markedly expnded 
by a neaoplastic round cell tumor.  The lens 
is pushed artifactually into the vitreous in 
this section. (HE, 5X) 

CASE III:  

Signalment:       

7-year-old, female spayed Bassett hound 

(Canis familiaris)  

History:  

The patient initially presented to a veterinary 

clinic with a two-day history of inappetence 

and lethargy.  Blood work performed in-

house at that time revealed elevated liver en-

zyme activities. Splenomegaly was detected 

by ultrasound, and the spleen was conse-

quently removed surgically. Three months 

later, the dog re-presented with exophthal-

mos of the left eye. The clinician diagnosed a 

luxated lens and glaucoma. The eye was enu-

cleated and submitted for histology. The clin-

ical concern was metastasis to the eye from 

the previously diagnosed splenic mass.  

Gross Pathology:  

The submitted trimmed globe was 24 x 24 x 

27 mm. 

 

 

 

Microscopic Description:  

Globe: There is severe multifocal infiltration 

of the uveal tract by unencapsulated sheets of 

moderately pleomorphic round cells, result-

ing in thickening of the choroid (to 600 µm) 

and iris (to 2.5 mm). Neoplastic cells have 

scant, lightly eosinophilic cytoplasm and ir-

regularly round to elliptical nuclei with 1-2 

atypically large nucleoli. The mitotic rate av-

erages 2-4 per HPF. There is moderate aniso-

karyosis.  Similar cells are present in the lu-

mina of choroidal vessels, as well as in ciliary 

process epithelium and in the anterior cham-

ber. The neoplastic round cells form sheets 

adherent to the anterior aspect of the iris. 

They are also present between the sensory 

and non-sensory retina, admixed with mela-

nin-containing macrophages of presumptive 

retinal pigmented epithelium (RPE) origin. 

Modest numbers of small lymphocytes, inter-

preted as an inflammatory response, are pre-

sent at the margins of the intra-uveal neo-

plastic infiltrates. Other changes include reti-

nal detachment with tombstone hypertrophy 

of the RPE, deep neovascularization of the 

corneal substantia propria, hemorrhage with 

fibrin exudation in the anterior chamber, and 

hemorrhage in the posterior chamber and in 

the vitreous. There is posterior luxation of the 

lens, edema of ciliary processes, mild vacuo-

lation of lens fibers at the lenticular bow, cy-

toplasmic vacuolation with partial loss of 

corneal endothelium, and partial occlusion of 

the drainage angle. 

 
Figure 3-2. Eye, dog.  The iris is markedly ex-
panded by sheets of neoplastic lymphocytes. 
(HE, 102X) 
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Figure 3-3. Eye, dog. High magnification of 
neoplastic lymphocytes within the iris. 

 

Contributor’s Morphologic Diagnosis:  

Eye, uvea: Lymphoma, metastatic, with sec-

ondary retinal detachment, intraocular hem-

orrhage, uveitis and glaucoma, Basset hound, 

canine.  

 

Contributor’s Comment:  

The dog was diagnosed three months earlier 

with intrasplenic T cell lymphoma. This was 

based on positive staining for CD3 and nega-

tive staining for CD79a. A comparable stain-

ing pattern was evident in the intraocular 

mass. The clinician’s concern about intraoc-

ular metastasis, resulting in lens luxation and 

glaucoma, was warranted. 

 

Lymphoma is the most common metastatic 

intraocular tumor of dogs.1 It may occur in as 

many as one third of canine lymphosarcoma 

cases.8,11 Primary intraocular lymphomas 

(presumed solitary ocular lymphoma 

[PSOL], corresponding to the primary intra-

ocular lymphoma [PIOL] of human patients) 

can also occur. Such tumors are considered 

rare in dogs.5,7,11 

 

The clinical presentation in this case (i.e., 

glaucoma and lens luxation) is fairly typical 

for dogs with lymphoma metastatic to the 

eye.  Clinical features may also include uvei-

tis, retinal hemorrhage, retinal detachment, 

hyphema, and conjunctivitis.1,5 Most of these 

features were found histologically in this dog. 

Ocular signs may represent the initial finding 

in dogs with generalized lymphoma, prompt-

ing owners to take the animal to a clinician.  

This salmagundi of intraocular changes can 

mimic other primary intraocular conditions 

and mislead clinicians, analogous to the mas-

querade syndrome in people.2  

 

Confirmation of metastasis of lymphoma to 

the eye(s) can be of prognostic value for dogs 

undergoing standard chemotherapeutic regi-

mens. Such dogs have a lifespan only 60 – 

70% as long as those without ocular metasta-

sis. Intraocular metastasis of lymphoma to 

one or both globes is therefore an ominous 

development.1 Neoplastic lymphocytes are 

thought to localize initially in the anterior cil-

iary body and/or iris root.5 When the intraoc-

ular lymphoma is at a more advanced stage, 

as in this case, the anterior uvea tends to be 

the most severely infiltrated component, fol-

lowed by the choroid.1 Median survival time 

in one study of 100 dogs with intraocular 

lymphoma was 104 days. There was no sta-

tistical difference in survival time between 

animals with lymphoma of T versus B cell 

derivation.5 Survival times in dogs with true 

primary intraocular lymphoma are longer 

(MST: 769 days) and some appear to have 

been cured by surgical enucleation alone.5 

Survival times in dogs undergoing chemo-

therapy for intraocular lymphoma can be as 

long as one year, compared to 2-4 weeks for 

untreated dogs.5 

 

 
Figure 3-4. Eye, dog. Neoplastic lymphocytes 
stain strongly immunopositive for CD3 (a T-
cell marker).  (anti-CD3, 400X) 
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Figure 3-5. Eye, dog. Neoplastic cells are im-
munonegative for CD20 (a B-cell marker).  
(anti-CD20, 400X) 

 

There is an interesting disparity between in-

traocular lymphoma in dogs with multicen-

tric T cell lymphoma relative to human pa-

tients.  People with generalized T cell lym-

phoma rarely develop intraocular metasta-

ses.5 By contrast, a voluminous literature 

now exists about primary intraocular lym-

phoma in people, generally of B lymphocyte 

origin, which may also involve brain, spinal 

cord and/or meninges.2  These are thought to 

arise in a multicentric fashion in the CNS and 

in the retina-vitreous.   

 

In our experience, clinicians prefer to enucle-

ate eyes in which they suspect intraocular ne-

oplasia rather than use cytology first to estab-

lish the identity of the tumor. Some current 

cytology texts provide guidelines for inter-

pretation so that cytology and/or antigen re-

ceptor rearrangement (PARR) testing may be 

used more in the future following anterior 

chamber paracentesis.9,10 For understandable 

reasons, cytology is more commonly used in 

human ophthalmology for intraocular 

masses, relative to dogs or cats. It is likely in 

this case that cytological sampling of anterior 

chamber could have generated a diagnosis of 

lymphoma. 

 

 

 

 

 

Contributing Institution:  

Wyoming State Veterinary Laboratory 

1174 Snowy Range Road 

Laramie, WY 82070. 

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

 

JPC Diagnosis: 

Eye, uvea: Lymphoma, intermediate cell, 

mid-grade. 

  

JPC Comment:   

This case provides an excellent, classic ex-

ample of the ocular manifestation of canine 

multicentric lymphoma. As the contributor 

notes, ocular involvement is seen in over one-

third of dogs with multicentric lymphoma 

and is second only to enlarged lymph nodes 

as the most common clinical finding in ca-

nine lymphoma. Due to hematogenous 

spread, the uveal tract, most commonly the 

choroid, is affected in the vast majority of 

cases (97% in one large retrospective study), 

followed by the retina (46%), the cornea 

(32%), and the sclera (43%).5 As in this case, 

peripheral T-cell lymphoma is the most com-

mon histologic subtype encountered in the 

eye, followed closely by diffuse large B-cell 

lymphoma (DLBCL).5 

 

While lymphoma is the most common meta-

static intraocular tumor, it is, of course, not 

the only one. A recent large retrospective 

study of 173 canine intraocular tumors found 

that the median age of diagnosis was 10 

years, and the most commonly represented 

breeds included neoplasia stalwarts Labrador 

Retrievers and Golden Retrievers as well as 

mixed breed dogs.4 In this patient population, 

the primary multicentric malignancies were 

lymphoma and histiocytic sarcoma, con-

sistent with previous reports.4 Intraocular his-

tiocytic sarcoma is associated with a particu-

larly short post-diagnosis survival time lend-

ing support to the view that intraocular histi-

ocytic sarcoma is most commonly manifesta-

tion of disseminated, multicentric disease.4 
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Excluding the hematopoietic/multicentric tu-

mors, hemangiosarcoma was found to be the 

most common metastatic intraocular tumor. 

Metastatic epithelial neoplasms represented 

in the study included mammary, pancreatic, 

and urothelial carcinomas.4   

 

The moderator began discussion of this case 

by noting the mild edema and multifocal vas-

cularization of the cornea, which had been 

overlooked in initial descriptions of the slide. 

The moderator cautioned participants to ex-

amine all tissues present, particularly when, 

as in this case, the slide is dominated by one 

major, attenting-grabbing lesion. And while a 

dramatic lesion, conference participants 

made relatively short diagnostic work of this 

neoplasm. Participants briefly discussed the 

possibility of melanoma, which the modera-

tor noted would, in dogs, typically be nodular 

rather than the diffusely thickend iris exam-

ined in section. The common top differential 

was lymphoma, confirmed by the diffuse 

positive cytoplasmic immunoreactivity of ne-

oplastic cells for CD3. 

 

Conference discussion moved to the clinical 

diagnosis of glaucoma and the lack of con-

vinving evidence of glaucoma on histologic 

examination. The moderator noted that de-

generation of the retinal ganglion cell layer is 

a key histologic hallmark of glaucoma that 

was absent in the examined section. Partici-

pants remarked on the tombstoning and hy-

pertrophy of the retinal pigmented epithelium 

which suggests that the observed retinal de-

tachment is unlikely artifact, though a cause 

for the detachment was not apparent histolog-

ically. 

 

The moderator noted that presence of intra-

ocular lymphoma automatically makes for 

stage V disease under the WHO lymphoma 

guidelines. This is a codification of the lym-

phoma dogma of “if it’s in the eye, it’s eve-

rywhere.” The moderator noted that this view  

 
Figure 3-6. Eye, dog.  Neoplastic cells expand 
the choroid beneath the detached, mildly 
atrophic retina.  (HE, 66X). 

 

is changing, pointing to the presence of pre-

sumed solitary ocular lympoma [PSOL] 

which can often be successfully treated by 

enucleation. 

 

Discussion ended with a brief survey of 

unique feline ocular neoplasias, including fe-

line diffuse iris melanoma. The moderator 

noted that the examined section would be 

suspicious for this entity if the patient were a 

cat as the histological appearance is similar. 

Conference participants also discussed feline 

post-traumatic ocular sarcoma, an aggressive 

neoplasm that is locally invasive with meta-

static potential. The sarcoma arises from met-

aplastic lens epithelium and can invade extra-

orbital tissues, typically via the limbus or the 

optic nerve. 
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Figure 4-1. Pancreas, dog. A 15 x 3 x 3 cm 
segment of the left limb and body of the 
pancreas was submitted for histologic evalu-
ation.  (Photo courtesy of:  Department of 
Population Health and Pathobiology, North 
Carolina State University College of Veteri-
nary Medicine, Raleigh, NC 27607 
https://php.cvm.ncsu.edu/) 

CASE IV:  

Signalment:  

11-year-old, female spayed German short-

haired pointer (Canis familiaris) 

History: 

This patient initially presented for bilious 

vomiting and a pancreatic mass was subse-

quently identified on abdominal ultrasound 

and confirmed with computed tomography 

(CT). Partial pancreatectomy to excise a 15 

mm diameter mass from the right distal limb 

of the pancreas was performed. The patient 

presented 6 weeks later for a recheck CT at 

which time an additional pancreatic mass was 

identified. Another partial pancreatectomy, 

this time of the left limb and body of the pan-

creas, was performed. 

 

Gross Pathology:  

A formalin-fixed, 15 x 3 x 3 cm segment of 

the left limb and body of the pancreas was 

submitted for histologic evaluation. Near the  
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Figure 4-2. Pancreas, dog. A nodule of neo-
plastic acinar tissue is largely replaced by eo-
sinophilic hyaline material.  (HE, 4X) 

 

proximal aspect was a rounded, 4 x 3 x 2.5 

cm, light brown mass. The cut section re-

vealed multifocal to coalescing rounded, 

smooth, firm, light brown, waxy nodular ma-

terial (up to 1.4 x 1.2 x 1.2 cm diameter) with 

embedded and semi-firm brown tissue.  

 

Microscopic Description:  

Pancreas: Markedly expanding, replacing, 

and effacing the pancreatic architecture and 

compressing resident pancreatic tissue, is a 

poorly-demarcated multilobular mass of neo-

plastic polygonal cells and extracellular ma-

trix. Neoplastic cells form irregular acini and 

ducts and are embedded within and adjacent 

to an abundant, acellular, eosinophilic, hya-

linized matrix that comprises approximately 

30-70% of the mass (varied in different sec-

tions). Neoplastic epithelial cells have varia-

bly distinct cell borders, moderate to abun-

dant brightly eosinophilic granular cyto-

plasm, and a large vesicular nucleus often 

with central single prominent nucleolus, but 

occasionally up to three nucleoli. Anisocyto-

sis and anisokaryosis are moderate with fre-

quent karyomegaly and 14 mitotic figures in 

10 hpfs (2.37 mm2). Multifocally, ducts have 

lost cellular detail and contain eosinophilic 

cellular debris. Cellular debris and few mac-

rophages with intracellular pyknotic debris 

are scattered throughout the neoplasm. Dif-

ferentiation between overtly neoplastic cells 

and resident cells is limited in marginal areas 

where more normal tubules and acini are also 

in close proximity to the hyalinized matrix.  

 

Contributor’s Morphologic Diagnosis:  

Pancreas: Exocrine pancreatic adenocarci-

noma, hyalinizing type. 

 

Contributor’s Comment:  

This pancreatic mass is consistent with a hy-

alinizing type of exocrine pancreatic carci-

noma. A recent review of pancreatic carcino-

mas in the dog reports these tumors are rare 

with no clear sex-predilection and a potential 

breed predisposition in Airedale terriers.1 

Clinical signs are typically non-specific and 

can include vomiting, inappetence, diarrhea, 

polyuria/polydipsia, and a palpable ab-

dominal mass.1 The hyalinizing variant has 

only been reported in dogs, with most occur-

ring in the right limb of the pancreas.3  

The composition of the hyalinized matrix has 

not been fully characterized, though applica-

tion of special and immunohistochemical 

stains to masses of this type have not been 

consistent with amyloid A, laminin, collagen, 

immunoglobulin, or alpha-1 antitrypsin.3 

 

Types of recognized and reported variants of 

exocrine pancreatic carcinomas in the dog in-

clude acinar, ductal, hyalinizing, and mixed 

endocrine-exocrine.1,2 Growth patterns are 

described including acinar, solid, rosette, 

clear, mucinous, and tubulopapillary with 

variable differentiation.1,4 Acinar is most 

commonly reported in dogs, as compared to 

humans, in which exocrine pancreatic carci-

nomas are more often ductal, though differ-

entiation can overlap within the same tumor.1 

Exocrine pancreatic carcinomas have the po-

tential for metastasis, especially to the liver 

and local lymph nodes.3 Evidence of metas-

tasis was not identified in additional tissues 

submitted for this patient. 
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As cases are rare, no particular set of prog-

nostic features has been established, though 

the hyalinizing variant may have better post-

diagnosis survival times, especially if the pa-

tient survives the acute-post surgical inter-

val.3 The patient in this case was alive at time 

of submission, nearly seven months after ini-

tial diagnosis.  

Contributing Institution: 

Department of Population Health 

and Pathobiology  

North Carolina State University  

College of Veterinary Medicine 

Raleigh, NC 27607 

https://php.cvm.ncsu.edu/ 

 

JPC Diagnosis: 

Pancreas: Exocrine adenocarcinoma, hya-

linizing type. 

 

JPC Comment:   

As the contributor notes, pancreatic neoplasia 

in dogs is rare, and the hyalinzing variant, so 

beautifully demonstrated by this case, is rarer 

still. Most canine pancreatic neoplasms are  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

derived from the exocrine epithelium and are 

usually malignant, with clinical signs appre-

ciated only after extensive local growth or 

metastasis to the liver, lymph nodes, or 

lymph nodes has occurred.3  

 

Canine exocrine pancreatic carcinomas come 

in many varieties, with cuboidal, polygonal, 

or columnar cells of varying polarities and 

degrees of granulation forming tubules, aci-

nar structures, or solid sheets of cells on stro-

mal elements raning from delicate and fibro-

vascular to scirrhous. Histologic subcatego-

ries based on morphology are described for 

canine pancreatic neoplasias, though these 

subcategories currently have no confirmed 

prognostic significance or ability to predict 

biologic behavior.3 

 

The hyalinizing variant of exocrine pancre-

atic carcinoma was first and most extensively 

described in a case series of six older mid-

sized dogs; in most of these patients, the mass 

was present grossly as a single solitary mass, 

and most were discovered incidentally.3 As  

Figure 4-3. Pancreas, dog. Foci of neoplastic acinar tissue are embedded in abundant eosinophilic 
hyaline material. (HE, 80X) 
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nicely demonstrated by this case, the feature 

that distinguishes the hyalinzing variant from 

a traditional exocrine pancreatic carcinoma is 

the presence of large contiguous areas of ac-

cumulated extracellular hyaline material that 

has the appearance, though not the staining or 

immunohistochemical properties, of amy-

loid.3 Neoplastic cells typically form tubules 

and are well-differentiated, with recognizable 

zymogen granules within the cytoplasm.3 In 

the initial case study, these histological fea-

tures suggested a low-grade malignancy in all 

six cases, though some features of malig-

nancy were noted, such as mild cellular 

atypia, frequent mitotic figures, and stromal 

invasion.3 

 

As the contributor notes, based on the few re-

ported cases of hyalinizing exocrine pancre-

atic adenocarcinoma, it is possible that this 

variant has a less aggressive course than its 

conventional counterpart. In contrast to con-

ventional exocrine pancreatic adenocarcino-

mas, which have often metastasized or in-

vaded at the time of diagnosis, in the initial 

descriptive case study of 6 dogs, metastatic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

disease was present in only 1 dog, and this 

dog lived for 16 months post-diagnosis.3 

Speculating on the possible causes for this 

relatively indolent behavior, researchers pos-

ited that perhaps the unique accumulations of 

hyalinized matix within the tumor provided 

mechanical or biochemical impediments to 

the cell-matrix interactions required for tu-

mor growth, invasion, and metastasis.3 

 

Conference participants were struck by the 

abundant matrix that is the main histologic 

feature of this neoplasm. This matrix, to-

gether with the relatively differentiated neo-

plastic cells, made for an easy, though unfa-

miliar diagnosis. Discussion focused pre-

dominately on the nature of the matrix itself 

which, as noted, is of unknown composition. 

Participants evaluated a Masson trichrome, 

which stained the matrix an unusual gray-

blue which was quite distinct from the vibrant 

blue staining of normal mature collagen. 

Evaluation of a Movat pentachrome stain re-

vealed a deep yellow-orange color, most con-

sistent with, but not specific for, collagen. 

While a tumor of first instance for most 

Figure 4-4. Pancreas dog. High magnification of neoplastic acinar cells embedded in hyaline mate-
rial.  (HE, 237X) 
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conference participants, the moderator noted 

that these tumors do occasionally appear in 

her diagnostic workload, including, an as-yet 

unpublished case in a cat.  
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WSC 2023-2024 

Conference 21 Self-Assessment 

1. Which of the following thymoma variants are characterized by spindle epithelial cells? 

a. Type A 

b. Type AB 

c. Type B 

d. Types A and AB 

 

2. Which of the following is not a documented form of heterologous differentiation in 

melanomas? 

a. Lipomatous 

b. Osteosarcomatous 

c. Fibroblastic 

d. Encephalitis 

 

3. Which of the following is true?  

a. There was no statistical difference in survival time between animals with ocu-

lar lymphoma of T versus B cell derivation. 

b. Primary intraocular has a shorter mean survival time than metastatic ocular 

lymhoma. 

c. The choroid is primarily involved in advanced intraocular lymphoma 

 

4. The composition of the matrix in hyalinizing pancreatic adenocarcinoma is composed 

of: 

a. AA amyloid 

b. AL amyloid 

c. LPH-1-antitrypsin 

d. It’s yet unknown. 

 

5.  Which of the following is not a recognized fom of pancreatic exocrine adenocarci-

noma?. 

a. Hyalinizing 

b. Solid 

c. Clear cell 

d. Rosette 
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CASE I:   

 

Signalment:  

18-month-old Angus heifer, Bos taurus, bo-

vine.  

 

History:  

Two out of a herd of one hundred heifers had 

a history of progressive wasting and diarrhea. 

One of the heifers had a body condition score 

of 1/5 and was euthanised.  

 

Gross Pathology:  

A field post-mortem was performed and over 

10 adult liver flukes were observed in the 

liver parenchyma, as well as occasional mul-

tifocal areas of chronic pulmonary consolida-

tion and suspected ileum thickening.   

 

Laboratory Results: 

Serum liver fluke ELISA S/P % - 158 (strong 

positive).  

 

Serum pestivirus antigen capture ELISA - 

negative.  

 

Bovine Johne’s disease liquid culture and 

PCR - negative. 

 

Microscopic Description:  

Portal areas are markedly expanded by pro-

liferative fibroblasts, mature connective tis-

sue, markedly increased numbers of small 

caliber bile ducts (biliary hyperplasia) replac-

ing periportal hepatocytes and frequently 

joining between adjacent portal areas and  

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Liver, ox. One section of reactive 
lymph node (left) and two section liver are 
submitted for examination .  At subgross 
magnification, there is bridging fibrosis be-
tween portal areas, and on the section at 
right, a cross section of a fluke is present in a 
bile duct.  (HE, 4X) 

 

isolating hepatic lobules (bridging fibrosis),  

and numerous eosinophils and lymphocytes. 

Macrophages scattered in portal areas and si-

nusoids often contain yellow-brown pigment 

(likely bile). Multifocally replacing paren-

chyma, there are several irregular, well de-

marcated areas of homogenous eosinophilic 

material (proteinaceous oedema) with extrav-

asated erythrocytes (haemorrhage) and fre-

quent intact and degenerate eosinophils and 

macrophages, surrounded by fibrillar eosino-

philic material (fibrin) (liver fluke migration 

tract). Focally replacing the parenchyma, 

there is a longitudinal section of a 3.1 x 0.9 

mm metazoan parasite which features a 

prominent outer tegument with spines on the 

anterior two thirds, muscular anterior (oral) 

and ventral suckers, with a digestive tract 

which includes a caecum containing yellow-

brown pigment, surrounded by parenchyma,  
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Figure 1-2. Liver, ox. There is bridging fibrosis 
of portal areas and marked biliary hyper-
plasia. (HE, 82X) 

 

and no evidence of a uterus, vitellarian 

glands, or eggs (morphology consistent with 

juvenile Fasciola hepatica).    

 

Contributor’s Morphologic Diagnosis:  

Liver: Fibrosis, periportal and bridging, 

marked, diffuse, chronic, with marked biliary 

hyperplasia, eosinophilic and lymphocytic 

portal hepatitis, parasitic migration tracts and 

intralesional juvenile trematode, morphology 

consistent with Fasciola hepatica, Bos tau-

rus.  

 

Contributor’s Comment: 

Liver fluke (Fasciola hepatica) is a common 

endoparasite of cattle and sheep which is en-

demic to Eastern Australia and poses a major 

economic threat to producers.1 The life cycle 

of the liver fluke in the animal begins with 

excystment of metacercariae in the small in-

testine where newly emerged juvenile flukes 

migrate to the liver and then over 8-10 weeks 

migrate through the hepatic parenchyma to 

the bile ducts. Here, they mature into adult 

flukes and produce eggs in the bile and feces 

8-10 weeks post infection.2 In the acute 

phase, the migration through the liver causes 

extensive inflammation and hepatocellular 

damage, which induces an antibody re-

sponse.2 

 

There are several different methods used to 

diagnose liver fluke, including fecal sedi-

mentation examination, necropsy, histo-

pathology, and immunological based tests 

which include an antibody ELISA, or a com-

mercial fecal copro-antigen ELISA (cELISA; 

Bio X diagnostics, Belgium). Each method 

has advantages and disadvantages, and test 

results should be interpreted in light of the 

tests’ shortcomings.  

 

Fecal sedimentation results in cattle have var-

iable sensitivity (30-60%) due to the intermit-

tent shedding of the fluke eggs, volume of the 

feces produced, and the relatively long pre-

patent period.14 The specificity is high at 

99%.7 This test will only detect the presence 

of female adult fluke.  

 

Liver fluke antibody ELISA may be per-

formed on serum and milk and will detect 

IgG antibodies for F. hepatica excretory- se-

cretory (E/S) antigen from 2-4 weeks post in-

fection.13 The sensitivity and specificity for 

the serum antibody ELISA varies depending 

on the season and ranges from 72-94% and 

76-89%, respectively.7 Another advantage of 

the antibody ELISA is that it can be used for 

surveillance and herd level diagnosis in bulk 

milk samples with ranges of sensitivity and 

specificity being 81.3-95% and 98.2-100%, 

respectively.11 The antibody ELISA can only 

detect exposure and may remain positive for 

at least 4 weeks post flukicide treatment; 

therefore, veterinarians should take caution 

interpreting these results as cattle may not be 

currently infected.2 

 

The cELISA detects F. hepatica E/S antigen 

in the feces 6-8 weeks post-infection and can 

detect low liver fluke burdens.6 The cELISA 

was designed for and is commercialized for 

the use of detecting liver fluke in sheep. 

Many studies have reviewed the use of the fe-

cal copro-antigen ELISA in cattle. Palmer et 



449 
 

al. (2014) illustrated that the specificity of the 

cELISA was 100% in cattle.9 

 

When following the recommended cut off for 

the commercial kit the sensitivity was 80% in 

comparison to 87% when using a lower cus-

tom cut off for liver fluke detection in Aus-

tralian cattle.9 Multiple studies have used a 

modified cut off when using the commercial 

cELISA in cattle and therefore there is no 

consensus on the method and hence sensitiv-

ity of the commercial kit.2,3,9 Furthermore, 

the sensitivity of this test varies over time as 

the antigens are released intermittently.5,7  An 

advantage of the method over the antibody 

ELISA is that worm burden can be differen-

tiated pre- and post- anthelmintic treatment.2 

Unfortunately, a fecal sample was not sub-

mitted for testing in this case.  

Finding F. hepatica on liver necropsy is con-

sidered gold-standard however this method is 

not available for living animals. Estimated 

sensitivity and specificity are 99% and 98%, 

respectively.7 These values are much higher 

compared to liver inspections at abattoirs 

which were estimated to have a sensitivity 

and specificity of 68% and 88%, respec-

tively.7 Liver histopathology can support a 

diagnosis of liver fluke, although sections of-

ten do not contain trematodes themselves. In 

this case, the size of the fluke and lack of 

gonad fits with the life cycle as juvenile 

flukes migrate through the liver parenchyma 

to the bile ducts where they become sexually 

mature.  

 

Typical hepatic lesions in acute infection are 

characterized by hemorrhagic tortuous tracts 

with an element of coagulative necrosis and 

occasional inclusion of young flukes. As the 

disease progresses, these lesions are infil-

trated by eosinophils followed by macro-

phages and giant cells which clear away the 

debris before healing occurs by formation of 

granulation tissue and fibrosis. Studies have 

shown that immature F. hepatica enters the  

 
 

liver parenchyma at 0.2 mm long and in cattle 

are approximately 1.5-3 mm long 21 days 

post-infection.8,12 Most juvenile flukes mi-

grate to the bile ducts; however, some encyst 

in a fibrous capsule within the parenchyma.8 

Mature flukes grow to approximately 2.5 cm 

long and reside in the large bile ducts and 

cause cholangitis. Biliary hyperplasia is a re-

sult of irritation by the flukes and biliary sta-

sis. In this case, there is evidence of both 

acute and chronic fluke infection, with the 

presence of immature F. hepatica and migra-

tion tracts, and biliary hyperplasia and portal 

fibrosis, respectively. This suggests that this 

animal has been previously infected, with 

current reinfection.  

 

Contributing Institution:  

Elizabeth Macarthur Agricultural Institute 

Woodbridge  Rd 

Menangle, NSW, Australia 

www.regional.nsw.gov.au 
 

JPC Diagnosis: 

Liver: Fibrosis, portal, bridging, diffuse, 

moderate to severe, with biliary hyperplasia, 

parasite migration tracts, and larval trema-

tode. 
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Figure 1-3. Liver, ox. Within a bile duct, there 
is a sagittal section of a larval trematode. The 
larva has a ridged tegument, a spongy body 
cavity with numerous subtegumental so-
matic cell nuclei, and numerous cross sec-
tions of intestine. (HE, 87X) 

 

JPC Comment:   

Fasciola hepatica has a broad geographic 

range and causes estimated annual losses of 

US $3.5 billion in the global livestock indus-

try; beyond livestock, many species of mam-

mals are affected with approximately 170 

million humans worldwide at risk of infec-

tion.4 Many mammals serve as definitive 

hosts for the fluke, including cattle, sheep, 

buffalo, and humans. 

 

F. hepatica has a rather complicated life cy-

cle which begins when non-embryonated 

eggs are shed in the feces of an infected de-

finitive host.1,10 Eggs become embryonated 

and hatch in water, followed by release of mi-

racidia which then penetrate an aquatic snail 

which serves as the intermediate host.1,10 De-

velopment continues within the intermediate 

host until the free-swimming cercarial form 

is released into the environment.1,10 Cercariae 

encyst on plants and form metacercariae 

which are then ingested by a human or animal 

host.1,10 As noted by the contributor, once in-

side the host the metacercariae migrate 

through the duodenal wall, the peritoneal 

cavity, and then through the parenchyma of 

the liver for six to seven weeks until they 

reach the bile duct, where they mature into 

adults.1,10 Once a patent infection is estab-

lished, flukes are prodigious egg layers, with 

a single adult fluke contaminating the 

environment with 20,000-50,000 eggs per 

day over a long time period.1 In cattle, egg 

production eventually begins to decline as the 

animal develops resistance to chronic infec-

tion. 

 

Acute fascioliasis may occur following heavy 

intake of metacercariae, typically when live-

stock are grazed on heavily contaminated, 

wet ground.1 Clinical signs may be absent, or 

may include abdominal pain and/or jaundice. 

Death is usually the result of liver hemor-

rhage secondary to the immature fluke’s mi-

gration through the hepatic parenchyma.1 

Subacute disease is heralded by jaundice, ill 

thrift, and anemia secondary to extensive mi-

gration-related liver damage which results in 

death in 8-10 weeks.1 

 

Chronic fascioliasis is the most common 

form of the disease in cattle, sheep, goats, 

horses, and pigs, and develops when the 

flukes reach the bile ducts, begin ingesting 

blood, and cause anemia, chronic inflamma-

tion, and enlargement of the bile ducts.1 The 

disease is insidious, with increasing severity 

of anemia, decreasing appetite, reluctance to 

move, and, in some animals, submandibular 

edema (“bottle jaw”).1 

 

A complication of fluke infection is Black 

disease, an acute and fatal liver disease  that 

develops in fluke-infested sheep and cattle. 

Black disease is caused when fluke migra-

tion-induce liver damage provides a suitably 

anaerobic environment for the germination of 

Clostridium novyi type B spores within the 

liver. C. novyi multiplies in areas of hepatic 

necrosis and elaborates a necrotizing alpha 

toxin which causes more tissue damage, lead-

ing to a vicious cycle of bacterial prolifera-

tion and toxin elaboration. The disease, also 

called infectious necrotic hepatitis, causes 

acute death primarily in sheep, sometimes in 

cattle, and rarely in pigs and horses.1 Control 

is largely through reduction of fluke or  
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Figure 1-4. Liver, ox. Scattered randomly 
throughout the parenchyma, there are foci of 
necrosis (migration tracts) in which hepato-
cytes are replaced by various combinations 
and concentrations of neutrophils, macro-
phages, eosinophilis, lymphocytes, fibro-
blasts, and collagen. (HE, 116X) 

 

intermediate host (snail) numbers, though a 

C. novyi toxoid is available for use to control 

outbreaks. 

 

This week’s conference was a double-fea-

ture, with Dr. Paul Stromberg, Professor 

Emeritus at The Ohio State University Col-

lege of Veterinary Medicine, and Dr. Don 

Meuten, Professor Emeritus at North Caro-

lina State University College of Veterinary 

Medicine, sharing moderator duties. Dr. 

Stromberg began discussion of this case by 

noting the loss of tissue architecture, the 

“alarmed” hepatocytes, and the abundant in-

flammation and necrosis present within the 

liver. These acute changes are present against 

a background of severe fibrosis and chronic 

inflammation.  

 

The moderator noted that the histologic fea-

tures of the trematode, particularly the lack of 

a reproductive tract, the trematode as a juve-

nile and this, along with the gross findings of 

adult trematodes in the biliary tree, indicate 

that this animal is likely living in a contami-

nated environment and subject to recurrent 

bouts of infection, explaining the acute-on-

chronic nature of the observed lesions. The 

moderator noted the dilated sinusoids and at-

tenuated hepatocytes and speculated that 

these changes result from impeded hepatic 

circulation due to the massive hepatic fibrosis 

appreciated in section.  
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CASE II:  

 

Signalment:  

9-year-old female Tinker horse (Equus ca-

ballus) 

 

History:  

A mature female horse was admitted to the 

vet with hematuria. Bloodwork showed a  

 
Figure 2-1. Mammary gland, horse. A section 
of mammary gland is submitted; the normal 
architecture is distorted and inflammation is 
evident at subgross. (HE, 4X) 

 

hypoalbuminemia. The clinical signs im-

proved after treatment with antibiotics and 

anti-helminthics. 3 weeks later, the horse de-

veloped a fever and ataxia. Treatment with 

doxycycline and NSAIDs was started, but 

one day later the horse was in lateral recum-

bency and had a vertical nystagmus. It was 

humanely euthanized. 

 

Gross Pathology:  

The horse was in a good body condition with 

normal musculature and normal fat reserves. 

Both kidneys contained multifocal, pale, 

firm, well-circumscribed masses varying in 

size from 1 to 10 cm in diameter. The mam-

mary glands contained a moderate amount of 

watery, yellow fluid and were diffusely light 

pink on cut surface. Multifocally, the back 

muscles and gluteal muscles were diffusely 

pale compared to the other muscles.  

  

Microscopic Description: 

Mammary gland: Multifocally to coalescing, 

the original tissue architecture is extensively 

disrupted by foci of granulomatous inflam-

mation, characterized by large numbers of 

epithelioid macrophages and few multinucle-

ated giant cells (Langhans-type), admixed 

with large numbers of lymphocytes, plasma 

cells and eosinophils. The inflammation is 

centered around sections of nematode adults, 

larvae, and eggs, which are randomly spread 

throughout the tissue. The adult nematodes  
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Figure 2-2. Mammary gland, horse. At higher 
magnification, the normal acinar architecture 
is effaced by fibrosis and granulatomous in-
flammation. Acinar epithelium is necrotic 
and acini are often lined by thin attenuated 
epithelium. Larval nematodes are scattered 
throughout the field. (HE, 91X) 

 

are approximately 15-20 microns in diameter 

and up to 300-400 microns in length, and 

have a thin cuticle, platymyarian-meromyar-

ian musculature, intestinal tract, and charac-

teristic rhabditiform esophagus with a cor-

pus, isthmus and terminal bulb. The nema-

tode larvae measure 10-15 microns in diame-

ter and 150-250 microns in length and have a 

rhabditiform esophagus. Nematode eggs are 

ovoid, both embryonated and larvated, and 

measure approximately 10 x 50 microns. In-

cidentally, parasites are surrounded by kar-

yorrhexis and karyolysis, with loss of cell de-

tail (lytic necrosis).  

 

Contributor’s Morphologic Diagnosis: 

Mammary gland: Severe, chronic, multifocal 

to coalescing, granulomatous, eosinophilic 

and lymphoplasmacytic mastitis with myriad 

intralesional rhabditoid nematode adults, lar-

vae, and eggs, etiology presumptive Hal-

icephalobus gingivalis. 

 

Contributor’s Comment:  

The parasite with its accompanying inflam-

mation was also extensively present in the 

cerebrum, cerebellum, kidneys and some 

skeletal muscles.  

 

Halicephalobus gingivalis is a facultative, 

opportunistic nematode of the order Rhab-

ditidia, family Panagrolaimidae, and causes 

a rare form of meningoencephalomyelitis in 

equids, humans, and ruminants.4,5 The life 

cycle and pathogenesis of this opportunistic 

pathogen is still poorly understood. Hal-

icephalobus nematodes are found free-living 

in association with water, soil, and decaying 

organic matter and it is thought that transmis-

sion occurs primarily via wounds in the skin 

or mucous membranes.3  Rarely, other routes 

of infection have been suggested, including 

transmammary.  

 

Upon infection, dissemination of the infec-

tion is then thought to occur hematoge-

nously.2 Sexual reproduction is believed to 

occur during the free-living part of the life cy-

cle and although both males and females exist 

in the environment, only female nematodes 

have been observed within microscopic le-

sions. This suggests that within a host, repro-

duction occurs asexually via parthenogene-

sis.1 

 

Histologic identification of consistent lesions 

and morphologically compatible rhabditoid 

nematodes found postmortem are an indica-

tion for diagnosis, although the nematodes 

can be extracted from fresh tissue or the par-

asite can be shed in the urine if there is renal 

involvement. 

 

 
Figure 2-3. Mammary gland, horse. Lactifer-
ous ducts are filled with cellular debris and 
intrepid rhabditid larvae. (HE, 209X) 
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Contributing Institution:  

Veterinair Pathologisch Diagnostisch 

Centrum 

University of Utrecht 

https://www.uu.nl/onderzoek/veterinair-

pathologisch-diagnostisch-centrum 

 

JPC Diagnosis: 

1.  Mammary gland: Mastitis, granuloma-

tous and eosinophilic, chronic, diffuse, 

marked, with numerous adult and larval 

rhabditid nematodes.   

2.  Lymph node: Reactive hyperplasia, dif-

fuse, moderate. 

 

JPC Comment:  

Halicephalobiasis is an infection character-

ized by localized or disseminated granulom-

atous lesions that has been sporadically re-

ported in horses and zebras and less com-

monly in cows and humans.6 As the contrib-

utor notes, surprisingly little is known about 

the pathogenesis of the disease and the biol-

ogy of the causative agent, Halicephalobus 

gingivalis. The nematode was first described 

in 1954 after the worms were discovered 

within a gingival granuloma in a horse, 

providing the species name for this enigmatic 

pathogen.5 H. gingivalis has since been de-

scribed in, among other tissues, the central 

nervous system, kidneys, oral cavity, eyes, 

lungs, adrenal glands, spleen, liver, heart, 

and, with this case, the mammary gland.5,6 

 

Due to the variety of tissues that can be af-

fected, the clinical presentations and signs of 

halicephalobiasis are highly variable; how-

ever neurologic and renal lesions, and their 

attendant clinical signs, appear to be 

overrepresented in published case reports.6 

The nematode itself has a distinctive mor-

phology, which is nicely demonstrated in the 

abundant longitudinal and cross sections pre-

sent in the examined slide. Adult H. gingi-

valis nematodes are cylindrical with  

 
Figure 2-4. Mammary gland, horse. Larva 
have a rhabditoid esophagus with a corpus, 
isthmus, and bulb.  (Obligatory picture.) (HE, 
1025X) 

 

tapered anterior ends and pointed tails, and 

possess a classic rhabditiform esophagus 

composed of the canonical corpus, isthmus, 

and bulb.6  

 

The central nervous system is most com-

monly affected in horses, with massive intra-

cranial invasion often causing an acute dis-

ease with a short course.1 Gross lesions in-

clude focal arachnoid hemorrhages and mul-

tifocal thickening of the meninges. Histolog-

ically, female nematodes and larvae are 

found within lesions, particularly in peri-

vascular spaces, and lesions are characterized 

by granulomatous and eosinophilic menin-

goencephalitis, myelitis, or polyradiculitis; 

parasitic granulomas in the kidneys and gin-

giva often accompany, and are perhaps ante-

cedent to, central nervous system invasion.1 

Treatment of H. gingivalis infection is typi-

cally ineffective, most likely due to the ina-

bility of drugs such as ivermectin to penetrate 

the robust granulomatous lesions or to cross 

the blood-brain barrier; thus, these infections 

typically have a poor prognosis and a short 

course.6 Other rhabditid nematodes that can 

infect horses include Strongyloides westeri,  

Pelodera strongyloides (more commonly as-

sociated with cutaneous lesions in dogs), and 

Cephalobus spp.; however, the size and dis-

tinct morphology of H. gingivalis allow for a 

presumptive diagnosis.6  
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Figure 2-5. Mammary gland, horse. There 
goes a female Halicephalobus sailing away 
down the vessel (she’s got to get away from 
the kids!). (HE, 500X) 

 

Dr. Stromberg challenged conference partic-

ipants, who all agreed with the contributor’s 

identification of Halicephalobus gingivalis, 

to consider their level of confidence in their 

parasite identification. Considering the large 

number of rhabditid nematodes that exist in 

the environment, how does one know defini-

tively that this nematode is H. gingivalis, par-

ticularly given the unusual anatomic location  

in which this nematode is found? Addition-

ally, the extremely small size of the parasite 

makes evaluation of fine anatomic features, 

such as the type of musculature present, par-

ticularly challenging. The moderator, while 

agreeing with the etiology and diagnosis, 

urged conference participants to at least 

acknowledge when a diagnosis is based on 

probability; while, by definition, a probabil-

ity-based identification is often correct, it be-

hooves the diagnostic pathologist to realize 

that these diagnoses deserve extra scrutiny. 

 

Dr. Stromberg noted that the intensity of the 

inflammatory response evoked by a particu-

lar parasite can give insight into the evolu-

tionary history of the parasite/host relation-

ship. In this case, the typically robust inflam-

matory response suggests that the evolution-

ary history of H. gingivalis and the horse is 

short and still being written. The raging 

chronic mastitis is evidenced by a range of fi-

brosis throughout the mammary gland, which 

conference participants appreciated by exam-

ination of a Masson trichrome stain. Dr. 

Stromberg noted the correlation between the 

degree of damage and fibrosis and the num-

ber of adult and larval nematodes in a partic-

ular area, with fibrosis ranging from barely 

perceptible to obliterative in the most se-

verely affected sections. 

 

The JPC morphologic diagnosis omits a spe-

cific etiology, preferring, based on Dr. Stom-

berg’s discussion of uncertainty, to describe 

the parasite simply as a rhaditid nematode. 

Participants also felt that the changes ob-

served in the accompanying lymph node 

were severe enough to warrant their own 

mention. 
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CASE III:  

Signalment:       

10-year-old male neutered dog (Canis famil-

iaris).  

 

History:  

Left hind leg/distal femur mass. Radiographs 

showed bone lysis and periosteal reaction.  

An amputated hind leg was received at the di-

agnostic laboratory for diagnosis.  

 

Gross Pathology:  

Left hind leg mass involving the bone and as-

sociated soft tissues (skin/muscle/subcutis).  

 

Microscopic Description:  

Multiple tissues from the amputated left hind 

leg received were examined. Sections of bone 

were examined after decalcification. The ex-

amined tissues contained a non-demarcated, 

non-encapsulated neoplasm composed of 

variably loose to solid sheets of spindle to po-

lygonal cells supported on  

 

 
Figure 3-1. Skeletal muscle, quadriceps, dog.  
A neoplasm extends into and effaces the skel-
etal muscle. (HE, 5X) 

 

 

 
Figure 3-2. Skeletal muscle, quadriceps, dog.  
Neoplastic cells are arranged in short streams 
and bundles. (HE, 160X) 

 

ample fibrovascular stroma. The cells had in-

distinct to variably distinct cell borders, am-

ple eosinophilic cytoplasm, round to oval ve-

sicular nuclei and distinct nucleoli. Six mi-

totic cells were observed in 2.4 mm2/equiva-

lent to 10 N22/40x high power fields. Aniso-

cytosis and anisokaryosis were moderate and 

there were multifocal multinucleated giant 

cells consistent with osteoclasts in the mass. 

The neoplastic cells multifocally surrounded 

eosinophilic fibrillar material (osteoid) and 

osseous trabeculae.  

 

Contributor’s Morphologic Diagnosis:  

Osteosarcoma, Metastatic.  

 

Contributor’s Comment:  

Osteosarcoma (OSA) is the most common 

primary bone tumor in dogs. In general, the 

risk of developing osteosarcoma appears to 

be amplified under conditions that drive ex-

cess osteoblast activation. OSA most com-

monly develops at or near growth plates, 

where cell turnover is highest, and represents 

up to 85% of all primary malignant bone tu-

mors in the dog.4,5,7 Appendicular OSA is di-

agnosed most frequently in  middle-aged to 

older, large and giant breed dogs, and affects 

the forelimb, particularly the humerus, more 

frequently than the hindlimb.  

 

Significant differences in distribution pat-

terns are reported between age, tumor  
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Figure 3-3. Skeletal muscle, quadriceps, dog.  
Neoplastic cells regionally produce and are 
entrapped in osteoid matrix. (HE, 350X) 

 

location, and phylogenetic clusters. There are 

also significant variations in distribution pat-

terns between neuter status, age, and dog 

sizes.7 High risk of appendicular osteosar-

coma in large and giant breed dogs may often 

be the result of replicative mutations caused 

by normal processes of cell division required 

to create longer bones, with only modest con-

tributions from heritable or environmental 

factors.4  

 

Some studies identify breed associations with 

osteosarcoma risk in terms of both predispo-

sition and protection. These results can in-

form breed health reforms, especially in 

breeds such as the Rottweiler, Rhodesian 

Ridgeback and the Great Dane which have 

been shown to be highly at risk.3 The skin or 

subcutaneous tissue is often the first osteosar-

coma metastatic site detected as was ob-

served in this case. After cutaneous and sub-

cutaneous metastasis, the prognosis is grave 

with a median survival time of less than 2 

months.5 Treatment with surgery and chemo-

therapy is suggested to improve outcome and 

was reported to be significantly associated 

with survival time after the diagnosis. The 

median cutaneous/subcutaneous metastasis-

survival time for dogs treated with surgery 

and chemotherapy or chemotherapy alone 

was significantly longer than in the untreated 

ones, although the prognosis for dogs with 

metastatic tumors much poorer than for indi-

viduals with only primary tumors.6     

Contributing Institution:  

Tifton Veterinary Diagnostic and Investiga-

tional Laboratory 

College of Veterinary Medicine 

Department of Veterinary Pathology 

University of Georgia.  

https://vet.uga.edu/diagnostic-service-

labs/veterinary-diagnostic-laboratory/.  

 

JPC Diagnosis: 

Skeletal muscle and tendon: Osteosarcoma. 

 

JPC Comment:   

Osteosarcoma is well-known and well-stud-

ied in veterinary medicine; however, despite 

the familiarity of this tumor, it remains diffi-

cult to differentiate OSA from other primary 

bone neoplasms, which often present with 

similar clinical signs and radiographic ap-

pearances.1 The issue is clinically urgent as 

OSA has a high risk of metastasis and an ag-

gressive clinical course, yet histopathologic 

diagnosis of bone neoplasms was found to be 

only 72% accurate in one study, with only 13 

of 18 malignant tumors accurately diag-

nosed.1 Of the misdiagnosed tumors, 3 were 

initially diagnosed as less aggressive tumors, 

but were ultimately proved to be OSA.1 

 

Histologic differentiation of bone tumors is 

difficult primarily because of their morpho-

logic similarities and the small tissue samples 

typically provided for examination. Because 

of this, various immunohistochemical (IHC)  

 

 
Figure 3-4. Skeletal muscle, quadriceps, dog.  
Neoplastic cells regionally produce and are 
entrapped in osteoid matrix. (HE, 350X) 
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markers have been evaluated for their poten-

tial to increase the sensitivity and specificity 

of an OSA diagnosis; however, a single sen-

sitive and specific marker to differentiate 

ostoblastic cells in formalin-fixed tissue has 

yet to be identified.1 A recent study in Veter-

inary Pathology characterized the expression 

patterns of four osteoblast-associated mark-

ers—Alkaline phosphatase (ALP), runx2, os-

teonectin, and osteopontin—to determine if 

the expression patterns of these proteins 

would be useful in differentiating OSA from 

other bone tumors.1 

 

ALP is already used for this purpose in cytol-

ogy, where staining for ALP enzyme activity 

on cytologic samples can increase the sensi-

tity and specificity of an OSA diagnosis to 

100% and 87%, respectively.1 In contrast, 

ALP IHC staining identifies the protein ra-

ther than its enzymatic activity, and, on for-

malin-fixed tissue, has an excellent sensitiv-

ity (100%) but only a limited specificity 

(30%), making it unreliable for diagnosing 

OSA as a sole marker.1 Runx2 is a transcrip-

tion factor that is essential for osteogenesis, 

skeletal development, and osteoblastic differ-

entiation. Its expression is consistently ele-

vated in both human and canine OSA, and 

runx2 IHC staining was found to be 87% sen-

sitive and 78% specific in the diagnosis of ca-

nine OSA.1 

 

Based on the sensitivity and specificity pro-

files of the four examined markers, the au-

thors found the greatest diagnostic benefit 

from running ALP and runx2 in series.1 The 

diagnostic algorithm requires running the 

ALP IHC first. Due to the high sensitity of 

ALP, if the sample is negative, the tumor is 

likely not an OSA and no further testing is 

necessary. If the tumor expressed ALP, how-

ever, runx2 should be interrogated to further 

characterize the tumor. When performed in 

series in this order, ALP and runx2 have a 

combined sensitivity of 87% and a specificity  

 
Figure 3-5. Skeletal muscle, quadriceps, dog. 
There is marked fibrosis for the skeletal mus-
cle and atrophy of individual myofibers. (HE, 
400X)   

 

of 85% providing a useful set of diagnostic 

OSA markers.1 

 

The moderator for this half of the conference, 

Dr. Meuten, used this classic entity to com-

pare and contrast the traditional narrative, de-

scriptive reports produced by most veterinary 

pathology diagnostic institutions, including 

this one, with the more streamlined, data 

point-driven process of synoptic reporting. 

After noting that synoptic reporting has be-

come the standard in human pathology prac-

tice, Dr. Meuten led a robust discussion cen-

tered on the practical challenges associated 

with and the institutional and individual re-

sistance to the transition. 

 

Synoptic reporting dispenses with narrative 

descriptions and pares down diagnostic deliv-

erables to discrete pieces of data reported in 

defined formats in a checklist-style report.2 

As extensively discussed in conference, the 

challenge with synoptic reporting is choosing 

what data gets collected, what data gets re-

ported, and to whom the data is disseminated. 

While it is facile to state that only data which 

has proven diagnostic, prognostic, and pre-

dictive value should be reported, in practice, 

this becomes complicated by practical con-

siderations related to the need for future data 

mining, the different needs of different audi-

ences, and what is considered diagnostic or 
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prognostic enough to merit inclusion in the 

report. 

 

In the context of this particular tumor, discus-

sion focused on whether histologic subtype, 

which does not currently have clear predic-

tive value, should be included on a hypothet-

ical synoptic report template for OSA. Some 

residents thought that the examined OSA 

might be a telangiectatic subtype and felt that 

this information should be collected. The 

moderator countered that the potential oncol-

ogist reading the report would likely treat the 

animal the same, regardless of histologic sub-

type, so should the synoptic report include 

only the diagnosis? 

 

The interesting, rhetorical discussion raged 

on for some time with the moderator passion-

ately exploring the concept of synoptic re-

porting  to an engaged but admittedly skepti-

cal audience. An excellent discussion of  the 

considerations involved in synoptic reporting 

can be found at the Veterinary Cancer Guide-

lines and Protocols website.2  
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CASE IV:  

Signalment:  

8-year-old female intact American Stafford-

shire terrier (Canis familiaris).  

History: 

The dog presented to the small animal hospi-

tal with acute onset of tachypnea, abdominal 

breathing, tachycardia, and bright red mu-

cous membranes. The dog had been coughing 

for a month, had been inappetent, exercise in-

tolerant, and had been losing weight for 1-2 

weeks. Two weeks prior, the dog was diag-

nosed with a urinary tract infection. The dog 

was euthanized without further diagnostics 

and subsequently submitted for necropsy.  

 

Gross Pathology:  

The dog was in good body condition. Origi-

nating from the mucosa of the trigone area of 

the urinary bladder was an irregularly and in-

distinctly outlined mass, approximately 6 cm 

in diameter, with homogenous white to yel-

low colour, firm consistency, and a smooth, 

solid white cut surface. The mass extended 

into and infiltrated nearly the full length of 

the urethra. The inguinal lymph nodes were  
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Figure 4-1. Urinary bladder, dog. One section 
of urinary bladder is submitted for examina-
tion. There is transmural infiltration of the 
bladder wall (predominantly at lower right). 
(HE, 5X).   

 

severely enlarged with a homogenous light 

colour, firm consistency, and a smooth, solid 

cut surface. Bilaterally in the adrenal me-

dulla, 0.5 cm diameter, well-demarcated 

masses of similar appearance were found. 

Multifocally within all lobes of the lungs 

were abundant nodular, well demarcated 

masses of light colour, firm consistency, and 

smooth, solid cut surface, ranging from 0.3-

2.0 cm in diameter. The tracheobronchial and 

mediastinal lymph nodes displayed a similar 

appearance as the inguinal lymph nodes.  

 

Microscopic Description:  

Urinary bladder: Diffusely obliterating and 

irregularly thickening the mucosa and ex-

tending into the submucosa is a plaque-like, 

poorly demarcated and unencapsulated, infil-

trative, densely cellular epithelial neoplasm, 

extending to cut borders. A few scattered ne-

oplastic cells are also seen within the muscu-

lar layer. Neoplastic cells are polygonal, 

markedly pleomorphic, and grow in cords, 

tubules, and poorly defined aggregates in a 

scant to moderate fibrovascular stroma. Nu-

clei are large, round to oval with vesicular 

chromatin and 1-2 central, prominent nucle-

oli. Multiple multinucleated cells and cells 

with bizarre, giant nuclei are seen. The cyto-

plasm is moderate, eosinophilic, and homog-

enous to vacuolated, and cell borders are 

mostly distinct. The N:C ratio is increased. 

Multifocally, neoplastic cells exhibit large in-

tracytoplasmic vacuoles with eccentric pe-

ripherally located nuclei (signet ring for-

mation) or large intracytoplasmic vacuoles 

containing homogenous or granular eosino-

philic, PAS-positive material (Melamed-

Wolinska bodies). The mitotic activity is high 

(25 mitoses per 10 HPF) and atypical mitoses 

are present. Multifocally, neoplastic cells dis-

play pyknotic or karryorhectic nuclei (single 

cell necrosis) and there are multifocal larger, 

confluent areas of necrosis. In the muscularis  

layer are multiple tumoral emboli within 

thin-walled vessels (lymphovascular inva-

sion).  

 

Contributor’s Morphologic Diagnosis:  

Urinary bladder: Urothelial carcinoma, non-

papillary and infiltrative, high grade.  

 

Contributor’s Comment:  

Tumors of the urinary bladder are uncommon 

in dogs, accounting for ≤1% of all canine ne-

oplasms and 2% of all malignant canine neo-

plasms.3,7 Lower urinary tract carcinomas 

have four histological types: (1) urothelial, 

(2) squamous, (3) adenocarcinoma, or (4) un-

differentiated carcinoma.3 Of these, the 

urothelial carcinoma (UC), previously called 

transitional cell carcinoma (TCC), is the most 

common bladder neoplasm in all species in-

cluding dogs.7 UC is derived from the transi-

tional epithelium of the urinary tract (urothe-

lium).7 UC also occurs in cats and cattle, and 

may develop in cattle as a sequela to inges-

tion of bracken fern (enzootic hematuria).3 

Bladder neoplasms of any type are rare in 

other species.7  

 

Urothelial carcinoma occurs primarily in 

older dogs (average age 9-11 years), and fe-

males seem to be more often affected than 

males, however a statistically significant gen-

der difference is lacking.7 Neutered dogs 

seem to be predisposed to bladder neo-

plasms.7 Scottish terriers have an 18 to 20- 
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fold higher risk for UC than other dogs. Other 

breeds at higher risk are Airedale terriers, 

Shetland sheepdogs, West Highland white 

terriers, fox terriers and beagles.7  

 

Most of the UC neoplasms in dogs occur in 

the trigone area of the bladder, possibly be-

cause of a prolonged contact time of urine 

and potential carcinogens with the urothe-

lium in this area.7 In 30-55% of bladder UCs 

there will be concurrent neoplastic lesions in 

the prostate and/or urethra.7 Grossly, most tu-

mors are solitary, but they can be multiple 

and cover nearly the entire urinary bladder 

mucosa.7 They may form either papillary 

growths projecting into the lumen of the blad-

der or non-papillary, flat plaques or masses 

that bulge from the mucosa into the bladder 

lumen.7 Most are infiltrative into the muscle 

layers, producing a thickened bladder wall.7  

 

A histological grading scheme is available 

for histological diagnosis of canine UC. The 

grading scheme has been based largely on the 

World Health Organization (WHO)  

 

 

 

 

 

 

 

 

 

 

 

 

histological criteria for human UCs, and was 

last modified in 2012.1,7 In the classification 

scheme for dogs, UC is divided into low and 

high-grade variants.1,7 The most aggressive 

region of the tumor should be used to assign 

a grade.7 High-grade UCs are defined by fea-

tures of malignancy such as disorganized 

growth and loss of cell polarity, cellular 

atypia, nuclear pleomorphism, mitotic activ-

ity, deep invasion and invasion into lymphat-

ics or blood vessels.1,7 Low-grade UCs dis-

play no invasion and are confined to the mu-

cosa, exhibit mild pleomorphism, and contain 

no or only a few mitoses.7 The great majority 

of UC/TCC are high-grade and invasion is 

present in the majority of canine UCs 

(>90%).7 However, studies assessing the 

prognostic relevance of the grading scheme 

are lacking, and some studies have shown no 

correlation between histologic variables and 

prognosis.1,11 Prospective studies determin-

ing the relationship between low- and high-

grade features are needed to know if the grad-

ing scheme for UC accurately predicts clini-

cal outcomes in dogs.1,7  

Figure 4-2. Urinary bladder, dog. Neoplastic cells form tubules, trabeculae, and occasionally solid 
nests on a dense fibrous stroma. There is scattered lytic necrosis within the center of large nests. 
(HE, 111X) 
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Canine UCs can also be divided based on 

morphological pattern of growth, namely pa-

pillary (projecting into the lumen, around 

50% of cases) or non-papillary (sessile or 

flat, 50%), and infiltrating (90%) or non-in-

filtrating (10%). This designation should be 

based on the dominant gross and microscopic 

features.7 In a case series of 3 canine UCs, 

unique additional cellular morphologies were 

revealed, resembling human plasmacytoid 

and rhabdoid variants of UC.5 Reduced E-

cadherin expression was shown by immuno-

histochemistry (IHC) in 2 of the cases, possi-

bly representing increased invasiveness and 

epithelial-mesenchymal transition (EMT).5  

Keys to the histological diagnosis of UC are 

location in the urinary bladder, presence of 

large epithelial cells with multiple cellular 

and nuclear features of atypia, invasion be-

low the mucosa or into lymphatics or blood 

vessels, and the presence of so-called Mela-

med-Wolinska bodies.7 Melamed-Wolinska 

bodies are large cytoplasmic vacuoles that 

may be empty or contain homogenous or stip-

pled periodic acid Schiff (PAS) positive eo-

sinophilic material, as was confirmed in this 

case. The Melamed-Wolinska bodies are also 

uroplakin positive and are so characteristic of 

UC that if seen in preparations from other lo-

cations such as lymph node, skin, or ab-

dominal or pleural fluid, UC should be listed 

as the most likely differential diagnosis.7 

Urothelial tumor cells typically exhibit eosin-

ophilic cytoplasm, large and vesicular nuclei, 

and numerous mitoses, some of which are bi-

zarre. Multinucleated cells are common. Re-

gions of squamous and/or glandular metapla-

sia and signet ring cell formation may occur, 

as well as desmoplasmic reactions.7  

High-grade, invasive UCs are one of the most 

aggressive neoplasms in veterinary medicine 

and the prognosis is poor.4,7 Survival times 

are short for almost all UCs in dogs, and most 

dogs (>80%) die within the first year of treat-

ment.4,7 Metastases occur most commonly to 

the lungs and regional lymph nodes, but may 

also occur to bones and skin.7 Additional me-

tastases may be found in almost any organ ex-

amined.7 In a retrospective study, 17 of 188 

canine UC cases (9%) had histologically con-

firmed skeletal metastasis, mainly affecting 

vertebrae.2 Possible routes of metastases of 

canine UCs include vascular dissemination 

with tumor emboli, direct extension (perito-

neal implantation) from transmural bladder 

infiltration, or iatrogenic seeding through di-

agnostic sampling by fine needle aspirate or 

surgery.7  

Implantation of tumor along surgical excision 

paths is well documented with UC.7 In one 

study, skin metastases were seen near the 

vulva or prepuce, possibly because of urine 

scalding of the skin and subsequent transepi-

dermal spread.10 Clinically, bladder carcino-

mas in dogs are staged with the Tumor Nodes 

Metastasis (TNM) system.7 At the time of 

clinical diagnosis, 20% of dogs will have ra-

diographically detectable metastases, and 

metastases are present in a majority of dogs 

(50-90%) at autopsy.4,7  

Special genetic profiles seem to be associated 

with the development of canine UC.7 Studies 

of canine UC biopsies have revealed aberrant 

chromosomal numbers (aneuploidy) of Canis 

familiaris (CFA) chromosome 13, 19, and 36, 

with gain of CFA13 and 36 and loss of 

CFA19.13 Aberrant copy number variations 

in the same chromosomes were detected also 

by droplet digital polymerase chain reaction 

(ddPCR).8 In addition, a digital PCR assay 

has been used to detect copy number aberra-

tions (CNAs) in the ErbB2 (HER2) onco-

gene, whose product, the cell surface receptor 

tyrosine kinase ErbB2, is overexpressed in a 

variety of human malignancies.12 In the 

study, ErbB2 copy number aberrations were 

detected in 33% of UC bladder tissue, and in 

35% of UC urinary sediment, meanwhile no 

ErbB2 CNAs were detected in normal con-

trols.12 In a immunohistochemical study  
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performed on 23 samples of canine UCs, in-

tense membranous ErbB2 (HER2) immuno-

reactivity was frequently observed in neo-

plastic cells.16 In another study, 36 of 47 dogs 

(76.6% with UCs) had a mutation in proto-

oncogene B-raf (BRAFV595E mutation).6 The 

mutation was associated with tumor-pro-

duced chemokine CCL17 and infiltration reg-

ulatory T-cells, which may act as immune 

suppressors but also are thought to play a role 

in tumor progression.6  

Immunohistochemistry is rarely needed to di-

agnose primary UC unless the tumor is ana-

plastic.7 If needed, uroplakin III (UPIII) is 

considered the best IHC marker to recognize 

urothelium, and is a useful primary bi-

omarker to identify tumors of suspected 

urothelial origin.7 Uroplakin consists of four 

proteins located in a specialized plasma 

membrane (asymmetrical unit membrane, 

AUM) that connects the surface of urothelial 

cells with cytoplasmic filaments.7 UPIII is 

specific to terminally differentiated superfi-

cial urothelial cells (umbrella cells) and ex-

hibits discrete membranous  

 

 

 

 

 

 

 

 

 

 

 

 

immunoreactivity, primarily at the surface of 

cell membranes.7 UPCIII cannot be used to 

differentiate neoplastic from non-neoplastic 

lesions, but it is highly specific for urothelial 

tumors, and may be helpful to rule in or out 

UC origin in metastases or cancer of un-

known primary site.7 Due to its high specific-

ity in canine urothelial neoplasm, UPIII ex-

pression in less than 5% of neoplastic cells is 

considered diagnostic.7 UPIII labeling may 

however be lost in some high-grade, anaplas-

tic UCs, possibly due to loss of cell adhesion 

molecules, enhancing the ability to metasta-

size.7 Lack of immunoreactivity may there-

fore indicate a more aggressive tumor.7  

Antibodies to uroplakin II have been evalu-

ated in human pathology and have been 

shown to outperform UPIII.15 Urothelium 

(transitional epithelial cells) also contain cy-

tokeratins associated with simple-type epi-

thelium (CK7, CK20, CK8, CK18, CK19) 

and stratified-type epithelium (CK13, 

CK17).  

 

Figure 4-3. Urinary bladder, dog. Neoplastic cells are present in lymphatics within the mural 
smooth muscle and serosa. (HE, 46X) 
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CK7 and CK20 have been used in UC diag-

nosis in humans.7 In a canine study, CK7 and 

UPIII outperformed CK20 in the diagnosis of 

UC.9 CK7 staining was diffusely cytoplasmic 

and stained over 98% of primary UCs, 

whereas UPIII labeled 91% of primary UCs.9 

Another potential immunohistochemical 

marker for canine UC is cyclooxygenase-2 

(COX-2). COX-2 and associated production 

of prostaglandin E2 have been ascribed sev-

eral roles in carcinogenesis, including immu-

nosuppression, increased metastatic potential 

of neoplastic epithelial cells, and stimulation 

of angiogenesis.14 Immunoreactivity for 

COX-2 has been detected in UCs of dogs, but 

also in non-neoplastic proliferative bladder 

lesions.14  

Contributing Institution: 

Swedish University of Agricultural Sciences 

Department of Biomedical Sciences and  

Veterinary Public Health 

Pathology Section 

Uppsala, Sweden 

https://www.slu.se/en/departments/biomedi-

cal-sciences-veterinary-public-health/  

 

JPC Diagnosis: 

Urinary bladder: Urothelial carcinoma, papil-

lary and infiltrative. 

 

JPC Comment: 

The contributor provides an excellent over-

view of the extensively researched and de-

scribed canine urothelial carcinoma. Interest-

ingly, despite UC also being the most com-

mon bladder tumor in cats, far less has been 

published about feline UC. Feline UC com-

prises only about 0.5% of all feline malignan-

cies, compared with around 2% of all canine 

malignancies, and this difference has been 

speculatively explained by, among other var-

iables, the lower quantities of tryptophan me-

tabolites excreted in feline urine, differences 

in the chemical composition of feline flea and  

 

 
Figure 4-4. Urinary bladder, dog. High magni-
fication of lymphovascular invasion of neo-
plastic urothelium. There are lymphocytes 
and fewer plasma cells surrounding ectatic 
lymphatics containing neoplastic cells. (HE, 
237X) 

 

tick preventatives, and potential masking by 

concurrent disease in aged cats.17 

 

A recent descriptive study of feline UC in 38 

cats found that the typical histologic presen-

tation is of an unencapsulated, densely cellu-

lar neoplastic mass, often with ulceration or 

erosion of the bladder mucosa.17 As in canine 

UC, the two main histologic patterns reported 

are papillary, exophytic growths extending 

into the bladder lumen (21%) or the for-

mation of non-papillary sessile growths 

(79%).17 The case series found evidence of 

Melamed-Wolinska bodies or signet ring for-

mation in only 3 of 38 cases, perhaps indicat-

ing that this histologic finding is less frequent 

in feline cases compared with canine UC. Mi-

totic rate was variable with occasional bizarre 

mitotic figures.17 

 

Neoplastic cells are typically arranged in 

similar patterns, such as trabeculae, cords, 

and islands, as their canine UC counterparts; 

however, feline UCs frequently (9/38) con-

tain a glandular histomorphology that ap-

pears similar to a histologic variant seen in 

humans, but not dogs, and researchers sug-

gest that this unique morphology should be 

described in pathologic reports of feline UC 

to aid in identifying metastatic disease that 

may show this unexpected pattern.17 Feline 

UC neoplastic cells are present on variable 
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stroma that ranges in quantity and morphol-

ogy; stroma may be sparse or abundant, and 

may be characterized as mucinous, myxoma-

tous, or scirrhous. Inflammatory infiltrates, 

when present, are primarily composed of 

lymphocytes with fewer plasma cells and 

neutrophils.17 

 

There are some reported associations be-

tween feline UC and urinary tract infection, 

with concurrent infections reported in up to 

70% of feline UC patients.7,17 In the most re-

cent case series, approximately 28% of pa-

tients for whom clinical history was available 

had cystitis, stones or bladder crystals at the 

time of diagnosis.17  

 

Though data is sparse, feline UC is thought to 

be highly recurrent, and metastasis at the time 

of diagnosis, typically to the regional lymph 

nodes or lungs, has been reported in 12-50% 

of cases. As the contributor notes, the prog-

nosis for canine UC is strongly associated 

with the TNM staging system; however, 

TNM staging is typically not performed with 

feline UCs and prognostic information has 

therefore not been established.17 
 

As in the previous case, Dr. Meuten chose to 

discuss this classic neoplasm in the context of 

synoptic reporting. Participants discussed 

whether infiltration, grade, or both should be 

reported. Dr. Meuten noted, as does the con-

tributor, that there is no veterinary research 

that ascribes prognostic or clinical meaning 

to UC grading, and he would therefore be in-

clined to omit this data. This lead to a broader 

discussion of how synoptic reporting could 

potentially be tailored to meet the needs of 

the intended recipient, as information consid-

ered useful by a general practitioner is likely 

different than what would be useful for a vet-

erinary oncologist. Conversation broadened 

to discuss which stakeholders are best posi-

tioned to generate synoptic reporting tem-

plates. Should it be the pathologists, who are 

not necessarily up to date on the latest prog-

nostic, therapy-determinative factors for all 

tumors in veterinary oncology, or should it be 

the oncologist, who are more knowledgeable 

on those points and who are, after all, the end 

users. Dr. Meuten felt strongly that collabo-

rative effort was needed between veterinary 

oncologists and pathologists to ensure that 

any synoptic report templates are targeted, 

useful, and relevant to the widest audience 

possible. 

 

As discussed above, the authors of the most 

recent descriptive feline UC study noted that 

a particular histomorphologic feature (glan-

dular morphology) should be reported in vet-

erinary reports, not because it had prognostic 

value, but because it had potential utility in 

identifying metastatic disease with an unex-

pected histomorphology. This data point, not 

prognostic and  not backed up by extensive 

research yet nonetheless useful, gets at the 

heart of many conference participants’ con-

cerns over the trend toward synoptic report-

ing. A checklist, “just the facts” style of re-

port, while perhaps efficient, easy to read, 

streamlined, and standardized, feels as if it 

strips the profession of something fundamen-

tal: the ability to communicate impressions 

and findings, born not solely from metrics, 

but from experience, that others may find 

useful when practicing the art of medicine. 

As synoptic reporting continues to gain pop-

ularity, discussions such as these should con-

tinue to ensure that nuanced evaluation and 

communication are not sacrified on in the in-

terest of data-driven efficiency. 

 

On a more prosaic note, conference partici-

pants preferred to omit grading from the di-

agnosis as, per conference discussion, the 

histologic grade currently has no prognostic 

significance. Conference participants noted 

the contributor’s classification of the UC as 

non-papillary; however, in the section exam-

ined at conference, participants felt that the 
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dominant pattern was papillary, and this view 

is reflected in the morphologic diagnosis.  
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WSC 2023-2024 

Conference 22 Self-Assessment 

1. Adult Foasciola hepatica are found where? 

a. Liver parenchyma  

b. Cecum and colon  

c. Bile ducts  

d. Small intestine  

 

2. Which of the following test is considered the most sensitive for detection of Fasicola 

hepatica? 

a. Necropsy 

b. cELISA 

c. Serology for antibody  

d. Fecal sedimentation  

 

3. Halicephalobus gingivalis is a member of which family of nematodes? 

a. Strongyles  

b. Spirurids 

c. Ascardis 

d. Rhabditids 

 

4. Which of the following breeds has an increased incidence of urothelial carcinoma? 

a. Labrador retrievers  

b. Bedlington terrier 

c. Scottish terriers  

d. Russian wolfhounds 

 

5. Which of the following breeds has an increased incidence of osteosarcoma? 

a. Rottweilers  

b. Labrador retrievers 

c. Greyhounds  

d. Cane Corso 
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CASE I:   

 

Signalment:  

1.5 year-old neutered male domestic short-

hair cat (Felis catus). 

 

History:  

The cat presented for signs of pain evolving 

over the last month. Palpation during the clin-

ical examination localized the pain to the cer-

vical vertebral spine. Cervical radiographs 

revealed a moth-eaten lesion involving the 

left part of C3. A CT scan identified a monos-

totic osteoproliferative lesion centered on the 

left pedicle of C3 and causing stenosis of the 

spinal canal. A benign primitive bone neo-

plasia was suspected. Decompressive hemila-

minectomy was performed one month later. 

Post-operative CT scan showed residual 

compressive bone material at the surgical 

site. The animal’s condition rapidly declined 

after surgery (stage IV cranial cervical mye-

lopathy). Unfortunately, the cat became co-

matose and was maintained under artificial 

ventilation for a few hours before owners 

elected euthanasia. 

 

Gross Pathology:  

The left lamina of C3 was fractured and an 

entire fragment of bone was missing due to 

the hemilaminectomy procedure. The left 

pedicle of C3 showed a focal and poorly de-

marcated 1-1.5 cm osteoproliferative lesion 

with irregularly branching bone trabeculae 

giving a spongy appearance. The spinal cord  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Vertebra, cat. Cervical radio-
graphs revealed a moth-eaten lesion involv-
ing the left part of C3.  (Photo courtesy of:  
Unité d’Histologie et d’Anatomie patholo-
gique, BioPôle Alfort, Département des 
Sciences Biologiques et Pharmaceutiques, 
Ecole Nationale vétérinaire d’Alfort (EnvA). 
https://www.vet-alfort.fr/). 

was dorsally displaced in the vertebral canal 

and a central focus of hemorrhagic myeloma-

lacia was identified. The other organs were 

grossly unremarkable. 

 

Microscopic Description:  

Arising from the left pedicle of the C3 verte-

bra and protruding into the spinal canal and 

replacing the bone marrow is proliferative fi-

brovascular tissue that is poorly demarcated, 

moderately cellular and infiltrative. The tis-

sue is composed of capillary and arteriole-

type vessels, and less often venule-like  
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Figure 1-2. Vertebra, cat. CT scan identified a 
monostotic osteo-proliferative lesion cen-
tered on the left pedicle of C3 and causing a 
stenosis of the spinal canal.  

vessels, that irregular branch and grow within 

a loose, edematous and myxoid stroma. 

These vessels are lined by squamous and 

bland endothelial cells surrounded by peri-

cytes (capillary-like vessels) or by a layer of 

smooth muscle cells (arteriole-like vessels). 

Atypias are minimal and no mitoses are ob-

served. Some vessels are associated with 

small acute hemorrhages, fibrin exudation, or 

microthrombi. The surrounding trabecular 

bone shows bone remodeling characterized 

by irregular and scalloped outlines lined by 

plump osteoblasts and osteoclastic activity 

within Howship’s lacunae. 

The cervical spinal cord shows a dorso-lat-

eral rotation around its longitudinal axis. 

Multiple foci of acute hemorrhagic necro-

sis/myelomalacia are seen within the grey 

and white matter, most likely secondary to 

the surgery. Some perivascular cuffs of neu-

trophils, macrophages and lymphocytes are 

identified nearby. Multifocally in the white 

matter, myelin sheaths are irregularly dilated 

and sometimes contain vacuolated macro-

phages indicative of Wallerian-like degener-

ation. Some axons are also severely dilated 

and form spheroids. These changes are most 

likely secondary to the spinal cord compres-

sion. 

 

Contributor’s Morphologic Diagnoses:  

1. Cervical vertebra C3 (left pedicle): Ver-

tebral angiomatosis (vascular vertebral 

malformation/hamartoma) 

2. Cervical spinal cord: Myelomalacia, mul-

tifocal, acute, marked, with hemorrhages, 

axonal degeneration and spheroids. 
 

Contributor’s Comment: 

Feline vertebral angiomatosis was first de-

scribed in 1987 by Wells and Weisbrode in a 

case series of three cats. In this paper, the le-

sions were restricted to the thoracic vertebrae 

and diagnosed as an intraosseous vascular 

malformation.16  

This entity is characterized by a focal prolif-

eration of non-neoplastic blood vessels, 

hence the more recent denomination of verte-

bral angiomatosis.4,5,7,10,11,13-16 Similar histo-

logical lesions are recognized in human med-

icine with other names including skeletal an-

giomatosis, vertebral hemangioma, lymphan-

giomatosis, and hamartoma.7,16 This condi-

tion is not recognized as a true neoplasm be-

cause the vascular walls are well differenti-

ated and are composed of multiple cell types, 

including pericytes, smooth muscle cells, and 

fibroblasts.7,10  

 

Figure 1-3. Vertebra, cat. The left lamina of C3 
was fractured and an entire fragment of bone 
was missing (consequence of the hemilami-
nectomy). The left pedicle of C3 showed a fo-
cal and poorly demarcated osteoproliferative 
lesion. 
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Figure 1-4. Vertebra, cat. One section of ver-
tebra and spinal cord are submitted for ex-
amination. Part of the vertebral arch is miss-
ing as a result of hemilaminectory. There is 
loss of marrow within the remaining verte-
bral arch.  (HE, 3X) 

This condition is rare but is well described in 

the literature with 12 documented 

cases.4,5,7,10,11,13-16 Affected cats are typically 

young and less than 2 years old except for a 

3.5 years old cat.4,5,7,10,11,13-16 No sex or breed 

predisposition have been reported. Animals 

present with a history, usually over 1 month, 

of chronic pain, lethargy, reluctance to walk, 

or progressive paraparesis.4,5,7,10,11,13-16 Most 

lesions are localized to the thoracic vertebrae 

but lumbar lesions have been de-

scribed.4,5,7,10,11,14-16 They tend to originate 

from the vertebral arch, pedicle, or body and 

seem to spare the spinous process.7 Occasion-

ally, they can involve multiple vertebrae, but 

no associated systemic vascular lesion has 

been observed.5,13 It is considered benign but 

can be locally aggressive.4,7,10,15 Our case is 

original because it is the first report to our 

knowledge of cervical involvement. The clin-

ical signs are likely caused by the spinal cord 

compression resulting from the expansion of 

angiomatosis into the spinal canal.  

The diagnosis is first approached by imaging, 

mostly post-myelographic CT scan or MRI, 

in order to localize the lesion and evaluate the 

associated spinal cord compression. 

4,5,7,10,11,13-16 The differential diagnoses in-

clude vertebral new bone formation due to an 

old trauma, disc extrusion, bone abscess, 

granuloma, ancient hematoma or migrating 

foreign body.15 Neoplasia is less likely con-

sidering the young age of the affected ani-

mals, but lymphoma (especially in FeLV pos-

itive cats) or osteosarcoma should be consid-

ered.7,15  

The therapeutic approach is always surgical 

with a dual goal: 1) removing the spinal cord 

compression and 2) making biopsies for his-

topathological diagnosis.4,5,7,10,11,13-16 Cyto-

logic imprints can be done during the surgery 

but are of poor diagnostical value.13,15 Adju-

vant radiotherapy can be considered because 

of the potentially locally aggressive nature of 

the lesion and also because of the difficulty 

of complete resection in this area.7,11 Out-

comes are variable. Some animals receiving 

surgery with or without radiotherapy are re-

ported as free of disease over the following 

months or years.5,7,10 However, the surgery is 

not without risk, and relapse is also re-

ported.4,15  

The pathogenesis of feline vertebral angi-

omatosis is still unclear. Because of the oc-

currence in young cats and the absence of an 

associated inflammatory or infectious pro-

cess, developmental anomaly is currently 

considered most likely.7,10,11,16  

Histopathological features are consistent 

among all cases and are characterized by a 

proliferation of rather well-differentiated ca-

pillaries, arterioles, and occasionally venules, 

into a loose and myxoid connective tissue 

with invasion of the spinal canal and the bone 

marrow, as well as bone remodeling and new 

bone formation.4,5,7,10,11,13-16  
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Other type of angiomatosis have been re-

ported in the cat, affecting the skin,cerebrum, 

meninges, and lungs.1-3,8,9 

 

Contributing Institution:  

Unité d’Histologie et d’Anatomie patholo-

gique 

BioPôle Alfort, Département des Sciences 

Biologiques et Pharmaceutiques 

Ecole Nationale vétérinaire d’Alfort (EnvA) 

https://www.vet-alfort.fr/  

 

JPC Diagnoses: 

1. Vertebra, pedicle and body, hemi-lami-

nectomy site: Angiomatosis, focally ex-

tensive, marked, with reactive osteolysis 

and osteoproliferation (bone modeling). 

2. Cervical spinal cord, gray and white mat-

ter: Myelomalacia, diffuse, severe, with 

hemorrhage and axonal degeneration. 

 

JPC Comment:   

The contributor provides an excellent over-

view of this enigmatic condition that, until re-

cently, had only been reported in young cats.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Earlier this year, however, vertebral angi-

omatosis was reported in a three year old fe-

male intact Cavalier King Charles Spaniel 

who presented for ataxia and paraparesis.6 

CT revealed osteolysis of the vertebral body 

and pedicles of T5 with compressive extradu-

ral material within the spinal canal.The dog 

was treated surgically with a dorsal hemila-

minectomy and histopathologic samples col-

lected intraoperatively were consistent with 

vertebral angiomatosis.6 

 

Vertebral angiomatosis is one member of a 

cohort of non-neoplastic vascular malfor-

mations beset by confusing terminology, 

overlapping histologic features, and uncer-

tain pathogeneses. Angiomatosis (also 

known as hemangiomatosis) has two micro-

scopic patterns: either a mixture of blood ves-

sel types, some of which can be cavernous, or 

a predominance of capillaries. Lobules of 

mature adipose tissue characteristically ac-

company the vascular elements.12  

 

 

Figure 1-5. Vertebra, cat.  Marrow speces are devoid of marrow and contain plexiform proliferations 
of tortuous capillaries. (HE, 90X) 
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Figure 1-6. Vertebra, cat.  Arterioles (left) 
within areas of vascular proliferation have 
asymmetric fibrosis of the smooth muscle 
wall and adventitia. (HE, 90x) 

 

In addition to the vertebral angiomatosis so 

nicely discussed by the contributor, angioma-

tosis has been identified within the skin and 

subcutis of cats and dogs and in the skin of 

cattle. Calves have a reported generalized 

pattern of angiomatosis in which the heart, 

lungs, kidneys, and an assortment of other or-

gans are involved.12 There is a single case re-

port of cerebral angiomatosis in a young cat 

presenting with generalized seizures, the 

clinical manifestation of bilateral nests of dif-

ferentiated capillaries within the cerebral 

gray matter.12  

 

Human and veterinary medicine is rich with 

various other hamartomatous vascular condi-

tions, including meningoangiomatosis, angi-

oma, and arteriovenous malformations, the 

parsing of which requires equal measures of 

stamina and will. An excellent 2021 compar-

ative review of proliferative vascular disor-

ders in the central nervous system is a helpful 

reference for those attempting to understand 

the nuances of these difficult diagnoses.12 

 

Our moderator this week was Dr. Julie 

Engiles, Professor of Pathology at the Uni-

versity of Pennsylvania School of Veterinary 

Medicine. Dr. Engiles began discussion of 

this case with a review of vertebral anatomy 

and by noting the important structures, such 

as the vertebral artery, that can be used as ori-

entation landmarks on this challenging slide. 

Dr. Engiles also stressed the importance of a 

collaborative approach among pathologists, 

radiologists, and clinicians in cases like this, 

where locating and appropriately sampling 

the lesion would be difficult without the in-

sight provided by other members of the med-

ical team. In this case, the lesions presented 

radiographically with an aggressive, moth-

eaten appearance which provides helpful 

context for the relatively bland histologic ap-

pearance of the proliferative cells. 

 

Immunohistochemically, the vascular mark-

ers Factor VIII and ERG helped to visualize 

the disorganized proliferation of vascular el-

ements, while smooth muscle actin high-

lighted the smooth muscle in the proliferating 

vessel walls. Dr. Engiles noted that the pro-

liferation of multiple cell types, including en-

dothelial smooth muscle myocytes, and peri-

cytes, supports the nonneoplastic classifica-

tion of this entity, as neoplasia is typically 

characterized by the aberrant proliferation of 

a single cell type. The moderator noted that 

this lesion is sometimes called a hamartoma, 

which seems to connote an indolent, static 

process at odds with the typically prolifera-

tive and infiltrative behavior of these lesions. 

For this reason, the moderator prefers the 

more dynamic term angiomatosis. 

 

 
Figure 1-7. Spinal cord, cat. There is marked 
congestion and hemorrhage of vessels within 
the spinal cord.  There is diffuse malacia of 
the gray and white matter with numerous 
spheroids. (HE, 169X) 
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Conference participants discussed the abun-

dant ancillary changes in section, such as the  

polyphasic atrophy, degeneration, and regen-

eration present in the surrounding skeletal 

muscle. The history of hemilaminectomy at 

the site complicated analysis of these 

changes, making it difficult to determine 

which changes were due to surgical manipu-

lation and which were caused by the pressure 

of the expansile vertebral angiomatosis. 

 

Participants felt that the bone changes caused 

by the vertebral angiomatosis were signifi-

cant and should be mentioned in the morpho-

logic diagnosis. Participants also felt the mor-

phologic diagnosis should acknowledge the 

hemilaminectomy that is an obvious feature 

of the section. Both were ultimately included 

in the morphologic diagnosis for this fasci-

nating entity. 

 

References: 

1. Baron CP, Puntel FC, Fukushima FB, da 

Cunha O. Progressive cutaneous angi-

omatosis in the metatarsal region of a cat. 

J Am Vet Med Assoc. 

2020;256(2):226‑229.  

2. Bulman-Felming J, Gibson T, Kruth S. 

Invasive cutaneous angiomatosis and 

thrombocytopenia in a cat. J Am Vet Med 

Assoc. 2009;234(3):381‑384.  

3. Corbett M, Kopec B, Kent M, Rissi DR. 

Encephalic meningioangiomatosis in a 

cat. J Vet Diagn Invest. 2022;34(5): 

889‑893.  

4. Belluzzi E, Caraty J, Vincken G, Esmens 

MC, Bongartz A. Vertebral angiomatosis 

recurrence in a 14‐month‐old Maine 

Coon cat. Vet Rec Case Rep. 

2018;6(4):11-13. 

5. Frizzi M, Ottolini N, Spigolon C, Berto-

lini G. Feline vertebral angiomatosis: two 

cases. J Feline Med Surg Open Rep. 

2017;3(2): 205511691774412.  

6. Gagliardo T, Pagano TB, Lo Piparo S, et 

al. Vertebral angiomatosis in a dog. J Am 

Anim Hosp Assoc. 2024;60(1):36-39. 

7. Hans E, Dudley R, Watson A, et al. Long-

term outcome following surgical and ra-

diation treatment of vertebral angiomato-

sis in a cat. J Am Vet Med Assoc.  

2018;253 (12):1604-1609. 

8. Jenkins T, Jennings R. Pulmonary capil-

lary hemangiomatosis and hypertrophic 

cardiomyopathy in a Persian cat. J Vet 

Diagn Invest. 2017;29(6): 900‑903.  

9. Kipar A, Hetzel U, Armien A, Baumgart-

ner W. Bilateral focal cerebral angioma-

tosis associated with nervous signs in a 

cat. Vet Pathol. 2001;38(3):350‑353.  

10. Kloc PA, Scrivani PV, Barr SC, et al. 

Vertebral angiomatosis in a cat. Vet Ra-

diol Ultrasound. 2001;42(1):42‑45.  

11. Leonardi H, Poirier V, Iverson M, Sama-

rani F. Successful long-term outcome 

with radiation and prednisolone follow-

ing a postoperative feline vertebral angi-

omatosis relapse. JFMS Open Rep. 

2023;9(1): 205511692311550.  

12. Marr J, Miranda IC, Millder AD, Sum-

mers BA. A review of proliferative vas-

cular disorders of the central nervous sys-

tem of animals. Vet Pathol. 

2021;58(5):864-880. 

13. Meléndez-Lazo A, Ros C, de la Fuente C, 

Anor S, Fernandez-Flores F, Pastor F. 

What is your diagnosis? Vertebral mass 

in a cat. Vet Clin Pathol. 2017;46(1):185‑ 

186.  

14. Ricco C, Bouvy B, Gomes E, Cauzinille 

L. Lumbar vertebral angiomatosis in a 

cat: a clinical case. Revue Med Vet. 

2015;166 (11): 332‑335. 

15. Schur D, Rademacher N, Vasanjee S, 

McLaughlin L, Gaschen L. Spinal cord 

compression in a cat due to vertebral an-

giomatosis. J Feline Med Surg. 

2010;12(2): 179‑182.  

16. Wells M, Weisbrode S. Vascular Malfor-

mations in the Thoracic Vertebrae of 



474 
 

Three Cats. Vet Pathol. 1987;24(4): 

360‑361.  

 

 

CASE II:  

 

Signalment:  

Juvenile female sandhill crane (Antigone 

canadensis). 

 

History:  

The animal was presented to a local wildlife 

center with a cup attached to its beak. On in-

itial exam, the submitting veterinarian noted 

emaciation, dehydration, and indentation on 

the beak as well as swelling of the right hock 

and left tibiotarsus, with no obvious abnor-

malities on radiographs. The bird was moved 

to an outside rehabilitation space 1 day after 

presentation and was eating and gaining 

weight reliably. The animal was found de-

ceased a few weeks later. 

 

Gross Pathology:  

The animal weighs 2.2 kg and is in thin phys-

ical condition as evidenced by atrophied pec-

toral musculature and adipose tissue. There is 

a concentric deep indentation midway along 

the length of the beak. Overlying the right an-

kle are multiple firm, occasionally ulcerated 

nodules that are 2 to 5 mm in diameter. When 

sectioned the nodules are pale blue or tan, 

firm, and translucent with a botryoid appear-

ance. Dissection of the joint shows many 

similar nodules firmly attached to the dermis, 

soft tissues, ligaments, and tendons. The con-

dyle of the tibiotarsus has a fracture with pit-

ting and marked proliferation of white firm 

nodules in the defect and epicondyle. 

 

There is a focal, firm, nodular swelling over-

lying the distal left tibiotarsus that measures 

1.8 cm x 0.8 cm. When sectioned, the nodule 

is tan and translucent. Relative to the right 

pectoral muscle, there is moderate wasting of 

the left pectoral musculature. 

 
Figure 2-1. Tibiotarsal joint, sandhill crane. 
The joint is dissected. At lower left is the tib-
iotarsal joint, at top is the gastrocnemius ten-
don and sheath, and at right is the overlying 
skin. At subgross magnification, there are 
nodules of proliferating cartilage within the 
joint space, tendon sheath, and overlying 
dermis. (HE, 4X) 

 

Within the mid-trachea at the level of the re-

flexive curvature are multiple intraluminal 

trematodes. The organisms are 1.4 cm long, 

flat and fusiform with a bulbous anterior end; 

they are white with bilateral dark brown lin-

ear striations. Within the affected area, the 

tracheal mucosa is red and slightly thickened.  

 

There are no significant gross abnormalities 

in the tongue, esophagus, lungs, heart, liver, 

spleen, pancreas, kidneys, proventriculus, 

ventriculus, small intestine, large intestine, or 

brain. The spinal cord is not examined in this 

case. 

  

Microscopic Description: 

Ankle joint: The bone profile is irregular due 

to many cartilage nodules that arise from the 

synovium of the joint spaces (synovium) and 

tendon sheaths (tenosynovium). Nodules 

contain many evenly spaced chondrocytes in 

hyaline pale blue matrix; they have moderate 

finely vacuolated pale purple cytoplasm and 

large round nuclei with peripheralized chro-

matin and 1-3 nucleoli. Anisocytosis and an-

isokaryosis are marked. Mitoses are not evi-

dent. Binucleate cells are occasionally evi-

dent, and a trinucleate cell was seen. Many of  
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the chondrocytes are pyknotic or karyolytic 

with pink cytoplasm (necrosis); such cells are 

dispersed between viable cells or predomi-

nate in the center of nodules where there is 

fragmentation of matrix and rarefaction of 

tissue. In larger nodules, the central chondro-

cytes cluster with intervening areas of acellu-

lar matrix. The synovium is thin and often ne-

crotic when stretched over the nodules, with 

small thrombi in the associated vessels.  In 

other areas the subintima is thickened by 

large mesenchymal cells embedded in mucin-

ous matrix and variable numbers of lympho-

cytes, plasma cells, and heterophils. Scant fi-

brin and karyorrhectic cells are present in the 

joint spaces. The bone surfaces have mild re-

modeling, there is marked serous atrophy of 

marrow fat, and skeletal myocytes are atro-

phied. 

 

The skin bulges and is ulcerated due to sev-

eral cartilage nodules in the subcutis, dermis, 

and epidermis. Synovium surrounds the in-

tradermal nodules and merges with the in-

flamed and fibrotic dermis. Intraepidermal 

nodules are demarcated from the dermis by  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

many heterophils; their cartilage matrix is 

pale blue to pink, and cells are pyknotic along 

the subcorneal surface. The epidermis over-

lying the intraepidermal nodules is necrotic 

and the surrounding epidermis is hyperplastic 

(acanthosis, increased mitoses). The stroma 

around and deep to the intraepidermal nod-

ules is expanded by many red cells, hetero-

phils, and compact collagen that has many 

fine karyorrhectic fragments, as well as small 

thrombosed vessels. 

 

Contributor’s Morphologic Diagnoses: 

1. Tibiotarsus: Moderate chronic hetero-

philic synovitis with synovial and teno-

synovial chondromatosis 

2. Skin: Multifocal chondromatosis with ep-

idermal hyperplasia and necrosis, hetero-

philic dermatitis, and transepithelial elim-

ination 

 

Contributor’s Comment:  

Synovial chondromatosis (also known as 

synovial chondrometaplasia) is an uncom-

mon non-neoplastic process characterized by 

the formation of multiple cartilage nodules in 

synovial tissues of a joint, tendon sheath, or  

Figure 2-2. Tibiotarsal joint, sandhill crane. Arising from the joint capsule and lining the proximal 
tibia are nodules of cartilage measuring about 8mm in diameter. (HE, 23X) 
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bursa. When the majority of these nodules 

undergo endochondral ossification, the term 

osteochondromatosis is used.2,3,7 Reports in 

animals have mostly been in dogs1,7,8,10,14 and 

raptors11,15,18 but horses and pigs can also be 

affected.6,13 It should be noted that oste-

ochondromatosis of cats is different in its bi-

ological behavior, distribution, and possible 

etiology, and thus should not be combined 

when discussing the disease entity in other 

species.3  

Males predominate in reports from both dogs 

and humans, while the few reports in raptors 

have increased numbers of females.3,11,15,18 In 

dogs most reports are from large and giant 

purebreds from 7 months to 11 years old. The 

shoulder joint is most often affected, alt-

hough cases have also been observed in the 

stifle, elbow, hock, and digits.2,3 Clinical 

signs include chronic progressive lameness 

with swelling of the joint.1,7,8,10 

 

In raptors, the majority of cases are reported 

bilaterally in the scapulohumeral joints of  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

great horned owls (Bubo virginianus), with or 

without osteoarthritic change. Fewer cases of 

chondromatosis in the stifle joints have been 

reported.11,15,18 Birds often present in poor 

nutritional condition due to severe mobility 

restriction. This case is the first report of 

chondromatosis in the Gruiformes group and 

affecting the ankle joints.  

 

Two forms of synovial chondromatosis (pri-

mary and secondary) have been described. 

Primary (idiopathic) chondromatosis occurs 

spontaneously within the synovium of a sin-

gle, otherwise unremarkable joint; it is rare in 

humans and animals. Grossly, primary syno-

vial chondromatosis presents with more nod-

ules than secondary chondromatosis.3 The 

pathogenesis of primary synovial chondro-

matosis is unknown, and it is thought to be an 

idiopathic nodular cartilaginous metaplasia 

of the synovium. Secondary chondromatosis 

is thought to be a reaction to a traumatic, de-

generative, or inflammatory joint disease. 

Speculatively, the etiology in raptors is 

thought to be a chronic inflammatory process 

due to joint strain.15 In older horses and dogs,  

Figure 2-3. Tibiotarsal joint, sandhill crane. Proliferating mesenchymal cells within the tibial marrow 
space are giving rise to cartilage. (HE, 91X) 
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it is usually an incidental finding at necropsy, 

while in raptors it is often associated with the 

demise of the individual due to an inability to 

fly.3,15 Nodules are reported to be less numer-

ous and mixed with other forms of synovial 

proliferation and metaplasia. Erosive changes 

in the articular cartilage are often more 

marked than the degree of synovial prolifera-

tion.3 In this case, the bilateral occurrence in 

the ankles, presence of synovitis, and fracture 

of the tibiotarsus indicates secondary syno-

vial chondromatosis.  

 

Classically, gross lesions are described as 

multiple firm or hard white nodules embed-

ded in the synovium and periarticular con-

nective tissues, with variably intact articular 

cartilage.2,3,14 The nodules consist of islands 

of highly cellular hyaline cartilage covered 

by a layer of synoviocytes or fibrous tissue 

attached to or continuous with the synovial 

lining of joints or bursae. Chondrocytes may 

be haphazardly clustered, large, and some-

times binucleate. In this case, trinucleate 

chondrocytes were rarely evident. Areas of 

fibrocartilage, central necrosis, or  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

endochondral ossification with medullary 

hematopoiesis may also be present. In some 

cases proliferative plasmacytic synovitis is 

reported.3,17 Nodules may detach from the 

synovium and float freely in the joint. In 

these cases, they are termed “loose bodies” 

and may undergo ischemic necrosis.2,12 Ex-

tra-articular chondromatosis has been rarely 

reported; in this case chondrometaplasia was 

evident in a tendon sheath.7  

 

Under certain circumstances, nondermal ele-

ments enter the epidermis and are eliminated 

to the outside, a process termed ‘transepithe-

lial elimination’ (TE).12 Four subdivisions of 

TE are described, two of which involve large 

portions of tissue, as in our case (subdivisions 

3 and 4). As migrating tissues compress the 

epidermis from below, epithelial damage oc-

curs with necrosis and ulceration, and possi-

ble sloughing.12 Transepithelial elimination, 

to the authors’ knowledge, has not been re-

ported in association with synovial chondro-

matosis or in the class Aves. In this case, TE 

probably occurs as a result of the pressures 

exerted on the nodules by the relatively  

Figure 2-4. Tibiotarsal joint, sandhill crane. Nodules of cartilage arise within the tendon sheath (at 
left) and extend into the tendon sheath lumen (center).  (HE, 39X) 
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immobile and non-distensible skin of the an-

kle in birds. This area may also have in-

creased susceptibility to ulceration versus a 

more protected scapulohumeral lesion, which 

is more often seen in birds with chondroma-

tosis.  

 

Differential diagnoses for synovial chondro-

matosis include chondroma and chondrosar-

coma. Chondroma is a benign neoplasm of 

cartilage that has been occasionally reported 

in multiple veterinary species. Histologically, 

chondromas may have similar irregular lob-

ules of hyaline cartilage, which may also 

have foci of endochondral ossification and 

mineralization. In fact, some report that pri-

mary chondromatosis may be a multifocal 

form of a chondroma.5,6 An important differ-

ential diagnosis is synovial chondrosarcoma. 

Malignant transformation of synovial chon-

dromatosis to chondrosarcoma is rarely re-

ported in dogs.1,7 Features that suggest chon-

drosarcoma are bone invasion and replace-

ment of the chondrocyte cluster pattern with 

a more random distribution of cells.1,3,7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contributing Institution:  

Veterinary Diagnostic Laboratory 

University of Illinois at Urbana-Champaign 

Urbana, IL 

https://vdl.vetmed.illinois.edu/ 

 

JPC Diagnosis: 

Joint capsule, tendon sheath, and overlying 

skin: Chondromatosis, nodular, multifocal, 

severe, with intra-osseous extension, transep-

idermal elimination, and chronic tenosynovi-

tis and dermatitis. 

 

JPC Comment:  

The contributor provides an excellent sum-

mary of synovial chondromatosis (SC) as this 

photogenic entity presents in dogs, birds, 

pigs, and horses. Cats, however, long known 

for their flair for the idiosyncratic, have a 

similar sounding but distinct condition, feline 

osteochondromatosis, which is distinct from 

the synovial chondromatosis discussed above 

and from osteochondromatosis in other ani-

mals.16 In horses, dogs, pigs, and humans, os-

teochondromatosis demonstrates an autoso-

mal dominant inheritance pattern and 

Figure 2-5. Tibiotarsal joint, sandhill crane. Nodules of cartilage are present within the dermis and 
extend to the epidermis (transepidermal elimination). (HE, 39X) 
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typically occurs in young animals only dur-

ing the period of active bone growth.16 The 

cartilage-capped tumors that arise from bone 

surfaces give the condition its name and tu-

mor growth arrests once growth plates 

close.16  

 

In contrast, feline osteochondromatosis usu-

ally presents in adult cats (most commonly 2-

4 years old) long after skeletal maturity is 

achieved. The condition presents with no 

breed or sex predisposition and does not ap-

pear to be inherited. The disease affects the 

axial skeleton and, in a sad departure from the 

tumor arrest seen in other animals, tumors 

show progressive growth and can undergo 

malignant transformation to osteosarcoma or 

chondrosarcoma.16 

 

Interestingly, feline osteochondromatosis is 

usually diagnosed in cats concurrently in-

fected with feline leukemia virus (FeLV), 

leading to speculation that FeLV infected fi-

broblasts account for the special pathogenesis 

and distinct clinical behavior of osteochon-

dromatosis in cats relative to other species.9,16 

FeLV particles have been visualized within 

feline osteochondromatous tissue via elec-

tron microscopy and via in situ hybridization; 

however, a direct pathogenetic link between 

FeLV infection and the condition has not 

been conclusively established, and oste-

ochondromatosis has been reported in FeLV-

negative cats.9,16  

 

In humans, dogs, and a few cats, osteochon-

dromatosis has been associated with prema-

ture stop codon-producing frameshift muta-

tions in the exostosin glycosyltransferase 1 

and 2 genes (EXT1 and EXT2, respectively), 

whose protein products form an enzyme 

complex that modifies heparan sulfate 

chains.4 It is thought that heparan sulfate 

chain dysfunction can scramble chondrocyte 

differentiation or proliferation pathways, fi-

broblastic growth factors, bone morphogenic 

proteins, and Wnt signalling pathways, all of 

which could account for the lesions of oste-

ochondromatosis.4 These theoretical patho-

geneses have not been proven in human or in 

veterinary medicine, and in all species tested, 

EXT1 and EXT2 mutations are absent in an 

significant subset of osteochonromatosis 

cases.4 

 

One such recent case report detailed the radi-

ographic and pathologic findings of feline os-

teochondromatosis in an aged, 12-year-old 

Russian Blue, FeLV-negative cat with a 

years-long history of progressive forelimb 

lameness.9 Radiographs revealed bilateral, 

calcified proliferative lesions of the elbow 

joints and multiple vertebral bodies and ribs. 

Grossly, the elbow joints were completely 

ankylosed by large, round masses containing 

white material that replaced normal tissue ar-

chitecture; the affected vertebrae and ribs 

contained similar lesions.9 Testing for EXT1 

and EXT2 mutations and FeLV infection 

were all negative, confirming that this condi-

tion can arise spontaneously in aged cats.9 

 

Back in the joints of the sandhill crane, the 

moderator noted that this, along with verte-

bral angiomatosis, was yet another entity 

with bland looking cells that nevertheless 

have no business being where they are. Con-

ference participants noted the lack of aniso-

cytosis, anisokaryosis, and mitotic figures, all 

of which point toward a benign process; how-

ever, the intra-osseous nodule of cartilage, 

which should not be present in a pure case of 

synovial chondromatosis, raised the spectre 

of chondrosarcoma for some participants. 

Participants ultimately decided that the bland 

histologic appearance of the cells likely a pre-

cluded chondromsarcoma diagnosis, but the 

phrase “with intra-osseous extension” was 

added to the morphologic diagnosis to cap-

ture this unusual feature. 
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CASE III:  

Signalment:       

4-year-old male African pygmy hedgehog 

(Atelerix albiventris).  

History:  

This hedgehog presented to the teaching hos-

pital for severe dental disease. A  
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Figure 3-1. Lymph node and jaw, hedgehog. 
One section of mandibular lymph node and 
two sections of jaw are submitted for exami-
nation.  At this magnification, 75% of the 
nodal architecture is effaced by an inflamma-
tory infiltrate. (HE, 5X) 

 

submandibular mass was noted during exam-

ination. Under anesthesia for a dental proce-

dure, the animal decompensated, developing 

cyanosis. The patient showed clinical im-

provement when naloxone was administered 

and had a prolonged recovery from anesthe-

sia. The patient was mobile and eating fol-

lowing recovery, but acutely decompensated 

1.5 hours later. Resuscitation was attempted 

but was unsuccessful.  

 

Gross Pathology:  

The hedgehog was in good body condition. 

There was slight deviation of the muzzle to 

the right. Only one tooth (the lower right first 

incisor) remained in the dental arcade and 

was easily removed with traction. Both man-

dibles were mildly thickened and slightly ir-

regular with smooth undulations noted in the 

gingiva.  

Mild hemorrhage was present near the right 

submandibular salivary gland and a 0.5 cm 

pale nodule (presumed enlarged lymph node) 

was associated with the gland. Dark pink dis-

coloration and consolidation of the lung was 

present bilaterally and scattered, small (1 

mm) white foci were noted in the affected re-

gions. The heart weighed 1.8 g (0.56% of the 

total body weight).   

 

Laboratory Results: 

Light growth of Neisseria animaloris was 

isolated from the right submandibular lymph 

node (aerobic culture; species identified us-

ing MALDI-TOF). No microbial growth was 

isolated from this organ on anaerobic culture.  

 

Microscopic Description:  

Submandibular lymph node: Large coalesc-

ing regions of pallor obscure the normal ar-

chitecture of the enlarged lymph node. Areas 

of pallor consist of multifocal to coalescing 

nodular aggregates of mostly neutrophils 

with fewer epithelioid macrophages, lympho-

cytes, plasma cells, eosinophils, and multinu-

cleated giant cells. At the center of the infil-

trates are frequent deposits of basophilic bod-

ies occasionally with peripheralized eosino-

philic acellular material (Splendore-Hoeppli 

reaction). Small, non-filamentous, coccoid 

Gram-negative bacteria are identified at the 

center of these deposits using a Gram stain. 

At the periphery of the cell aggregates, there 

are thin concentric bands of connective tissue 

and moderate eosinophilic infiltrates. A few 

small scattered secondary lymphoid follicles 

are separated by sheet like infiltrates of 

plasma cells. 

  

 
Figure 3-2.  Lymph node, hedgehog. Nodal ar-
chitecture is effaced by numerous poorly de-
marcated pyogranulomas. (HE, 111X) 
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Jaw: There are multifocal to coalescing re-

gions of increased cellularity and loss of tra-

becular bone within the mandible. Cellular 

infiltrates consist of nodular aggregates of 

mostly neutrophils with fewer epithelioid 

macrophages, lymphocytes, plasma cells, and 

rare eosinophils and multinucleated giant 

cells. At the center of the infiltrates are rare 

radiating deposits of basophilic material with 

peripheralized eosinophilic acellular material 

(Splendore-Hoeppli reaction). At the periph-

ery of the cell aggregates, there are thin con-

centric bands of connective tissue, plasma 

cell infiltrates, and focal hemorrhage. Re-

modeling of the surrounding bone with new 

woven bone formation is evident. The gingi-

val mucosal epithelium is hyperplastic, 

eroded, and infiltrated by neutrophils and 

fewer eosinophils.  

 

Contributor’s Morphologic Diagnoses:  

1. Submandibular lymph node: Lymphade-

nitis, pyogranulomatous, multifocal to 

coalescing, chronic, severe, with intrale-

sional Gram-negative bacteria and Splen-

dore-Hoeppli reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Jaw: Osteomyelitis, pyogranulomatous, 

multifocal to coalescing, chronic, severe, 

with intralesional bacteria and Splendore-

Hoeppli reaction.  

 

Contributor’s Comment:  

This hedgehog had a history of significant 

dental disease resulting in loss/removal of 

most of the teeth. Dental diseases, including 

gingivitis, periodontitis, tooth fracture, tooth 

loss, excess dental wear, dental abscesses, 

and even oral osteomyelitis are common in 

this species.1,6 Mandibular osteomyelitis was 

marked and was accompanied by a similar re-

action in the draining lymph node and in the 

lung (not included in the submission). Splen-

dore-Hoeppli phenomenon was evident 

within the lesions. This nonspecific reaction 

is thought to reflect the deposition of antigen-

antibody complexes and inflammatory cell 

products/debris, and occurs around clusters 

of microorganisms, such as bacteria and 

fungi, or biologically inert substances.5 Gen-

era of bacteria that are commonly associated 

with this reaction include Actinomyces,  

 

Figure 3-3. Lymph node, hedgehog. Pyogranulomas are centered on colonies of cocci enmeshed in 
Splendore-Hoeppli material. (HE, 337X) 
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Figure 3-4.  Mandible, hedgehog.  There are 
similar pyogranulomas within the medullary 
cavity of the mandible. (HE, 18X) 

 

Nocardia, Staphylococcus, Streptococcus, 

Proteus, Pseudomonas, and Escherichia 

coli.5 

 

Mandibular osteomyelitis is not uncommon 

as a cause of morbidity in pet and wild hedge-

hogs and may occur secondary to periodonti-

tis, but there are few studies confirming the 

etiology of these lesions.6,7,10 In mortality 

studies on European hedgehogs (Erinaceus 

europaeus), mandibular abscesses and botry-

omycosis were detected in 23% of evaluated 

animals but these lesions were reportedly 

confined to the submandibular soft tissues, 

and they were not evaluated microbiologi-

cally.10 

  

The lesion in this hedgehog has a similar ap-

pearance to “lumpy jaw” resulting from Acti-

nomyces bovis infections in cattle, and a sim-

ilar lesion has been described in a captive Af-

rican pygmy hedgehog infected with Actino-

myces naeslundii.7,8 Like the reported case, 

there was involvement of the draining lymph 

node and the lung in this hedgehog. However, 

the bacterium in the submitted case was 

Gram-negative and pure growth of Neisseria 

animaloris was isolated from the lesion.  

 

Neisseria animaloris is a common inhabitant 

of the oral cavity of animals (particularly cats 

and dogs) and may cause systemic infections 

in humans and animals, often as a result of a 

bite wound.2,3,4 These infections can result in 

localized or systemic pyogranulomatous le-

sions which exhibit Splendore-Hoeppli reac-

tion around the Gram-negative diplococci.2,3 

Given the zoonotic potential of this bacte-

rium, it would be interesting to know if this 

organism is part of the normal oral microbi-

ome of the African pygmy hedgehog.3,4 If so, 

this may add to the growing list of known zo-

onotic bacterial pathogens potentially carried 

by captive and wild hedgehogs, which al-

ready includes Leptospira spp., Salmonella 

spp., Mycobacterium spp, methicillin-re-

sistant Staphylococcus aureus, and Strepto-

coccus spp.9  

 

While the oral lesions in this case were con-

sidered significant, cyanosis during anesthe-

sia and the subsequent death of this patient 

was most likely due to heart failure resulting 

from cardiomyopathy.  

 

Contributing Institution:  

Atlantic Veterinary College 

University of Prince Edward Island  

Department of Pathology and Microbiology 

https://www.upei.ca/avc/pathology-and-

microbiology 

 

JPC Diagnoses:  

1. Lymph node: Lymphadenitis, pyogranu-

lomatous, diffuse, marked, with Splen-

dore-Hoeppli material and colonies of 

cocci.  

2. Mandible: Osteomyelitis, pyogranuloma-

tous, diffuse, marked, with pathologic 

fracture, ulcerative and lympho-

plasmacytic gingivitis, Splendore-Hoep-

pli material, and colonies of cocci.  

 

JPC Comment:   

The contributor provides an excellent case of 

mandibular osteomyelitis in an African 

hedgehog which highlights to tendency of 



484 
 

this species to develop pathology in the oral 

cavity. African hedgehogs are short-lived ex-

otic pets with a life expectancy of 4 to 6 years 

and are considered geriatric at 3-5 years of 

age.6 They are particularly prone to neo-

plasia, even in early age, and are susceptible 

to age-related cardiovascular, renal, and per-

iodontal disease.6 

 

Hedghogs are particularly prone to dental 

disease, including gingivitis, dental calculus, 

periodontitis, and tooth loss.6 Periodontal dis-

ease may be preventable with proper diet, 

with dry kibble and raw fruits and vegetables 

thought to promote periodontal health versus 

moist or canned foods.6 Hedgehog oral dis-

ease of any variety may be accompanied by 

florid gingival hyperplasia that can be diffi-

cult to distinguish from neoplasia grossly. 

Clinical signs include reduced food intake or 

changes in food preferences, anorexia, 

weight loss, dysphagia, drooling, hemor-

rhage, and halitosis.6 Gross findings may in-

clude gingival swelling and inflammation, 

loose or missing teeth, swelling of the face, 

and abnormal facial bone positioning.6 

 

Oral squamous cell carcinoma (SCC) is the 

most common tumor of the African hedgehog 

digestive system and is reported to be the 

most common overall hedgehog neoplasia.6 

Oral SCC has been reported in hedgehogs as 

young as 1 year old and as old as 6 years. Di-

agnosis can be difficult without histology as 

the cytologic appearance of oral SCC needle 

aspirates can look very similar to early stage 

periodontal disease, and distinguishing the 

two conditions on cytology alone is often im-

possible.6 Surgical excision of oral tumors, 

including SCC, is often incomplete and oral 

tumors frequently recur; prognosis is there-

fore poor for oral neoplasia, making differen-

tiating between oral neoplasia and periodon-

tal disease, which often responds well to tar-

geted antimicrobial therapy, of prime prog-

nostic importance.6 

 
Figure 3-5.  Mandible, hedgehog.  There is 
marked resorption of medullary and, to a 
lesser extent, cortical bone with pyogranu-
lomatous inflammation. (HE, 57X) 

 

The aged hedgehog in this case read the text-

book, with severe oral and cardiovascular 

disease at the time of death. Conference par-

ticipants noted the large peripheral nerve sur-

rounded by the intense inflammatory milieu 

and spared a thought for what must have been 

an extremely painful condition for this 

hedgie. The moderator encouraged partici-

pants to evaluate bone at the subgross level 

where symmetry is most easily assessed. 

Subgross evaluation in this case reveals an 

extremely unsymmetrical mandible, which is 

an initial indication of bone involvement. The 

moderator also noted that polarization at sub-

gross magnification can reveal which bone is 

well-organized parent bone and which is re-

active. Subgross evaluation also reveals im-

pressive gingival ulceration, which presuma-

bly provided an excellent portal for Neisseria 

animaloris to enter the deeper tissue of the 

oral cavity and provoke the incredible in-

flammatory response captured on this de-

lightful slide.  

 

Conference participants noted the somewhat 

unexpected abundance of eosinophils in the 

inflammatory infiltrate, which some par-

tipants noted was an occasional feature of in-

flammation in hedgehogs. This lead to a brief 

discussion of eosinophilic leukemia, a mye-

logenous leukemia of hedgehogs that appears 

in middle age and carries a grave prognosis. 
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Participants felt that the morphologic diagno-

sis should include elements critical to the 

pathogenesis, which in this case is presumed 

to begin with ulcerative gingivitis, bacterial 

invasion, and pyogranulomatous inflamma-

tion. Participants also interpreted the appear-

ance of the submucosal bone fragments under 

polarized light as pathologic fracture, which 

all thought warranted mention in the morpho-

logic diagnosis.  
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CASE IV:  

Signalment:  

3-month old male Sprague Dawley rat (Rat-

tus norvegicus). 

 

History: 

The mother of this rat was injected with 

valproic acid at 12 days gestation (animal 

model of autism). All of the pups in that litter 

had kinks in their tails. 

 

Gross Pathology:  

A 12 cm amputated tail was submitted in for-

malin. Three centimeters proximal to the tip, 

the tail is bent at an angle of approximately 

270 degrees with a subtler bend 1 cm from 

the tip.   

 

Microscopic Description:  

Examined are three longitudinal sections of 

the tail (skin removed). One section is com-

posed mostly of muscle. In the other sections, 

two normal caudal vertebrae flank a mal-

formed vertebra. In the middle section, the 

linear arrangement of the caudal vertebra is  
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Figure 4-1. Tail, rat. This is a littermate of the 
rat submitted for examination.  The tail has 
two angular deformities. (Photo courtesy of: 
Virginia-Maryland College of Veterinary 
Medicine, https://vetmed.vt.edu/) 

 

distorted by a small, eccentric, round to 

wedge-shaped bone containing a curved phy-

sis with somewhat disordered maturation of 

chondrocytes. The direction of chondrocyte 

maturation is oriented away from the midline 

of the tail. Medial to the physis is a layer of 

woven bone that is thicker at the periphery 

and thinner in the middle (osseous endplate) 

which blends with a layer of cartilage (carti-

laginous end plate). Connecting to the periph-

ery of the osseous endplate are laminar bands 

of collagen and fibroblasts which also con-

nect to the 

adjacent vertebral body osseous endplates 

(annulus fibrosus). The annulus fibrosus also 

connects the osseous endplates of the cranial 

and caudal vertebrae and surrounds two foci 

of chondrocytes, amorphous amphophilic 

material (proteoglycans), and large vacuo-

lated cells (nucleus pulposus cells). These 

two foci are separated by a band of the annu-

lus fibrosus which connects to the center of 

the cartilaginous endplate of the abnormal 

vertebra. The changes in the other section are 

similar, except there are bilateral abnormal 

vertebral segments which are connected to 

one of the adjacent vertebrae by woven bone 

and separated from the other adjacent verte-

bra by a band of annulus fibrosus. The two 

bony segments are separated by a central 

pocket of nucleus pulposus cells and proteo-

glycans. The physis of one of the adjacent 

vertebrae blends with the central nucleus pul-

posus, bisecting the osseous and cartilagi-

nous end plates. 

 

Contributor’s Morphologic Diagnosis:  

Caudal vertebrae: Multifocal vertebral mal-

formations (hemivertebra and butterfly verte-

bra).  

 

Contributor’s Comment:  

The vertebrate tail is made up of between 2 

(Manx cat) and 49 (long-tailed pangolin) cau-

dal (or coccygeal) vertebrae. In tailless ani-

mals, the greatly reduced caudal vertebrae are 

fused to form the coccyx. The cranial-most 

caudal vertebrae have a well-developed ver-

tebral arch with spinous and transverse pro-

cesses. The vertebral canal contains the fil-

ium terminale and a variable number of cau-

dal spinal nerve roots which exit the canal 

through the corresponding intervertebral fo-

ramina.  The vertebrae toward the tip of the 

tail have a much simpler, cylindrical shape. 

 

The intervertebral disc forms a fibrocartilag-

inous joint between adjacent caudal verte-

brae.  The intervertebral disc consists of a 

central nucleus pulposus surrounded by a 

tough annulus fibrosus. The nucleus pulposus 

is composed of water, type II collagen, prote-

oglycans, and nucleus pulposus cells. The 

large, vacuolated nucleus pulposus cells of 

young animals, similar to the notochordal 

cells (physaliferous cells) from which the 

disc is derived, are replaced by smaller, chon-

drocyte-like cells in adults.2  The annulus fi-

brosus is composed of type I collagen and 
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fibrocartilage arranged in laminae that attach 

to the osseous endplates of two adjacent ver-

tebral bodies and provide resistance to tensile 

forces on the spine. The osseous endplate has 

a strong, solid, peripheral epiphyseal rim and 

a central portion made of thin, porous bone.11 

The intervertebral disc is separated from the 

cortical bone of the vertebral endplate by a 

thin layer of hyaline cartilage, type II colla-

gen, and proteoglycans called the cartilagi-

nous endplate.8 The dorsal and ventral 

boundaries of the intervertebral disc are the 

dorsal and ventral longitudinal ligaments. 

   

Tail kinks can be caused by fracture with 

malunion or by congenital malformations.  

Congenital malformations can be further di-

vided into genetic diseases and teratogenic 

effects during development of the vertebral 

column. Genetic tail kinks are common in 

dogs and cats, especially in dog breeds such 

as Bulldogs, Boston Terriers, and Pugs.3 Em-

bryologic development of the vertebral col-

umn begins with segmentation of the paraxial 

mesoderm on each side of the neural tube into 

somites.  Next, each somite is divided into a 

ventral sclerotome, the precursor for the ver-

tebrae, and a dorsal dermomyotome, which 

develops into the skeletal muscle and dermis 

of the back. The ventral sclerotome subunits 

fuse in cranial-caudal pairs as well as across 

the midline to form the vertebral body and the 

vertebral arch which encloses the developing 

spinal cord. Development and chondrifica-

tion of the vertebrae precedes in an cranial to 

caudal direction, while the progression of os-

sification is less orderly.1 

 

Congenital vertebral malformations have 

been classified into either failure of segmen-

tation, where the mesoderm does not properly 

divide into somites, leading to the appearance 

of vertebral fusion, or failure of vertebral for-

mation, where elements of an individual ver-

tebra do not form, leading to abnormally 

shaped vertebrae (wedge, hemi-, or butterfly  

 
Figure 4-2. Tail, rat. Normal caudal vertebrae 
and intervertebral disc. (P = physis; OEP = os-
seous endplate; CEP = cartilaginous endplate; 
AF = annulus fibrosus; NP = nucleus pulposus; 
T = tendon.)   

 

vertebrae).  Either type of deformity can lead 

to scoliosis (lateral deviation of the vertebral 

column) or kyphosis (dorsoventral deviation 

of the vertebral column). These defects have 

been classified based on which part (dorsal, 

lateral, or median) of the developing vertebra 

is deficient and whether the deficiency is 

complete (aplasia; hemivertebra) or incom-

plete (hypoplasia; wedge vertebra).3 A but-

terfly vertebra is caused by failure of the two 

lateral portions of the sclerotome to fuse 

across midline.5 These malformations can be 

further classified as segmented (separated 

from the adjacent vertebrae by intervertebral 

discs), nonsegmented (attached to the adja-

cent vertebrae by bone), or semi-segmented 

(attached to one adjacent vertebra by bone 

and separated from the other by an interver-

tebral disc). A typical vertebra has three cen-

ters of ossification (one in the body and one 

on each side of the arch) and four physes (one 

at each endplate and one on each side where 

the vertebral arch joins the body).1 Since 

most caudal vertebrae lack arches, they have 

just the caudal and cranial physes. Based on 

the single longitudinal sections of this rat’s 

tail, the defects are consistent with a seg-

mented hemivertebra and a butterfly verte-

bra; however, two view radiographs, MRI, or  
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Figure 4-3. Tail, rat. Hemivertebra.  (P = phy-
sis; OEP = osseous endplate; CEP = cartilagi-
nous endplate; AF = annulus fibrosus; NP = 
nucleus pulposus; T = tendon.)   

 

serial sections would be needed to confirm 

the diagnosis. 

 

Valproic acid is a short chain fatty acid used 

to treat epilepsy, migraine, and bipolar disor-

der. Actions of the drug include modulation 

of neurotransmission and epigenetic regula-

tion of gene expression. In humans, prenatal 

exposure to valproic acid has been associated 

with an increased risk of autism spectrum dis-

orders, as well as a variety of congenital mal-

formations.9 Rodents exposed to valproic 

acid in utero are used as an animal model of 

autism.6 

 

Although the exact pathogenesis is not 

known, proposed mechanisms of action for 

valproic acid-induced malformations include 

intracellular acidification, changes in lipid, 

zinc, folate, or retinoid metabolism, and al-

terations in developmental gene expression.9 

 

Contributing Institution: 

Virginia-Maryland College of Veterinary 

Medicine 

Blacksburg, VA 

https://vetmed.vt.edu/  

 

JPC Diagnosis: 

Tail: Vertebral malformation, multisegmen-

tal, with hemi- and butterfly vertebra for-

mation. 

 

JPC Comment:   

As the contributor notes, the development of 

the vertebral column is complex, with the 

vertebral bodies forming from proliferating 

and migrating sclerotomes that surround the 

embryonic notochord.4 This complex process 

is orchestrated via spatially and temporally 

discrete gene expression and cell signaling 

casacades that shape and position each verte-

bra in the proper cranial-caudal orientation.4  

 

Even the most casual of anatomist will notice 

the segmental nature of the vertebrate spine 

and the different vertebral morphologies dis-

played at different levels of the spinal col-

umn. These patterning differences develop 

under the influence of Hox genes, which have 

been extensively studied in mice.7 Research-

ers have painstakingly mapped the Hox genes 

to particular functions, finding, for instance, 

that Hox10 expression deactivates the rib-

forming program in non-thoracic ribs and, 

when expression is experimentally blocked, 

lumbar vertebrae grow ribs.7 In snakes, 

Hox10 genes have lost the ability to block rib 

formation, leading to rib growth down the en-

tire length of the animal.7  

 

Sonic hedgehog (Hh) signaling is another 

critical player in embryonic patterning and 

development. While Hh signaling is broadly 

important in the development of the face, 

skull, limbs, and axial skeleton, in the verte-

bral column, Hh signaling from the noto-

chord is crucial in initial somite formation 

and the development and maintenance of in-

tervertebral discs in development; in post-na-

tal life, when the notochord becomes the nu-

cleus pulposus, Hh signaling is key for the 

maintenance of intervertebral disc integ-

rity.4,10 
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Figure 4-4.  Tail, rat. Butterfly vertebra (C).  (P 
= physis; OEP = osseous endplate; CEP = car-
tilaginous endplate; AF = annulus fibrosus; 
NP = nucleus pulposus; T = tendon.)   

 

These two patterning pathways are just two 

among many, and any missteps in this com-

plex developmental dance produce congeni-

tal defects in the formed vertebra. This case 

nicely demonstrates, and the contributor 

nicely describes, two such morphologic de-

fects, but there are many others. In humans, 

aberrant expression of Hox and/or Hh signal-

ling have been associated with a syndrome 

clunkily named VACTERL, for vertebral 

anomalies (V), anal atresia (A), cardiac mal-

formation (C), tracheoesophageal fistula 

(TE), renal dysplasia (R), and limb abnormal-

ities (L).4 This clinical syndrome is diag-

nosed when a patient has three or more of the 

listed abnormalities, and among the listed de-

fects, vertebral abnormalities are found in up 

to 95% of patients.4 Perhaps a more familiar 

consequence of vertebral developmental de-

fects is spina bifida, a congenital anomaly in 

which the vertebral arch fails to fuse. While 

the underlying pathogeneses have not been 

fully worked out, there is mounting evidence 

that abnormal Hox gene expression is the root 

cause of a number of neural tube defects, 

including anencephaly, spina bifida, hydro-

cephaly, and encephalocele.12 

 

The complications of developmental anat-

omy were well illustrated on the histologic 

slide examined in conference. The moderator 

began by noting that the first location clue in 

this challenging slide is the prominent nu-

cleus pulposus surrounded by the concentric 

rings of the annulus fibrosis. These features 

definitively localize the tissue to the vertebral 

column. In a rat, the nucleus pulposus should 

be a discoid shape and the affected vertebral 

joints in section feature very distorted archi-

tecture, indicating that the lesion is architec-

tural and, therefore, likely developmental. 

The moderator agreed with the contributor 

that the exact nature of the vertebral malfor-

mations would be best assessed via advanced 

imaging, but that hemivertebra and butterfly 

butterfly formation were most likely based on 

the histologic features. 

 

A common thread in this week’s conference 

discussion was the perceived difficulty of 

evaluating bone pathology. In her closing 

thoughts, the moderator challenged that as-

sertion with the view that bone responds to 

injury in a stereotypic manner. The key to un-

derstanding bone pathology, then, is under-

standing how bone behaves normally; once 

one understands how bone develops and how 

it undergoes modeling and remodling in re-

sponse to injury, then the pathology that you 

see can be essentially reverse engineered to 

narrow down the universe of potential patho-

logic insults.  

 

Discussion of the morphologic diagnosis was 

mercifully straightforward with this case. 

Participants preferred to call the distribution 

multisegmental to emphasize that multiple 

vertebrae were affected, but the contributor’s 

diagnosis was otherwise adopted largely in-

tact. 
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WSC 2023-2024 

Conference 23 Self-Assessment 

1. Feline vertebral angiomatosis is considered to be a neoplasm.  True or false? 

a. True 

b. False 

 

2. Lesions of feline vertebral angiomatosis are most commonly seen in which of the fol-

lowing? 

a. Cervical vertebrae 

b. Thoracic vertebrae 

c. Lumbar vertebrae 

d. Caudal vertebrae 

 

3. Synovial chondromatosis is most commonly seen in which of the following raptor 

species? 

a. Bald eagles 

b. Red-tailed hawks 

c. Great horned owls 

d. Peregrine falcons 

 

4. True or false?  Hemivertebrae arise as a lack of segmentation.  

a. True 

b. False 

 

5. True or false?  Neisseria animaloris is a common oral pathogen of the dog and cat. 

a. True 

b. False 
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CASE I:   

 

Signalment:  

28-year-old male American Flamingo (Phoe-

nicopterus ruber).  

 

History:  

This flamingo had a 1-year history of pro-

gressive weight loss and a 10-year history of 

progressive bilateral pododermatitis. Two 

days prior to death, lethargy and separation 

from the flock were noted and the flamingo 

was treated with fluids, Excede, and meloxi-

cam.  

 

Gross Pathology:  

On gross examination, the subcutaneous, 

coelomic, and pericardial fat stores were sig-

nificantly reduced (BCS 2/5). Bilaterally, 

there were round, raised, proliferative nod-

ules measuring 4 cm and 2.5 cm in diameter 

on the right and left metatarsal pads, respec-

tively. There was a small amount of clear to 

white mucoid material in the lumen of the 

glottis. Multifocal, pale gray to brown, flat, 

circular regions measuring 1-5 mm in diame-

ter were present on the tracheal mucosa. 

There were white to orange, speckled, granu-

lar deposits overlying the pericardium at the 

level of the right ventricle. Within the ven-

triculus, there was a 3 mm red, circular, area 

under the koilin membrane. Throughout all 

lobes of the liver, there were regions of mild 

pallor. Both kidneys were markedly enlarged, 

friable, and  

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Feet, flamingo. Flamingo feet, bilat-
eral, January 2013. The plantar aspect of the 
metatarsal pad of each foot is focally expanded 
by round, firm tissue with central ulceration 
(“bumble”). (Photo courtesy of:  The Ohio State 
University College of Veterinary Medicine, De-
partment of Veterinary Biosciences, 
https://vet.osu.edu/biosciences) 

 

mottled orange to yellow. Within the right 

stifle, there was a small amount of white, soft, 

chalky material. 

 

Laboratory Results: 

Severely elevated uric acid and heterophilia 

were present on serum biochemistry panel 

and complete blood count. Computed tomog-

raphy revealed bilaterally enlarged kidneys. 

 

Microscopic Description:  

Kidney: Multifocally and randomly expand-

ing and disrupting the interstitium and replac-

ing tubules are foci of brightly eosinophilic 

cellular and karyorrhectic or pyknotic nuclear 

debris (necrosis) surrounded by a thin rim of  
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Figure 1-2. Flamingo feet, bilateral, April 
2021. The plantar aspect of the metatarsal 
pad of each foot is focally expanded by a 
round to multilobular, firm, mass (“bumble”) 
with central ulceration and accumulation of 
inspissated material in a central ulceration 
with formation of numerous exophytic pro-
jections of tissue with interspersed deep fis-
sures. Compared to Figure 1-1, masses are 
approximately 2-3 times larger. (Photo cour-
tesy of:  The Ohio State University College of 
Veterinary Medicine, Department of Veterinary 
Biosciences, https://vet.osu.edu/biosciences) 

 

lymphocytes, plasma cells, and histiocytes. 

These foci measure approximately 150-250 

µm and occasionally contain clear clefts 

within central areas of necrosis (presumed 

washed-out uric acid crystals). Moderate 

numbers of red blood cells extend throughout 

the adjacent interstitium (hemorrhage). Dif-

fusely and globally, glomerular tufts are ex-

panded by variable amounts of acellular, ho-

mogenous, eosinophilic, glassy material (am-

yloid) that compresses capillaries and distorts 

glomerular architecture. Glomerular tufts are 

hypocellular with occasional karyorrhectic or 

pyknotic nuclear debris (necrosis) and fre-

quently adhere to Bowman’s capsule (syn-

echiae). Tubules exhibit one or more of the 

following changes: swollen epithelium with 

microvacuolated cytoplasm and large, round 

vesiculated nuclei (degeneration); hypereo-

sinophilia with pyknotic nuclei (necrosis); in-

creased basophilia with crowded epithelial 

cells containing hyperchromatic nuclei (re-

generation); round, crystalline, deeply baso-

philic deposits within tubular epithelium 

(mineral); marked ectasia with flattened, at-

tenuated epithelium and intraluminal eosino-

philic to amphophilic proteinaceous fluid or 

droplets. Multifocally, tubular lumina con-

tain sloughed, necrotic epithelial cells ad-

mixed with cellular debris (cellular casts); the 

basement membranes of affected tubules are 

often disrupted (tubulorrhexis). Frequently, 

eosinophilic, homogenous, acellular material 

(amyloid) expands tubular basement mem-

branes and forms broad cuffs around affected 

tubules. Multifocally, the tunica media of re-

nal arteries and arterioles is expanded by 

lightly basophilic to amphophilic amorphous 

material (amyloid). Mild numbers of lym-

phocytes and plasma cells expand the renal 

interstitium.  

 

Great vessels: There are no significant micro-

scopic findings in the great vessels. 

Congo Red and Von Kossa histochemical 

stains: Within glomeruli, tubular basement 

membranes, and walls of renal arteries and 

arterioles, there is congophilic pink-orange 

acellular material that exhibits strong apple-

green birefringence when viewed under po-

larized light. Mineral deposits within renal 

tubules exhibit strong staining for calcium.  

 

Contributor’s Morphologic Diagnosis:  

1. Kidney: Diffuse global glomerular amy-

loidosis with synechiae; moderate to 

marked renal tubular amyloidosis with 

degeneration, necrosis, loss, and regener-

ation with multifocal mineralization; and 

moderate, chronic, multifocal arteriolar 

amyloidosis. 

2. Kidney: Multifocal urate tophi (pre-

sumed) with marked, chronic, multifocal 
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histiocytic and lymphoplasmacytic inter-

stitial nephritis. 

3. Kidney: Moderate to marked multifocal 

tubular ectasia with cellular casts. 
 

Contributor’s Comment: 

This is a case of confirmed systemic amyloi-

dosis and visceral gout in a flamingo. Amy-

loidosis in this case is presumably secondary 

to chronic pododermatitis, as this association 

has been well-documented in flamingos with 

this condition. Amyloidosis, pododermatitis, 

and gout are all reviewed below. 

Amyloidosis: Systemic AA (reactive) amy-

loidosis is an important cause of death in do-

mestic and captive wild birds. AA amyloid is 

derived from serum amyloid A (SAA), an 

acute phase lipoprotein produced by hepato-

cytes. Chronic inflammatory diseases or neo-

plastic conditions can lead to excessive syn-

thesis of SAA and protein misfolding result-

ing in amyloidosis.2,8,11 Several cytokines can 

induce hepatic synthesis of SAA including 

IL-1, IL-6, and TNF-α. SAA typically has an 

immuno-modulatory role in the inhibition of 

fever caused by IL-1β and TNF-α as well as 

the inhibition of platelet aggregation, sup-

pression of thromboxane synthesis, and sero-

tonin release from platelets.8 While an in-

creased pool of precursor protein is necessary 

for the development of amyloidosis, certain 

amino acid substitutions may favor amyloi-

dogenicity and give rise to unstable interme-

diate proteins that can easily reshape into fi-

brils.8  

Two types of amyloidosis have been identi-

fied in birds – AA amyloidosis and cerebral 

Aβ amyloidosis accompanied by cerebral 

amyloid angiopathy. Avian AA amyloidosis 

commonly affects waterfowl, small passerine 

birds, and chickens. Aβ amyloidosis has been 

reported in great spotted woodpeckers and 

eagles but not in flamingos.11 

 

Figure 1-3. Kidney, flamingo. Multiple sec-
tions of kidney and sections of artery (right) 
are submitted for examination.  (HE, 4X) 

AA amyloid deposition occurs most fre-

quently in the liver, spleen, kidneys, and 

small intestine with the proventriculus, large 

intestine, heart, gonads, and endocrine organs 

being less affected.8 While lung, skin, and 

brain are rarely affected, vascular AA amy-

loid deposition has been reported in the cen-

tral and peripheral nervous systems of fla-

mingos.11 

Grossly, affected organs are swollen, pale, 

and have a waxy consistency. The presence 

of amyloid can occasionally be demonstrated 

at the time of necropsy by applying Lugol’s 

iodine to the cut surface and rinsing with sul-

furic acid, rendering amyloid deposits dark 

brown or black. Amyloid accumulation re-

sults in organ dysfunction and may lead to or-

gan rupture due to disruption of tissues by the 

abnormal protein. Affected tissues are typi-

cally friable, and hepatic fractures with sub-

sequent exsanguination are a common cause 

of acute death.1 

Histologically, amyloid is acellular, homoge-

nous, eosinophilic material that commonly 

accumulates in hepatic sinusoids, renal glo-

meruli, perifollicular areas of the spleen, lam-

ina propria of the intestines, and vascular 

walls.1 The histologic diagnosis must be con-

firmed with Congo Red staining where amy-

loid stains peach or pink-orange and exhibits 

green birefringence under polarized light. 

AA amyloid can be confirmed via  
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Figure 1-4. Kidney,  flamingo. Diffusely and 
globally, glomerular tufts are expanded by 
homogenous, acellular, eosinophilic, glassy 
material (amyloid). (HE, 400X) (Photo courtesy 
of:  The Ohio State University College of Veteri-
nary Medicine, Department of Veterinary Bio-
sciences, https://vet.osu.edu/biosciences) 

elimination of Congo Red staining affinity by 

oxidation of tissue sections in potassium per-

manganate. After staining with thioflavine-T, 

amyloid exhibits bright yellow fluorescence.2 

Amino acid sequencing and immunohisto-

chemical techniques utilizing monoclonal 

and polyclonal anti-AA antibodies directed 

against amyloid fibril proteins can aid in the 

identification of amyloid.15 On electron mi-

croscopy, amyloid is characterized by non-

branching 7-10 nm-diameter fibrils. 2 

Experimentally, avian amyloidosis can be in-

duced by repeated inflammatory stimuli, 

such as inoculation with bacterial extracts or 

vaccination with oil-emulsified bacterins. 

Thus, antigenic stimulation with bacteria is 

considered to promote the development of 

avian AA amyloidosis. In addition, recent 

studies have suggested that avian amyloido-

sis is transmissible. Horizontal transmission 

of amyloidosis via ingestion of amyloid-con-

taminated feed or feces is suspected to occur 

among avian species.10 

Chronic inflammation associated with podo-

dermatitis has been linked to systemic 

amyloidosis.10 In this case, systemic amyloi-

dosis is attributed to the patient’s history of 

bilateral pododermatitis. Amyloid deposition 

was confirmed via Congo Red staining in the 

kidney, spleen, and pancreas. Arterial miner-

alization was confirmed in the spleen via Von 

Kossa staining. Despite the multifocal medial 

mineralization noted in small blood vessels, 

there was no evidence of atherosclerosis in 

the great vessels. It is possible that some of 

the gross lesions noted in the heart and GI 

tract at the time of postmortem exam repre-

sent foci of mineralization and/or amyloido-

sis. The grossly described white, chalky ma-

terial in the stifle may be consistent with ar-

ticular gout. However, no joint tissue was 

provided for confirmatory histopathological 

examination.  

Pododermatitis: Pododermatitis (also known 

as bumblefoot) has only been documented in 

captive birds, and influencing factors include 

flooring in water ponds, prolonged periods 

indoors, environmental temperatures, age, 

weight, and potentially dietary zinc availabil-

ity.12,13,14 Foot lesions are classified as in-

flammatory or proliferative with inflamma-

tory lesions being more common in younger 

birds and proliferative lesions more common 

in older birds.1 Gross lesions include individ-

ual to coalescing nodules of thickened and 

hyperkeratotic epidermis with fissures, papil-

larybgrowths, erosions or ulcers overlying 

granulation tissue and inflammation. Early 

lesions include heterophilic dermatitis, hy-

dropic epithelial degeneration, hyperplasia, 

serocellular crust formation, and pustules. 

Chronic lesions feature neovascularization, 

fibrosis, and infiltration by lymphocytes and 

macrophages.  

Secondary bacterial infections with organ-

isms, such as Fusophorum spp. and Staphy-

lococcus aureus are common and can exacer-

bate tissue damage and inflammation.4 Fun-

gal and bacterial agents have not been con-

sistently found and no virus has been isolated  
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Figure 1-5. Kidney, flamingo. Multifocally, 
there is brightly eosinophilic cellular and kar-
yorrhectic or pyknotic nuclear debris expand-
ing and disrupting renal tubules and interstit-
ium surrounded by mild to moderate num-
bers of histiocytes, lymphocytes, and plasma 
cells. These foci occasionally contain clear 
clefts (presumed washed-out uric acid crys-
tals). (HE, 400X) (Photo courtesy of:  The Ohio 
State University College of Veterinary Medi-
cine, Department of Veterinary Biosciences, 
https://vet.osu.edu/biosciences) 

in pododermatitis lesions.12 Poxviral infec-

tion is the major differential for pododerma-

titis lesions. 

Gout: Gout occurs in birds, reptiles, great 

apes, and humans due to the lack of the en-

zyme uricase, which oxidizes uric acid to al-

lantoin. Uric acid in these species is normally 

eliminated through a combination of glomer-

ular filtration, reabsorption, and secretion. 

Urate deposition (gout) usually occurs due to 

impaired excretion by the kidneys or over-

production of uric acid leading to hyperurice-

mia and precipitation of monosodium urate 

crystals (tophi) on visceral and articular sur-

faces. Comparatively, Dalmatian dogs also 

cannot oxidize uric acid to allantoin due to a 

defect in uricase, predisposing them to urate 

urolithiasis. This defect is an inherited auto-

somal recessive trait and linked to a mutation 

in SLC2A9, which encodes for a glucose 

transporter.2,7 

Gout in birds occurs in acute (visceral) and 

chronic (articular) forms, which differ in fre-

quency, age of onset, sex predilection, gross 

and microscopic lesions, pathogenesis and 

causes.3 Lesions may appear grossly as white 

foci, streaks, or sheets on serosal surfaces and 

viscera. Articular forms of gout include 

chalky, white deposits in and around joints. 

Urate crystals are often leached out during 

tissue processing and may be detected as 

remnant, wispy, basophilic, “ghost” crystals. 

Thus, tissues fixed in alcohol rather than for-

malin may improve detection. Histologically, 

fine, radiating acicular clefts may be present 

in the absence of inflammation or associated 

with histiocytic, granulomatous, or mixed in-

flammation. Gout should be distinguished 

from pseudogout, which is composed of non-

urate, calcium pyrophosphate crystals.4 

In birds, acute (visceral) urate deposition is 

more common than chronic (articular) urate 

deposition. Acute urate deposition may occur 

at any age with renal lesions involving white, 

chalky precipitates. Visceral organs includ-

ing liver, myocardium, spleen, and serosal 

surfaces are commonly affected, whereas soft 

tissues around the joints may or may not be 

involved. Microscopically, there is an inflam-

matory reaction around tophi in the kidney 

and viscera with usually no inflammation in 

the synovium. Acute urate deposition is typi-

cally due to renal failure with causes includ-

ing dehydration, nephrotoxicity, ne-

phrotropic infectious agents, vitamin A defi-

ciency, urolithiasis, neoplasia, or immune-

mediated glomerulonephritis.3 Avian astrovi-

ruses have been identified as causes of vis-

ceral gout in the chicken, duckling, and gos-

ling.9 

In contrast, chronic urate deposition typically 

occurs in mature birds with the kidney being 

unaffected. Soft tissues other than synovium 

are rarely involved. Joints of the legs, wing, 

spine, and mandible may be affected. Micro-

scopically, granulomatous inflammation is 
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present in the synovium. Chronic urate depo-

sition is likely due to a metabolic defect in the 

secretion of urates by renal tubules. Causes 

include genetics and a high protein diet.3 

In this case, it is difficult to determine the se-

quence of events. Presumably, the pododer-

matitis and chronic inflammation lead to sys-

temic amyloidosis, which impaired renal 

function. Dehydration and/or impaired excre-

tion of uric acid by the kidneys could have 

resulted in subsequent deposition of urates. 

The presumptive urate tophi in the kidney are 

correlated with the patient’s hyperuricemia 

and bilaterally enlarged kidneys and con-

sistent with acute (visceral) gout. 

 

Contributing Institution:  

The Ohio State University  

College of Veterinary Medicine 

Department of Veterinary Biosciences 

https://vet.osu.edu/biosciences 

 

JPC Diagnosis: 

1. Kidney, glomeruli:  Amyloidosis, seg-

mental to global, diffuse, marked. 

2. Kidney, arteries, and tubular basement 

membranes: Amyloidosis, diffuse, mar-

ked. 

3. Kidney, tubules:  Urate tophi, multiple. 

4. Kidney: Nephritis, interstitial, chronic 

and lymphocytic, diffuse, mild to moder-

ate. 

 

JPC Comment:   

Flamingos and amyloid are a classic combi-

nation, and the blessing continue in this case 

with the addition of visceral gout and a his-

tory of pododermatitis. The contributor does 

an admirable job of summarizing these three 

components of the flamingo party pack.  

 

Pododermatitis, the presumed antigenic stim-

ulus for the systemic amyloidosis in this case, 

has been reported in many birds, including 

raptors, water fowl, penguins, cocaktiels and, 

of course, flamingos.12 Varying degrees of  

 
Figure 1-6. Kidney, flamingo. Renal tubules 
occasionally contain deeply basophilic, crys-
talline material (mineral). (HE, 400X) (Photo 
courtesy of:  The Ohio State University College 
of Veterinary Medicine, Department of Veteri-
nary Biosciences, https://vet.osu.edu/biosci-
ences) 

 

plantar lesions were found in up to 100% of 

captive flamingos in one study, and these le-

sions were the reason for euthanasia or a sec-

ondary finding in 95% of flamingos in an-

other.12 In contrast to classic bumblefoot le-

sions, which consist of nodules with central 

ulceration, flamingo pododermatitis often in-

cludes varying degrees of hyperkeratosis, fis-

sues of varying depth, nodular lesions with or 

without ulceration, and papillomatous 

growths.12 

 

A 2015 study attempted to characterized the 

pododermatitis lesions in a group of 19 fla-

mingos from a zoological collection. Viral 

PCR assays for papillomaviruses and herpes-

viruses were performed and were all negative 

for papillomaviruses; unknown herpesviral 

DNA was detected in samples from three 

birds, but the inconsistent presence of the vi-

rus made this unlikely to be the sole etiologic 

agent. 

 

An intriguing result of this study was the 

identification of Micrococcus-like bacteria 

invading the stratum corneum of juvenile fla-

mingos. The bacteria had zoospores and  
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Figure 1-7. Kidney, flamingo. Congophilic, 
pink-orange, acellular material is present 
within glomeruli, tubular basement mem-
branes, and the walls of renal arteries and ar-
terioles. When viewed under polarized light 
(not shown), this material exhibits apple-
green birefringence (consistent with amy-
loid). (Photo courtesy of:  The Ohio State Uni-
versity College of Veterinary Medicine, Depart-
ment of Veterinary Biosciences, 
https://vet.osu.edu/biosciences) 

 

segmented, branching pseudohyphae that 

were PAS positive and Gram negative.12 In 

addition to the invading bacteria, the epider-

mis was characterized by heterophilic exocy-

tosis, serocellular crust formation, and hy-

dropic degeneration of the keratinocytes, par-

ticularly within the stratum granulosum.12 

The subjacent dermis was characterized by 

accumulations of heterophis and lympho-

cytes, increased vascular profiles, and in-

creased intercellular matrix. Invasion of Mi-

crococcus-like bacteria was present in all ex-

amined juvenile flamingos (except two se-

verely autolyzed carcasses), but the bacteria 

were rare in biopsies taken from adult ani-

mals.12 

 

The bacteria found in the diseased plantar 

skin was isolated, subjected to 16S rRNA se-

quencing, and found to be a novel species 

within the genus Arsenicicoccus, which was 

subsequently named A. dermatophilus.5 The 

Arsenicoccus genus comprises gram-

positive, facultatively anaerobic, catalase-

posivie, non-spore forming bacteria that have 

been isolated both from the environment and 

from animal sources.6   

 

In the 2015 study, histologic lesions were de-

tected in both non-lesional and lesional skin, 

and the authors suggest that the proliferative 

lesions of flamingo pododermatisis are a re-

action to the inflammation caused by A. der-

matophius, which is given a leg up by a skin 

barrier weaked by nutritional deficiencies 

and inappropriate husbandry practices.12 

 

Conference participants were tickled pink 

with this visual feast of a slide. Leading dis-

cussion was this week’s moderator, Dr. Neel 

Aziz, Supervisory Veterinary Medical Direc-

tor and Head of the Diagnostic Pathology 

Unit at the Smithsonian National Zoological 

Park and Conservation Biology Institute. Dr. 

Aziz began by noting that diseases seen in zo-

ological collections differ in kind and sever-

ity than thos seen in the wild, as this case il-

lustrates. As noted by the contributor, podo-

dermatisis is a disease of animal under human 

care; it is not seen in the wild. And this indi-

vidual animal, at 28 years old, is an aged an-

imal that has had time to collect more pathol-

ogy than a typical wild flamingo.  

 

Some conference participants were initially 

confused by the appearance of the amyloid on 

this slide which had a more basophilic hue 

than typica amyloid. Dr. Aziz noted that this 

amyloid can take on a variety of appearance, 

appearing more typically eosinophilic or 

more amphophilic, even within the same ani-

mal.  

 

Dr. Aziz discussed the typical appearance of 

gout, which is characterized by the deposition 

of needle-like monosodium urate crystals that 

typically do not survive processing and leave 

behind only negative, ghost tophi shapes in 

histologic sections. By contrast, the gout  
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Figure 1-8. Kidney,  flamingo. Brown to black 
granular deposits within renal tubules exhibit 
positive staining for calcium. (HE, Von Kossa) 

 

appreciated in this case is consisted of am-

phophilic, amorphous material which the 

moderator speculated might represent an 

early stage lesion. Dr. Aziz noted that the ter-

minology of “visceral” and “articular” should 

be reserved for the reptiles; in birds, “acute” 

versus “chronic” is the preferred terminol-

ogy, with acute urate deposition occurring in 

the viscera of birds and chronic urate deposi-

tion occurring in the joints. 

 

In an embarrassment of riches, Dr. Karen 

Terio, Clinical Professor in the Zoological 

Pathology Program at the University of Illi-

nois, was also in attendance at conference this 

week. Dr. Terio noted that it can be over-

whelming to describe a slide with this com-

plexity. She recommended organizing such 

descriptions by pathogenesis and would start 

a description of this slide with glomerular 

changes, as the observed tubular changes are 

likely secondary to the glomerular amyloido-

sis. 

 

Conference discussion produced a flock of 

morphologic diagnoses largely in agreement 

with the contributor. Participants discussed 

the interstitial nephritis at length and whether 

it was only in response to the urate deposition 

or if the inflammation also appeared in areas 

of the interstitium untouched by tophi. 

Participants thought it likely that the intersti-

tial nephritis could not be completely ex-

plained by the urate deposition and thus pre-

ferred to describe it in a separate morphologic 

diagnosis. 
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CASE II:  

 

Signalment:  

6-week-old male leopard tortoise (Stigmo-

chelys pardalis). 

 

History:  

The animal presented with anorexia, leth-

argy, and yellow bumps along the skin. The 

animal was found deceased approximately 48 

hours after onset of symptoms. There were 6 

other clutch mates housed in the same enclo-

sure with similar skin lesions, but without be-

havioral changes. 

 

Gross Pathology:  

The bilateral inguinal and gular skin is mod-

erately thickened with fissures; ventrally and 

laterally, there are multifocal, pale tan-yel-

low, pinpoint, raised, nodular foci. No addi-

tional significant findings were observed. 

  

Laboratory Results: 

16S PCR and bidirectional Sanger sequenc-

ing identified the presence of Austwickia che-

lonae within the affected skin. 

 

Microscopic Description: 

The epidermis of the distal hind limb is mul-

tifocally overlain by lamellar, compact kera-

tin admixed with dense mats of primarily fil-

amentous but also fewer coccoid bacteria. 

The filamentous bacteria, along with fewer 

cocci, invade into the dermis and superficial 

skeletal muscle. Multifocally, the epidermis 

is eroded to ulcerated with sloughing and ep-

idermal-dermal junctional clefting of the ex-

tant epidermis. The affected epidermis is of-

ten homogenously eosinophilic with pale cel-

lular outlines (coagulative necrosis) and con-

tains variably prominent intracellular and in-

tercellular vacuolation (edema). Similar re-

gions of coagulative necrosis are present 

within the dermis with low numbers of ex-

travasated erythrocytes, scattered granulo-

cytes, and occasional histiocytes. Venules  
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Figure 2-1. Leg, tortoise. There are areas of 
basophilic lamellar hyperkeratosis, with ul-
ceration and accumulation of keratin debris 
within a fissure of the hyperplastic epithe-
lium at top center. (HE, 4X)   

 

and arterioles in these regions are often dis-

rupted and necrotic with invasion of filamen-

tous bacteria transmurally into the vascular 

lumen. Similar findings are seen within the 

pericloacal, gular, and cephalic skin. 

 

Contributor’s Morphologic Diagnosis: 

Dermatitis, necrotizing, multifocal to coa-

lescing, severe, chronic with abundant in-

tralesional, gram-positive filamentous bacte-

ria (morphology consistent with Austwickia 

chelonae) and fewer cocci. 

 

Contributor’s Comment:  

Both the gross and histologic findings in this 

leopard tortoise are consistent with the PCR 

identification of Austwickia chelonae. A. che-

lonae is a gram-positive, filamentous, facul-

tative anaerobic actinobacterium that can 

cause disease (austwickiosis) in both captive 

and free-ranging reptiles. Prior to 2010, this 

organism was categorized within the same 

genus as perhaps the best known member of 

the Dermatophilaceae, Dermatophilus con-

golensis.3,5 First described in 1995 as Der-

matophilus chelonae, the organism was later 

reassigned to the newly created genus, 

Austwickia (Family Dermatophilaceae).3,8 As 

part of its initial characterization using sam-

ples collected from captive chelonians in a 

western Australian Zoo, A. chelonae showed 

many unique features in comparison to D. 

congolensis. These included different bio-

chemical characteristics, distinct morphol-

ogy, and specific culture requirements, in-

cluding optimal growth occurring at 27° C 

compared to 37° C for D. congolensis.8  

Most commonly, gross findings in chelonids 

consist of dermatitis with hyperkeratosis and 

progressive epidermal necrosis and ulcera-

tion often resulting in the formation of yellow 

to white nodules that can extend into the sub-

cutis.1,3 Although the extent of the potential 

host range of A. chelonae has not been fully 

determined, infections have been reported in 

numerous chelonian species, including cap-

tive desert (Gopherus agassizii), speckled 

cape (Homopus signatus), and sulcata (Cen-

trochelys sulcata) tortoises.3,7,9 Less fre-

quently, A. chelonae has been implicated as a 

cause of septic arthritis and visceral granulo-

mas in captive tortoises.1,3 In captive, juve-

nile C. sulcata, A. chelonae infections were 

associated with extensive bone involvement 

with destruction of the nasal cavity and man-

dible.9 In 2022, A. chelonae was documented 

for the first time in free-ranging chelonians in 

North America as a cause of cutaneous gran-

ulocytic granulomas in a wild gopher tortoise 

(G. polyphemus).7  

 

Though the exact reservoir of A. chelonae has 

not been determined, the organism has been 

isolated from environmental soil and water 

sources.4 It is suspected that initial local 

trauma to the skin, such as from tick bites or 

embedded foreign material, or inappropriate 

captive husbandry (high humidity or exces-

sive soaking), are necessary to permit 

austwickiosis.7,9 A. chelonae has recently 

been documented to encode a gene for a toxin 

similar to diphtheria toxin that had been pre-

viously only described within the genus 

Corynebacterium.7 Diphtheria toxin termi-

nates RNA synthesis and has been shown to 

notably interact with the host’s immune sys-

tem.7 A presumptive diagnosis of 
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austwickiosis may be made based on the 

combination of signalment combined with 

gross and histologic features using routine 

and special histochemical (Gram, GMS) 

stains. A definitive diagnosis of A. chelonae, 

however, requires PCR, culture, or meta-

genomic next-generation sequencing 

(mNGS).3,4 

 

Austwickiosis is not restricted to chelonians. 

Captive inland bearded dragons (Pogona vit-

ticeps) coinfected with A. chelonae and ra-

navirus presented with multifocal superficial 

necrotizing dermatitis.10 The reported histo-

pathologic changes in the skin of the affected 

bearded dragon were similar to those re-

ported in this case.9 Recurrent granulomatous 

dermatitis associated with PCR confirmed A. 

chelonae (syn. D. chelonae), was described 

in a king cobra (Ophiophagus hannah) in 

2004.6,11 In 2019, a study of the endangered 

Chinese crocodile lizard (Shinisaurus croco-

dilurus) revealed cutaneous lesions associ-

ated with A. chelonae.4 Interestingly, experi-

mental inoculation of the bacteria resulted in 

austwickiosis not only in Chinese skinks 

(Plestiodon chinensis), but also in domestic 

sheep, rabbits, and guinea pigs.4 This sug-

gests that A. chelonae has the potential to in-

fect a wider range of species, including mam-

mals, though natural infections have not been 

reported. 

 

Infections by other members of the family 

Dermatophilaceae have been reported in rep-

tiles, mammals, birds, and humans.4  In croc-

odiles, reports of ventrally located brown 

skin lesions, colloquially called “brown spot 

disease”, has been reported in young captive 

crocodiles (Crocodylus porosus and C. no-

vaeguineae) in Papua New Guinea, farmed 

saltwater crocodiles (C. porosus) in Aus-

tralia, and farmed American alligators (Alli-

gator mississippiensis) in the southeastern 

United States.2,3 Of the saltwater crocodiles 

evaluated in Australia, approximately 30% of  

 
Figure 2-2. Skin of leg, tortoise. The most su-
perficial layers of the dense lamellar keratin 
are replete with filamentous bacilli (and few 
cocci) that give it a dense blue color.  (HE, 
481X) 

 

animals with clinical dermatitis contained in-

tralesional filamentous, Dermatophilus-like 

bacteria.2,3 In lizards, dermatophilosis has 

been reported in captive bearded dragons 

confirmed as D. congolensis on culture. Der-

matophilus-like organisms have been ob-

served by light microscopy in a number of 

other species, including bush anoles (Poly-

chrus marmoratus), collared lizards (Crota-

phytus collaris), green iguanas (Iguana 

iguana), Senegal chameleons (Chamaeleo 

senegalensis), savannah monitors (Varanus 

exanthematicus), and panther chameleons 

(Furcifer pardalis).3  

 

Contributing Institution:  

University of Florida 

College of Veterinary Medicine 

Department of Comparative, Diagnostic, and 

Population Medicine 

Gainesville, Florida 

https://cdpm.vetmed.ufl.edu/ 

 

JPC Diagnosis: 

Skin: Dermatitis, necrotizing, multifocal to 

coalescing, with hyperkeratosis and numer-

ous filamentous bacilli.  

 

JPC Comment:  

The contributor provides an excellent, thor-

ough summary of austwickiosis in reptiles 

and 
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notes an unusual feature of this organism: the 

presence of a toxin, similar to diptheria toxin, 

previously unknown outside of the Coryne-

bacterium genus.  

 

Diptheria toxin (DT), produced by specific 

species of Corynebacterium, is the main vir-

ulence factor responsible for the respiratory, 

neurologic, and cardiopulmonary symptoms 

that characterize diptheria in humans.12 DT is 

encoded on a bacteriophage which is inte-

grated into the bacterial genome at specific 

sites. Regulation of DT expression is reliant 

on bacterial chromosome encoded diptheria 

toxin repressor genes, whose products can 

bind bacterial DNA sequences and block 

transcription and expression of DT.12 

 

DT is considered the first example of the A-

B class of toxins, an evolutionarily conserved 

motif found in almost all intracellular tox-

ins.12 DT is produced as an inactive proen-

zyme that is cleaved to its active form on en-

countering a target cell. The two resulting 

peptides are DT-A, the catalytic portion of 

the toxin, and DT-B, which is required for  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

receptor binding and subsequent transloca-

tion of the toxin into the target cell by recep-

tor-mediated endocytosis.12  

 

Once inside the cell, the acidic environment 

of the endosome causes a conformational 

change in DT, which causes the DT-A cata-

lytic portion of the toxin to insert into the en-

dosome membrane, exposing DT-A to the cy-

tosol.12 DT-A catalyzes the transfer of an 

ADP compound from NAD+ to a histidine 

residue on elongation factor-2 (EF-2). EF-2 

catalyzes the movement of ribosomes along 

mRNA during translation, making it essential 

for protein synthesis. When EF-2 is modified 

by the action of DT-A, the ribosome is unable 

to move, translation is halted, and the cell ul-

timately dies.12 DT-A disables EF-2 in all eu-

karyotic species except mice and rats, and 

one DT-A molecule exposed to the cytosol is 

enough to kill a cell.12 

 

Diptheria-toxin like genes were identified in 

2018 in several bacteria outside of the 

Corynebacterium genus, including 

Austwickia and Streptomyces spp.13 The key 

Figure 2-3. Skin, tortoise. There are areas of epidermal necrosis and ulceration with numerous fila-

mentous bacilli penetrating into the underlying dermis. (HE, 91X) 
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features of the toxin, including the catalytic 

and translocation domains, are conserved, but 

the receptor-binding domains are different, 

accounting for the different host ranges and 

cellular tropisms of the DT-like toxin in non-

Corynebacterium organisms.12 In addition, 

DT-like toxin is encoded in the bacterial ge-

nome of the new hosts rather than on bacteri-

ophages, suggesting an alternate method of 

lateral gene transfer has occurred in these 

species.12 

 

It is unclear if DT-like toxin has a role in the 

pathogenesis of A. chelonae infection; how-

ever, abundant necrosis is a hallmark of this 

disease in all species, raising the possibility 

that DT-like toxin causes the same cellular 

injury via the same mechanism as its DT an-

cestor. 

 

Discussion of this case initially centered on 

the abundant autolysis which caused interpre-

tive challenges for conference participants.  

Participants noted that the abundant filamen-

tous bacteria were seemingly not accompa-

nied by the a robust inflammatory reaction, 

prompting a lengthy discussion about 

whether the bacteria could represent post-

mortem bacterial overgrowth rather than true 

pathogenic bacteria. On closer inspection, 

however, participant believed that some of 

the ghost cells in the tissue are presumptive 

heterophils that have been rendered inappar-

ent due to autolysis.  

 

The organism itself cuts a striking filamen-

tous figure in this slide. The moderator noted 

that this morphologic feature can be used to 

narrow the differential list considerably to the 

most commonly-encountered filamentous 

bacteria: Actinomyces, Nocardia, Der-

matophilus, and Streptobacillus. The moder-

ator also reminded participants not to neglect 

the bone marrow The bone marrow in this 

case appears mildly hypocellular, which 

comports with the observed mild 

inflammation. Dr. Terio noted that ambient 

temperature has a profound impact on the 

ability of poikilotherms to mount inflamma-

tory responses and speculated that low body 

temperature might explain the disconnect be-

tween the level of inflammation and the ex-

tent of bacterial infection observed in this an-

imal.  
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CASE III:  

 

Signalment:       

1-year-old, gender not specified Nile croco-

dile (Crocodiles niloticus). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

History:  

Biopsy from a farmed yearling Nile crocodile 

(Crocodiles niloticus) that presented with 

multifocal to coalescing 3-5 mm ovoid ulcer-

ated lesions on the abdominal ventrum. There 

were no associated clinical abnormalities. 

 

Gross Pathology:  

Multifocal to coalescing 3-5 mm ovoid ulcer-

ated lesions on the  abdominal ventrum. 

 

Laboratory Results: 

Lesions were PCR positive for crocodile pox. 

 

 

Microscopic Description:  

Focal erosion, ulceration and hyperplasia of 

the epidermis with thick adherent serocellular 

crust. Ballooning degeneration of keratino-

cytes is a feature and numerous eosinophilic 

intracytoplasmic inclusions are observed.  

 

There are marked perivascular to more wide-

spread accumulations of admixed hetero-

phils, lymphocytes, and macrophages within 

the subjacent superficial dermis.   

 

Contributor’s Morphologic Diagnosis:  

Skin: Dermatitis, necrotizing and prolifera-

tive with ballooning degeneration and intra 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1. Skin, crocodile. A section of skin with a central area of necrosis is submitted for exami-
nation. (HE, 4X)  (Photo courtesy of: Veterinary Sciences Centre, School of Veterinary Medicine, Uni-
versity College Dublin, Belfield, Dublin 4, Ireland, http://www.ucd.ie/vetmed/) 
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cytoplasmic, eosinophilic inclusions con-

sistent with poxvirus infection, Nile croco-

dile (Crocodiles niloticus), reptile. 

 

Contributor’s Comment:  

The pathognomonic features of keratinocyte 

ballooning and eosinophilic intracytoplasmic 

inclusions, taken together with the clinical 

appearance and positive PCR result, are con-

sistent with a diagnosis of crocodile poxvirus 

infection. Infection typically results in prolif-

erative skin lesions approximately 1-3 mm 

diameter, grey to brown, and sessile or 

slightly depressed in contour. Lesions are 

variously encrusted,  ulcerated or, less fre-

quently, exophytic and wart-like and can oc-

cur over the entire body.3, 4 Sequelae can in-

clude opportunistic infections by Der-

matophilus-like bacteria or by fungi. The 

presence of pox virions can be confirmed by 

electron microscopy with visualization of 

characteristic 100 nm by 200 nm  virions with 

a dumbbell-shape with cross striations.2,4  

 

While some members of the poxvirus family 

are host specific, others can infect many spe-

cies.5 The Poxviridae family is subdivided 

into the Entomopoxvirinae and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chordopoxvirinae subfamilies and members 

of the latter subfamily cause disease where 

skin lesions are the predominant clinical sign. 

Currently, 29 members of this subfamily are 

known to infect mammals, 10 are found in 

birds and one species is associated with dis-

ease in reptiles including several crocodilian 

species.5 

 

Poxvirus-associated disease in reptiles has 

been described in caimans (Caiman croco-

dilus), Nile crocodiles (Crocodilus niloticus), 

and in both saltwater (Crocodylus porosus) 

and freshwater (Crocodilus johnstoni) croco-

diles.2  Although found in crocodilians 

worldwide, only three crocodile poxvirus ge-

nomes have been published to date and the 

source of infection remains unclear, although 

mosquitos have been suggested as potential 

vectors following infection of saltwater croc-

odiles.1,6 
 

Contributing Institution:  

Veterinary Sciences Centre 

School of Veterinary Medicine 

University College Dublin 

Belfield, Dublin 4, Ireland 

http://www.ucd.ie/vetmed/ 

Figure 3-2. Skin, crocodile. There is full thickness necrosis of the epidermis in the center of the lesion.  
This area of necrosis is covered with a serocellular crust and there is a marked inflammatory infil-
trate in the immediately subjacent superficial dermis.  The crust extends over the periphery of the 
lesion.  (HE, 33X) 
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JPC Diagnosis: 

Skin: Dermatitis, necrotizing and prolifera-

tive, focal, moderate with epidermal balloon-

ing degeneration and intracytoplasmic viral 

inclusions. 

  

JPC Comment:   

This small piece of tissue packs a big punch, 

managing to illustrate both the characteristic 

histologic lesions of poxviral dermatitis and 

the wide variety of hosts in which the disease 

can occur. While the Poxviridae family is fa-

miliar to most, it likely comes a surprise to 

some that the family includes a small, evolu-

tionarily divergent group of poxviruses in the 

genus Crocodylidpoxvirus that affects the or-

der Crocodylia worldwide.5 The currently-

characterized members of this group include 

Nile crocodilepox virus-1 (CPV) and saltwa-

ter crocodilepox viruses 1 and 2.6  

 

CPV most commonly causes a nonfatal der-

matitis with complete recovery which is 

mostly of economic importance to the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

commercial crocodile leather farming indus-

try. Occasionally, however, more severe dis-

ease can develop with clinical signs of oph-

thalmia, rhinitis resulting in asphyxia, and 

debilitating illness with stunting and high 

mortality.1 Histopathologic features are char-

acteristic of poxviral infection generally (ne-

crosis, hyperkeratosis, ballooning degenera-

tion, and intracytoplasmic inclusion bodies) 

as nicely illustrated by this histologic section. 

 

The progression of poxviral dermatitis le-

sions has been detailed in the saltwater croc-

odile and classified into four stages: early ac-

tive, active, expulsion, and healing.4 Early 

active lesions are 1-3 mm in diameter, white 

to grey foci of pinpoint of keratin damage. 

Early active lesions are histologically charac-

terized by epidermal hyperplasia and hyper-

trophy with visible intracytoplasmic inclu-

sion bodies and in intact overlying kertain 

layer.4 With progression to the active stage, 

affected surface area increases and lesions 

develop a distinct raised outer contour with a 

Figure 3-3. Skin, crocodile. Within the intact epithelium at the periphery of the lesion, keratinocytes 
within the stratum spongiosum are swollen with cytoplasmic clearing (ballooning degeneration), 
prominent nucleoli with prominent nucleoli, and several cells contain numerous pink cytoplasmic 
viral inclusions, consistent with poxvirus. (HE, 652X) 
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depressed central core of abnormal keratin. 

The stage is characterized histologically by 

disruption of the superficial keratin layer and 

the development of a mild perivascular lym-

phocytic dermal infiltrate.4  

 

In the expulsion stage, the central core of ne-

crotic cells is released revealing a crust of ne-

crotic inflammatory cells that given the gross 

lesion an orange/tan color; the underlying ep-

idermis at this stage is of normal thickenss 

and cellular morphology.4 In the final healing 

phase, the lesion surface area decreases, with 

the surface keratin appearing abnormal, 

though with the color of normal skin. The le-

sions slowly become less visible during this 

phase, eventually returning to an almost nor-

mal macroscopic appearance.4 

 

CPV is most phylogenetically related to mol-

luscum contagiosum virus, but is rather dis-

tinct from other Chordopoxviruses.1 CPV 

lacks many recognizable virulcence genes 

common to other Chrodopoxviruses, includ-

ing interferon responses, intracellular signal-

ing, and host immune response modulation. 

The CPV genome contains many putative 

genes which are speculated to perform these 

functions in novel ways, though none have 

yet been characterized.1 CPV remains a bit 

mysterious, with seemingly familiar gross 

and histomorphologic lesions that belie a 

unique, recently diverged, and largely un-

known biological armamentarium. 

 

Conference participants had no difficult iden-

tifying the poxviral etiology for these lesions, 

though there was some discussion about the 

size, quantity, and character of the intracyto-

plasmic viral inclusions, which participants 

felt looked slightly different from normal 

poxviral inclusions. The moderator, who has 

extensive experience with crocodile pathol-

ogy and husbandry, noted that this histologic 

section is an excellent, quality example of 

crocodile skin. The moderator also directed 

participants to the lateral edges of the section 

to appreciate normal crocodile skin, which 

typically has a very thin epidermis. Compar-

ing the normal skin to the lesional skin high-

lights the degree hyperkeratosis that is typical 

of poxviral dermatitis in any species. 
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CASE IV:  

Signalment:  

Adult female koala (Phascolarctos cinereus).   

 

History: 

A free-ranging koala was found in poor body 

condition, surrendered to a wildlife hospital, 

and euthanised on welfare grounds. 

 

Gross Pathology:  

Consolidation of the left caudal lung lobe 

with pleural adhesions. 
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Figure 4-1. Lung, koala. One section of lung is 
submitted for examination.  There are bacte-
rial colonies and resulting inflammation 
within and effacing airways. (HE, 5X) 

 

Laboratory Results: 

Heavy growth of anaerobic bacteria from the 

left caudal lung lobe. Cultured bacteria were 

identified by bacterial 16S rRNA gene as a 

novel Actinomyces spp.  

 

Microscopic Description:  

Lung: The normal lung parenchyma is ef-

faced and replaced by branching coarse fi-

brocollagenous connective tissue (fibrosis), 

which dissects between multifocal to coalesc-

ing densely cellular infiltrates of neutrophils, 

macrophages, and lymphocytes. Inflamma-

tory infiltrates often cluster around lakes of 

amorphous necrotic debris and intensely eo-

sinophilic radiating material which surround 

or are admixed with fine filamentous bacteria 

(pyogranulomas with central club colonies 

and Splendore-Hoeppli material). There is 

moderate to marked irregular expansion of 

the pleura by immature granulation tissue, 

haemorrhage, fibrin, and leukocytes.  

 

Bacteria are gram-positive, Ziehl-Neelsen 

and modified Ziehl-Neelsen negative. No or-

ganisms are visualized with PAS or Alcian 

blue stains.  

Contributor’s Morphologic Diagnosis:  

Lung: Severe chronic fibrosing pyogranu-

lomatous pleuropneumonia with intralesional 

filamentous bacteria and Splendore-Hoeppli 

phenomenon. 

 

Contributor’s Comment:  

In recent years, free-ranging and captive ko-

alas (Phascolarctos cinereus) from the 

Mount Lofty Ranges of South Australia have 

been identified with chronic pyogranuloma-

tous bronchopneumonia or lobar pneumonia, 

most frequently involving the left caudal lung 

lobe.17 Within lesions, numerous gram-posi-

tive or gram-variable, non-acid-fast filamen-

tous bacteria are observed in association with 

Splendore-Hoeppli phenomenon. Culture in 

this case yielded growth of anaerobic bacte-

ria, subsequently identified by molecular 

techniques as a novel Actinomyces species 

(pulmonary actinomycosis).  

Actinomyces is an anaerobic or facultative 

aerobic, gram-positive, filamentous bacteria, 

which is non-spore forming and non-mo-

tile.14 Actinomyces species can be found in 

the normal healthy microbiota of the human 

oropharynx and gastrointestinal tract and on 

nasal, oral, or oropharyngeal mucosal sur-

faces of other animals and are most often as-

sociated with opportunistic infections.4,14,18,20 

Pulmonary actinomycosis is rare in animals 

but has been described in a small number of  

 

Figure 4-2. Lung, koala. Higher magnification 
of inflamed airways. (HE, 10X) 
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free-ranging species including two chamois 

(Rupicapra rupicapra),15 a black-tufted ma-

moset (Cal-lithrix penicillata),16 and in a cap-

tive red kangaroo (Osphranter rufus).8  

Actinomyces spp. have been reported as com-

mensals of the oral microbiome and associ-

ated with similar pulmonary lesions in other 

species. Examination of resin lung casts from 

healthy koalas suggests greater laminar flow 

of air to the left caudal lung lobe in koalas.  

Considering the predilection for involvement 

of the left caudal lung lobe observed in mul-

tiple in koalas with this condition, aspiration 

is suggested as the likely cause in at least 

some cases of pulmonary actinomycosis in 

koalas. 

Other pathogens reported to cause pneumo-

nia in koalas include Bordetella bronchisep-

tica,3,11 Chlamydia spp.,1,5,9 Cryptococcus 

gattii (previously Cryptococcus neoformans 

var. gattii),3,7 Pseudomonas aeruginosa,2,13 

Nocardia asteroides,19 Staphylococcus epi-

dermidis,19 Mycobacterium ulcerans,12 and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

parasitic pneumonia associated with Marsu-

piostrongylus sp.10 

 

Contributing Institution: 

Veterinary Diagnostic Laboratory 

School of Animal and Veterinary Sciences 

University of Adelaide 

Roseworthy, South Australia 

https://sciences.adelaide.edu.au/animal-vet-

erinary-sciences/  

 

JPC Diagnosis: 

Lung: Bronchopneumonia, pyogranuloma-

tous, chronic, diffuse, severe, with colonies 

of filamentous bacilli and Splendore-Hoeppli 

material. 

 

JPC Comment:   

This stunning histologic slide is a remarkable 

example of bacterial pneumonia caused by 

Actinomyces, one of the members (along with 

Yersinia, Actinobacillus, Corynebacterium, 

Streptococcus, and Staphylococcus spp.) of 

the  “YAACSS” large colony forming bacte-

ria. As the contributor nicely describes, pul-

monary actinomycosis is an increasingly  

Figure 4-3. Lung, koala. High magnification of aggregates of filamentous bacteria surrounding by 
neutrophils and cellular debris. (HE, 252X)   
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Figure 4-4.  Lung, koala. Filamentous bacteria 
are gram-positive. (BB, 200X) 

 

recognized disease of koalas, and the history 

and gross and histologic findings described in 

this case are characteristic. 

 

The contributor provides an excellent sum-

mary here; a more fulsome discussion is pro-

vided in the published case series from which 

this case was taken.17 Pulmonary actinomy-

cosis in koalas affects the left caudal lung 

lobe in 82% of cases, and is the only affected 

lobe in 21% of cases.17 In 43% of cases, both 

the left caudal and the right middle lung lobes 

are affected.17 Resin cast studies provided a 

possible answer for this apparent site predi-

lection as the left primary bronchus in the ko-

ala follows a relatively straight caudal path 

without branching into lobar bronchi until 

deep in the pulmonary parenchyma. In con-

trast, the right primary bronchus is less linear, 

branches from the trachea in a more lateral 

direction, and branches into lobar bronchi 

much earlier than the left primary bronchus.17 

Researchers speculate that the more linear bi-

furcation pattern creates greater laminar 

flow, essentially creating a more direct path 

for bacterial colonization of the left caudal 

lobe.17 

 

Microbial culture and isolation were per-

formed on five koalas from this case series 

and a variety of anaerobic agents were 

identified. PCR amplification and sequencing 

of the 16S rRNA gene matched most closely 

with Actinomyces timonensis, though due to 

only 95% sequence homology with the refer-

ence A. timonensis genome, researchers spec-

ulate that the etiologic agent could be a novel 

Actinomyces species.17 

 

Pulmonary actinomycosis in South Austral-

ian koalas is occasionally accompanied by 

hypertrophic osteopathy.6 In a recent case 

study describing this combination of lesions, 

imaging findings included periosteal reaction 

on multiple appendicular skeletal bones, in-

cluding the scapula, humerus, ulna, radius, 

femur, tibia, fibula, and carpal bones. Gross 

findings included thick, roughened perios-

teum on the metaphyses and diaphysis of 

long bones, and histologic findings included 

proliferative trabecular bony spicules ori-

ented perpendicular to the cortical bone.6 

 

The moderator began discussion of this case 

by noting that tissue identification is difficult 

since the pulmonary architecture is almost 

entirely obliterated by the florid pyogranu-

lomatous inflammation. The moderator noted 

that there are many clues to pathogen identity 

here, including the filamentous morphology 

of the bacteria, the pyogranulomatous nature 

of the inflammatory reaction, and the pres-

ence of Splendore-Hoeppli material.  

 

As discussed in the previous case of 

Austwickia chelonae dermatitis, the most 

commonly encountered filamentous bacteria 

are  Actinomyces, Nocardia, Dermatophilus, 

and Streptobacillus. The moderator also 

noted a variety of conditions that are typically 

associated with Splendore-Hoeppli reaction, 

including fungal infections (sporotrichosis, 

zygomycosis, candidiasis, aspergillosis, blas-

tomycosis, orbital pythiosis, pityrosporum 

folliculitis), bacterial infections (botryomy-

cosis, nocardiosis, and actinomycosis), and 

parasitic infections (strongyloidiasis,  
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Figure 4-5. Lung, koala. The extensive fibrosis 
within the adjacent alveolar parenchyma has 
resulted in ectasia and an irregular shape to 
remaining alveoli (“traction emphysema”) 
which are filled with alveolar macrophages 
and fewer neutrophils. (HE, 87X) 

 

schistosomiasis, and cutaneous larval mi-

grans). The intersection of these two differ-

ential lists raises a clinical suspicion of acti-

nomycosis even before the inevitable google 

reveals the susceptibility of koalas to pulmo-

nary actinomycosis. Nevertheless, the mod-

erator noted that Chlamydia spp. is an im-

portant rule-out in this case, and participants 

reviewed a Giemsa stained section that was 

convincingly negative. Participants were 

amazed at the florid koality of the inflamma-

tion in this case which, even for a koala, is 

pretty severe, causing participants to spectu-

late that the koala might be immunosup-

pressed.  

 

Discussion of the morphologic diagnosis was 

straight-forward, with a short aside dedicated 

to whether the process could be described as 

necrotizing. In this case, the necrosis is due 

to inflammatory by-stander damage and not 

to virulence factors deployed by Actinomy-

ces, so participants preferred a morphologic 

diagnosis of pyogranulomatous broncho-

pneumonia.  
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WSC 2023-2024 

Conference 24 Self-Assessment 

1. Most amyloid in birds is of the AL-amyloid variety.  True or false? 

a. True 

b. False 

 

2. Which of the following viruses has been established as one of many causes of gout in 

chickens? 

a. Circovirus 

b. Polyomavirus 

c. Coronavirus 

d. Astrovirus 

 

3. Austwickia cheloniae  previously belonged to which of the following genera? 

a. Hemophilus 

b. Pasteurella 

c. Actinomyces 

d. Dermatophilus 

 

4. True or false?  Viruses in the Chordopoxvirinae subfamily normally cause extracuta-

neous lesions.  

a. True 

b. False 

 

5. True or false?  Ntinomyces are considered normal oropharyngeal flora. 

a. True 

b. False 
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CASE I:   

 

Signalment:  

Female goat (Capra hircus), age and breed 

unspecified.  

 

History:  

The owners had 3 goat does that aborted 

premature and full-term fetuses after being 

purchased 4 months prior. These goats were 

dewormed a week before sample submission. 

Submitted for necropsy evaluation are 2 fe-

tuses and one placenta.  

 

Gross Pathology:  

No major gross lesions were observed in the 

placenta.  

 

Laboratory Results: 

Q-fever PCR at referral laboratory – Positive 

for Coxiella burnetti. 

 

Microscopic Description:  

Placenta (chorioallantois): In regionally ex-

tensive areas, numerous intracytoplasmic 

pleomorphic (cocci, coccobacillary, and ba-

cillary morphologies), gram negative bacte-

rial microorganisms are observed within hy-

pertrophied syncytiotrophoblasts on the cho-

rionic villi. The chorioallantois is severely 

expanded by edema and numerous inflamma-

tory infiltrates, predominantly composed of 

plasma cells, lymphocytes and hofbauer cells 

(placental macrophages). Small caliber ves-

sels in the chorionic stroma are moderately 

dilated by congestion. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1-1. Placenta, goat. Sections of the cot-
yledonary (upper right) and inter-cotyledo-
nary placenta (upper left) are submitted for 
examination. (HE, 5X) 

 

Contributor’s Morphologic Diagnosis:  

Placenta: Placentitis, lymphoplasmacytic and 

histiocytic, acute to subacute, regionally ex-

tensive, severe with intratrophoblastic bacte-

ria (Coxiella burnetti). 

 

Contributor’s Comment: 

Q fever, the disease caused by the bacterial 

organism Coxiella burnetti, an obligate intra-

cellular pleomorphic gram-negative bacterial 

microorganism, is considered a potential bio-

terrorism agent in many countries, including 

the United States. A worldwide presence has 

been reported, except in New Zealand.  
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The US Centers For Disease Control has clas-

sified C. burnetti as ‘category B’ – moder-

ately easy to disseminate with moderate mor-

bidity and mortality. Previous findings indi-

cate that C. burnetti has a low infectious dose 

for initiating a disease process i.e., up to 90% 

probability for a single bacterium to initiate a 

disease process.9 

 

Coxiella spp. belong to class Gammaproteo-

bacteria, order Legionellales and family Cox-

iellaceae. C. burnetti has been identified in 

multiple species including domestic rumi-

nants, birds, and some insects.2,6,11,16 Domes-

tic ruminants are frequently considered as 

reservoir hosts for C. burnetti.7,13 This patho-

gen is zoonotic to humans, and can cause a 

wide array of clinical findings and lesions in 

different species, that includes abortions, 

stillbirths, hepatomegaly, splenomegaly, en-

docarditis, and encephalitis.2  

 

C. burnetti has been identified in the gut cells 

of ticks (Dermacentor sp., Haemaphysalis 

sp., Ixodes sp., Hyalomma sp., Ornithodoros 

sp.,) implicating these ticks as one of the ma-

jor modes of transmission for this pathogen.3 

Other recorded routes of transmission include 

aerosolization, ingestion of contaminated 

placenta (in dogs and cats), exposure to in-

fected milk and other dairy products, hori-

zontal (person-to-person), exposure to fom-

ites, and contact with infected hide or wool 

from animals.1 Transmission via fomites, re-

productive tissues, and contaminated, unpas-

teurized dairy products are the most promi-

nent causes for pathogen transmission across 

different species.  

A biphasic growth pattern has been reported 

for this obligate intracellular gram-negative 

microorganism, characterized by two major 

cell types – a spore-like small cell variant 

(SCV) and an actively dividing large cell var-

iant (LCV).2,7,12,14 This spore-like SCV has a 

higher concentration of peptidoglycan, 

providing resistance to a wide array of  

 
Figure 1-2. Placenta, goat. Cotyledonary epi-
thelium (trophoblasts) are markedly and dif-
fusely expanded.  The chorioallantoic stroma 
is diffusely edematous. (HE, 23X) 

 

physical and chemical stressors, thus permit-

ting the pathogen to survive in the environ-

ment. SCVs are usually shed into the envi-

ronment via placental fluids, mammary se-

cretions, urine, feces, and fomites during the 

parturition process. By inhalation and close 

contact, these SCVs then spread to others in 

the immediate vicinity. Following inhalation, 

C. burnetti is commonly observed within 

macrophages in various organs including 

lungs, which leads to inhibition of cell death 

by impairing phagolysosome formation and 

macrophage function.12,14 The exact mecha-

nism for tropism towards trophoblasts is still 

definitively undetermined, although it is be-

lieved that mild immunosuppression during 

pregnancy may be one of the causes for path-

ogen localization in the placenta.18 Matura-

tion and development of SCV in the placenta 

following a biologically active LCV phase 

will lead to further spread of the pathogen 

through shedding into the environment.  

 

In humans, C. burnetti can result in the fol-

lowing: self-limiting flu-like clinical signs, 

severe atypical pneumonia, hepatitis with se-

vere hepatomegaly and icterus, maculopapu-

lar exanthema, pericarditis, myocarditis, 

aseptic meningitis, seizures, polyradiculo-

neuritis, optic neuritis, transient hypoplastic 

anemia, and/or lymphadenopathy, as well as 

other manifestations.8 The chronic form of 

Qfever has been reported in 5% of all clinical  
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reports and the most commonly reported le-

sions in chronic disease are endocarditis, he-

patic fibrosis, osteoarthritis, osteomyelitis, as 

well as other manifestations.8 

One previous study has reported strong pla-

cental tropism of C. burnetti at 2-4 weeks af-

ter inoculation in pregnant goats, and higher 

numbers of microorganisms isolated from 

these infected goats at the time of kidding.15 

In domestic ruminants, histological findings 

from reproductive tissues (such as the pla-

centa) are a histiocytic and lympho-

plasmacytic placentitis with numerous in-

trahistiocytic and intratrophoblastic bacterial 

microorganisms. Other commonly used diag-

nostic techniques includes immunoperoxi-

dase staining for highlighting bacterial mi-

croorganisms, immunohistochemistry using 

monoclonal antibodies against C. burnetti, 

PCR amplification of different DNA targets 

including 16S and 23S, and serological tech-

niques such as ELISA, complement fixation, 

western blotting, dot blotting, and mi-

croagglutination.8 

 

 

 

 

 

 

 

 

 

 

 

 

Q-fever is still poorly understood and is zo-

onotically important due to its multiple attrib-

utes, including low infectious dose and envi-

ronmental persistence. Subsequent screening 

of all abortions in domestic ruminants, de-

contamination, biosecurity and treatment are 

strongly recommended to curb the spread of 

this pathogen. 

The main findings in this case are: 1) lympho-

plasmacytic and histiocytic placentitis, 2) the 

presence of large numbers of intratropho-

blastic gram negative bacterial organisms, 

and 3) PCR positive detection of C. burnetti. 

Altogether, these findings are consistent with 

Coxiella burnetti infection, resulting in abor-

tion in this case.  

 

Contributing Institution: 

Oklahoma State University  

Department of Veterinary Pathobiology  

College of Veterinary Medicine  

Stillwater, OK 74078 USA 

www.vetmed.okstate.edu  

 

 

Figure 1-3. Placenta, goat. Higher magnification of trophoblasts. Almost every trophoblast contains 
numerous 1µm rickettsia within their cytoplasm. This foamy cytoplasmic appearance is characteristic 
of Coxiella burnetti. (HE, 381X) 
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JPC Diagnosis: 

Placenta: Placentitis, lymphohistiocytic, dif-

fuse, mild, with innumerable intratropho-

blastic coccobacilli. 

 

JPC Comment:   

Coxiella burnetii, like any self-respecting in-

tracellular pathogen, must find a way to solve 

an existential problem: how to survive inside 

a cell that is trying to kill it. C. burnetii em-

ploys a variety of weapons to this end, some 

of which are well-characterized, and some of 

which remain poorly understood.  

 

A key weapon in its arsenal is a Type IV se-

cretion system (T4SS), one of several types 

of such systems used by microorganisms to 

transport macromolecules across cell mem-

branes.17 Once C. burnetti is phagocytosed 

by a macrophage, it uses its T4SS to modify 

host cellular processes to develop a C. bur-

netti-containing vacuole (CCV) in which it  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

can thrive and replicate. The CCV is charac-

terized by “promiscuous fusogenicity,” 

prominent size, temporal stability, and the 

ability to promote C. burnetti replication, all 

of which distinguish the CCV from a typical 

lysosome.10 The T4SS is critical to the for-

mation and maintenance of this CCV intra-

cellular niche and to thwarting the host cell 

death pathways which are typically arrayed 

against it.4  

 

The C. burnetii T4SS transfers over 130 bac-

terial proteins, very few of which have been 

characterized, from the CCV into the macro-

phage cytoplasm.4 Among those bacterial 

proteins with known functions, one, AnkG, 

binds mitochondrial p32 which inhibits the 

intrinsic apoptosis pathway. Another, inhibi-

tor of caspase activation (IcaA), frustrates py-

roptosis by inhibiting the NLRP3 inflam-

masome and caspase-1 activation.4  

 

Figure 1-4. Placenta, goat. Gram-negative intratrophoblastic bacterial organisms, identified as Coxi-
ella burnetti by PCR.  (Gram, 400X) (Photo courtesy of: Oklahoma State University College of Veter-
inary Medicine, Stillwater, OK. https://www.vetmed.okstate.edu) 
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The effects of translocated bacterial proteins 

can be appreciated, even if the mechanism of 

action or the specific protein cannot be iden-

tified. One such example relates to the nutri-

ent-sensing mammalian target of rapamycin 

complex 1 (mTORC1) which homeostati-

cally inhibits autophagy but is itself inhibited 

in times of nutrient deprivation. Inhibition of 

mTORC1 typically leads to autophagy, the 

catabolism of cellular organelles and the re-

purposing of the liberated macromolecules as 

metabolic substrates. Inhibition of MTORC1 

leads to the formation of large, fusogenic ly-

sosomal organelles that anticipate the surge 

of incoming catabolic cargo.10  

 

Research has demonstrated that C. burnetti 

inhibits mTORC1 by an unknown mecha-

nism in the face of nutrient sufficiency, lead-

ing to the development of the large, fusogenic 

CCV that accommodates hundreds of repli-

cative organisms.10 The CCV fuses with au-

tophagic vesicles and accumulates autoph-

agy-related proteins such as beclin-1, LC3, 

and p62. The critical role of T4SS in this pro-

cess, and by extension, the critical role of 

translocated bacterial proteins, is evidenced 

by experimental studies that disrupt T4SS 

function and inhibit nutrient-dependent au-

tophagy and bacterial replication in C. bur-

netti infected cells.10 Researchers have spec-

ulated that C. burnetti activates  autophagic 

catabolism via mTORC1 inhibition to pro-

vide replication-supporting nutrients within 

the CCV.10 

 

C. burnetti likely has many more undiscov-

ered virulence factors which are the subject 

of active research due to its highly infectious 

nature and unique mechanisms of intracellu-

lar survival. A nice  summary of the current 

understanding of C. burnetti virulence factors 

can be found in a 2020 review by Dragan and 

Voth.5 

 

Our moderator this week was Dr. Susan 

Bender, Assistant Professor of Clinical 

Pathobiology ar the University of Pennsylva-

nia School of Veterinary Medicine. Partici-

pants seemed to approach this slide with 

some trepidation and initial discussion fo-

cused on the basics of tissue identification 

and proper terminology. Dr. Bender noted 

that the challenge was made even more diffi-

cult by the tremendous distention of the 

trophoblasts by Coxiella organisms.  

 

Participants also discussed an area of the tis-

sue that appeared to contain squamous meta-

plasia, which provoked some discussion as 

this would be an unusual finding in the cho-

rioallantois (though not unprecedented; this 

change can be observed in fungal abortions in 

goats). Dr. Bender noted that these most 

likely represent amniotic plaques, a normal 

finding in the amnion, a portion of which is 

likely in the slide along with the chorioallan-

tois. A few participants also noted possible 

thrombi in a a few vessels; however, these are 

likely not significant without accompanying 

vascular injury, which is not seen in section 

and is not an expected finding for this disease 

entity. 

 

The remarkable expansion of the trophoblasts 

in this case is a key histologic feature, which 

Dr. Bender noted should bring a differential 

list to mind. While the blue frothy material is 

a classic appearance for Coxiella burnetii, 

Chlamydia abortus should also be on the dif-

ferential list. Other differentials include Bru-

cella spp., Listeria spp., and Campylobacter 

spp., though those agents do not typically 

cause such massive trophoblast expansion. 

Dr. Bender ended discussion by reminding 

participants that Q fever is a reportable dis-

eaes which, if encountered, should be 

promptly reported to state authorities with no 

bleating around the bush! 
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Participants noted the severe inflammation 

described by the contributor; however, in the 

section assessed in conference, participants 

felt the inflammation was rather mild and 

predominantly lymphohistiocytic, leading to 

some minor tinkering with the morphologic 

diagnosis. 
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CASE II:  

 

Signalment:  

5-year-old female breed unspecified 

goat (Capra aegagrus hircus). 

 

History:  

Livestock farm with ecological and extensive 

goat production. After the introduction of  
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Figure 2-1. Mammary gland, goat. The mam-
mary gland is firm with an abnormal turbid 
milky discharge admixed with fibrinous ma-
terial.  (Photo courtesy of: Department of An-
imal Pathology, Universidad de Zaragoza, 
Spain. http://patologiaanimal.unizar.es/) 

 

new animals, blindness, polyarthritis, and 

chronic mastitis only affecting postpartum 

and lactating goats were observed. The pro-

cess reached up to 20% mortality. 

 

Gross Pathology:  

Lesions were consistent with mastitis, char-

acterized by a firm consistency of the mam-

mary gland parenchyma and abnormal turbid 

milky discharge admixed with fibrinous ma-

terial. Joints showed fibrino-purulent content 

in the joint space and significant thickening 

of the joint capsule, compatible with chronic 

polyarthritis. Unilateral keratitis with mild 

corneal opacity and bilateral blepharocon-

junctivitis were also observed. 

 

Laboratory Results: 

Hematology and biochemical analysis re-

vealed marked leukocytosis, neutrophilia, 

hyperglobulinemia, and increased gamma-

glutamyl transferase (GGT) and aspartate 

aminotransferase (AST). Mycoplasma aga-

lactiae was identified in mammary gland and 

synovial fluid swabs by Real Time Polymer-

ase Chain Reaction (RT-PCR). 

 

 

Microscopic Description: 

Mammary gland: A severe, chronic active, 

multifocal inflammatory process comprising 

70% of section appears to infiltrate and efface 

mammary gland lobules and acini. At higher 

magnification, inflammation is composed of 

abundant lymphocytes, macrophages, and 

plasma cells, admixed with fewer neutrophils 

and scattered eosinophils. Occasionally asso-

ciated with mammary ducts and acini, lym-

phocytes and macrophages form round ag-

gregates (tertiary lymphoid follicles). Epithe-

lial ductal cells show one or more of the fol-

lowing changes: intracytoplasmic vacuoles 

and attenuation (degeneration), shrunken and 

hypereosinophilic cytoplasm with pyknotic 

to no nuclei (necrosis) or appear sloughing 

towards the ductal lumen. Ductal lumens are 

distended and partially or totally occluded by 

an abundant amorphous eosinophilic material 

(proteinaceous secretion), admixed with via-

ble and degenerate neutrophils, macro-

phages, lymphocytes, and karyorrhectic and 

cellular debris. Within this secretion, there 

are occasionally amorphous basophilic gran-

ules (mineralization). Diffusely expanding 

the interlobular interstitium and mammary 

lobules, there is an increased number of ma-

ture collagen fibers (fibrosis). 

 

 
Figure 2-2. Mammary gland, goat. A section 
of mammary gland is submitted. Lactiferous 
ducts are markedly ectatic and filled with ne-
crotic debris. (HE, 5X) 
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Contributor’s Morphologic Diagnosis: 

Mammary gland: Severe, chronic, multifocal 

to coalescing, lymphoplasmacytic and histio-

cytic mastitis with fibrosis and necrosis. 

 

Contributor’s Comment:  

Contagious agalactia (CA) is a notifiable dis-

ease distributed worldwide that affects goats 

and sheep.8 The etiological agent in sheep is 

Mycoplasma agalactiae (Ma), whereas in 

goats M. mycoides subsp. capri (Mmc), M. 

capricolum subsp. capricolum (Mcc), and M. 

putrefaciens (Mp) are also involved.12 Oral, 

respiratory and mammary (milking parlor) 

are the main routes of transmission within the 

herd.1,7,15 Clinical signs and lesions are 

highly variable and affect mainly postpartum 

and lactating adult females.14 CA syndrome 

is characterized by mastitis, polyarthritis, 

keratoconjunctivitis, pneumonia, and septi-

cemia,6 all of which were observed in our 

case, with the exception of pneumonia.  

 

Depending on the infection route, the primary 

site of colonization is the respiratory tract, 

small intestine, and/or alveoli of mammary  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

glands.1,7,15 Subsequently, Ma is dissemi-

nated through the circulation to different or-

gans.13 Microscopically, acute lesions are 

characterized by a neutrophilic infiltrate with 

foci of necrosis. Chronic stages develop into 

an inflammatory infiltrate composed mainly 

of macrophages, lymphocytes, and plasma 

cells, together with extensive fibrosis.4 

 

In this case, chronic mastitis, polyarthritis, 

and keratoconjunctivitis, all characterized by 

a lymphoplasmacytic and histiocytic infil-

trate and severe fibrosis, were observed. 

Other necropsied goats from the same farm 

showed acute lesions composed of a severe 

neutrophilic infiltrate and foci of necrosis in 

previously mentioned organs. This difference 

in lesion chronicity among different goats 

suggests that Ma was chronically present in 

the herd; however, the outbreak continued ac-

tively producing severe and acute cases. 

 

In the typical acute forms, clinical signs and 

gross and microscopic lesions can facilitate 

the diagnosis of mycoplasmosis.12 However, 

to confirm the etiological agent and  

Figure 2-3. Mammary gland, goat. Macrophages and fewer lymphocytes and plasma cells accumu-
late beneath the segmentally ulcerated epithelium lining ectatic lactiferous ducts.   
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differentiate among Mycoplasma spp., it is 

necessary to perform molecular techniques 

such as PCR.2,5,9,11 Relevant samples are joint 

fluid, eye swabs, or other affected organs 

seen at necropsy.10 Bulk tank milk samples 

can increase the detection sensitivity on a 

farm.12 Once the outbreak was detected, se-

rology by indirect ELISA and PCRs of My-

coplasma agalactiae of all goats were per-

formed and the positive ones were sacrificed. 

 

Contributing Institution:  

Department of Animal Pathology  

Universidad de Zaragoza, Spain  

http://patologiaanimal.unizar.es/  

 

JPC Diagnosis: 

Mammary gland: Mastitis, necrotizing and 

lymphohistiocytic, chronic, diffuse, marked, 

with acinar atrophy. 

 

JPC Comment:  

Contagious agalactia (CA) is among the most 

important diseases of small ruminants and is 

characterized primarily by mammary, joint,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and ocular signs, with a drop in milk produc-

tion followed by increased general morbidity 

and mortality.3,8 The disease was first re-

ported in Italy in 1816, where it was named 

“mal di sito,” or “disease of the place,” due to 

its ability to contaminate and persist in envi-

ronments and then infect newly-introduced 

animals.8 

 

Grossly, CA mammary disease may be uni-

lateral or bilateral and is heralded by hot, 

swollen, and painful mammary glands and 

enlarged mammary lymph nodes. Infection 

spreads to the joints, with arthritis character-

ized by the accumulation of synovial fluid in 

the carpal or tarsal joints, frequently with 

concurrent keratoconjunctivitis.3 Other clini-

cal manifestations of CA exist, most notably 

pneumonia and occasionally abortion, and 

clinical syndromes may appear in isolation or 

in various combinations, making it difficult 

to differentiate CA from other infectious 

scourges of sheep and goats. 

 

 

Figure 2-4. Mammary gland, goat. Lactiferous ducts contain a mix of viable and necrotic neutrophils, 
coagulated secretory product, basophilic homogenous aggregates of nuclear debris, and eosino-
philic cell debris. (HE, 363X) 
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Figure 2-5. Mammary gland, goat. The debris 
within lactiferous ducts occasionally contains 
crystalline mineral. (HE, 363X) 

 

The differential list for CA signs in sheep and 

goats is long. For mastitis, Staphylococcus, 

Streptococcus, and Mannheimia spp. should 

be ruled out, while caprine arthritis encepha-

litis virus is a prime differential for caprine 

arthritis.3,8 The Pasteurellacae, along with 

visna-maedi and peste de petits ruminants vi-

ruses, as well as other Mycoplasma spp. such 

as M. capricolum subsp. capripneumoniae 

and M. ovipneumoniae should be excluded as 

causes for respiratory diseases.8 Differentiat-

ing among these agents often requires exten-

sive testing, and, as the contributor notes, 

milk, joint fluid, and eye swabs from several 

different animals in an infected herd are the 

recommended diagnostic samples.8  

 

Histologically, CA mastitis is initially char-

acterized by a mononuclear interstitial infil-

trate composed primarily of macrophages, 

though with time, the prominent inflamma-

tory cell becomes CD8+ T lymphocytes.3 

Lymphoid follicles are often present just be-

neath the epithelium, as nicely illustrated in 

this case.  

 

All participants agreed that this mammary 

gland, even from subgross, looks “baaad”. 

Participants appreciated the remarkable duc-

tal ectasia that is a notable histologic feature 

of this slide. Participants also questioned that 

nature of the deep purple material present 

within the ducts, leading to a tangential but 

informative discussion of oat cells. Oat cells 

have a similar histologic appearance to the 

streaming purple material evident in section; 

however, oat cells are associated with agents 

that produce a leukotoxin that debilitates the 

affected cells. These cells remain intact, but 

their nuclear and cytoplasmic material stream 

out, particularly when sectioned, producing 

the characteristic histiologic oat cell appear-

ance. The intraductal material observed here 

occurs with massive cell death and the result-

ant commingling of nuclear and cytoplasmic 

material that adheres together in the necrotic 

milieu.  

 

Back on task, participants noted the lymphoid 

nodes which originally made them consider a 

viral etiology such as arthritis encephalitis vi-

rus as a possible cause. While these lymphoid 

nodules are a reported histologic feature of 

AC, the moderator noted that mixed mam-

mary gland infections aren’t particularly un-

common, and the presence of one agent 

doesn’t necessarily preclude the presence of 

another. Dr. Bender concluded discussion of 

this case with a review of the various histo-

logic changes associated with mammary de-

velopment and lactation, noting that evaluat-

ing reproductive tissue is inherently challeng-

ing as the tissues dynamically respond to the 

ebb and flow of hormonal tides.  

 

Conference participants felt that necrosis was 

a significant histologic feature of the exam-

ined slide and wanted to include it in the mor-

phologic diagnosis. There was a brief discus-

sion about including fibrosis, however most 

participants felt that chronicity implies fibro-

sis and it was omitted in the interest of brev-

ity. 
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CASE III:  

 

Signalment:       

9-year-old female breed unspecified rabbit 

(Oryctolagus cuniculus). 

 

History:  

The owner noted bloody urine for a few 

weeks and hemorrhagic urine was found on 

urinalysis. The clinician suspected uterine 

adenocarcinoma based on clinical findings, 

so the patient was spayed. 

 

Gross Pathology:  

The uterus contained an 8cm mass. 
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Figure 3-1. Uterus, rabbit. Multiple sections 
of uterus are submitted for examination. (HE, 
4X)   

 

Laboratory Results: 

Hematuria, otherwise no significant findings. 

 

Microscopic Description:  

Uterus: Multifocally and transmurally infil-

trating and effacing the uterine wall is an un-

encapsulated, densely cellular, poorly demar-

cated neoplasm composed of epithelial cells 

arranged in tubules, acini, and solidly cellular 

areas on a variably dense collagenous to 

myxomatous stroma. Neoplastic cells have 

indistinct cell borders, a small amount of eo-

sinophilic cytoplasm, and a round to oval nu-

cleus with finely stippled chromatin and in-

distinct nucleoli. Anisocytosis and anisokar-

yosis are mild, and there are less than 1 mi-

totic figures per 2.37mm.2 Neoplastic tubules 

are ectatic with fronds of neoplastic epithelial 

cells bulging into the lumina, and lumina are 

often filled with eosinophilic proteinaceous 

and/or mucinous exudate admixed with vari-

able amounts of necrotic cellular debris. 

There is abundant predominantly coagulative 

necrosis at the center of the neoplastic mass 

characterized by loss of differential staining 

with retention of architecture. The non-neo-

plastic uterine mucosal epithelium is multifo-

cally hyperplastic, and uterine glands are 

multifocally dilated, forming ectatic cysts up 

to 2 mm in diameter lined by attenuated epi-

thelium (cystic endometrial hyperplasia). 

Arising from the endometrium and projecting 

into the uterine lumen, there are several cross 

sections of markedly dilated, endothelial-

lined veins (endometrial venous aneurysm) 

measuring up to 5 mm in diameter. These 

veins are subtotally occluded by large fibrin 

thrombi that often contain well-defined lines 

of Zahn, low numbers of enmeshed erythro-

cytes and leukocytes, and a rare dusting of 

mineral in areas of coagulative necrosis. 

 

Contributor’s Morphologic Diagnosis:  

1. Uterus: Uterine adenocarcinoma with 

vascular invasion. 

2. Uterus: Endometrial venous aneurysm 

with thrombosis and rare mixed bacteria. 

3. Uterus: Cystic endometrial hyperplasia, 

multifocal, moderate. 

 

Contributor’s Comment:  

Uterine adenocarcinoma is often considered 

the most common spontaneous neoplasm of 

domestic rabbits, although a recent large-

scale study found that trichoblastomas and 

mammary tumors may surpass uterine aden-

carcinomas in frequency of diagnosis.1-3,6 

The incidence of uterine adenocarcinoma in-

creases with age, affecting approximately 

80% of 5-6 year old does; most animals in re-

search facilities and commercial rabbitries 

are relatively young, which explains why this 

tumor is infrequently seen in this in these fa-

cilities.1,3 Uterine adenocarcinomas may be 

multicentric within the uterus, and may in 

 

 
Figure 3-2. Uterus, rabbit. A polypoid neo-
plasm composed of glands on an edematous 
fibrous stroma arises from the endometrium 
and fills the uterine lumen. (HE, 4X)   
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volve both uterine horns.1,3 Metastasis to the 

lung is most common; metastasis to the liver 

and intra-abdominal carcinomatosis are also 

commonly reported.1,3 Intratumoral necrosis 

is common.1,3 Uterine adenocarcinomas are 

often concurrently diagnosed with endome-

trial hyperplasia.2,3,6,10 Additionally, one 

study found that, of 84 uterine adenocarcino-

mas, 10 had concurrent uterine leiomyoma or 

leiomyosarcoma.2 

 

Endometrial hyperplasia follows second to 

uterine adenocarcinoma in frequency of diag-

nosis in rabbit uteri and is the most com-

monly diagnosed non-neoplastic uterine le-

sion in rabbits.1,3,6 The incidence increases 

with age, although it has been reported in rab-

bits less than 1 year of age.3,6,10 It is often 

cystic and is often diffuse.2,3 Endometrial hy-

perplasia is controversially considered to be 

a pre-neoplastic lesion by some, and is con-

sidered hormonally induced.1,2,3 

 

Endometrial venous aneurysms were first re-

ported in 1992 in rabbits and have yet to be 

reported in any species other than  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

lagomorphs.4 They have been reported in 

New Zealand White rabbits,4 unspecified 

breeds of pet rabbits,3,5 and a Holland lop rab-

bit.7 They consist of venous varices that pro-

ject from the endometrium into the uterine lu-

men. They have been reported in nongravid, 

multiparous does, but no predisposing factors 

have been identified.1,3 They may cause uter-

ine distension with subsequent abdominal en-

largement.1,4,7 The venous aneurysms may 

rupture, resulting in periodic bleeding into 

the uterine lumen (hemometra) with subse-

quent urogenital bleeding/hematuria, and 

clotted blood is often noted within the uterine 

lumen at necropsy.1,2,4,7 In a recent large-

scale study of genital tract pathology in fe-

male pet rabbits, Bertram and colleagues 

identified endometrial venous aneurysms in 

1.6% (n=14) of all post-mortem examina-

tions of entire female rabbits and in 3.3% 

(n=5) of all uterine biopsy samples, with a 

median age of 32 months.3 In post-mortem 

examinations in this study, the endometrial 

venous aneurysms were considered inci-

dental in 4 of the 14 rabbits with this diagno-

sis.3 In another large-scale study of uterine  

Figure 3-3. Uterus, rabbit. The neoplasm is composed of tortuous glands on an edematous stroma. 
(HE, 161X)  
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Figure 3-4. Uterus, rabbit. Multiple cross sec-
tions of a large thin-walled vein within the 
endometrium (endometrial venous aneu-
rysm) protrude into the uterine lumen. (HE, 
26X) 

 

lesions in 1,928 rabbits, endometrial venous 

aneurysms were reported in 8 rabbits, none of 

which had clinical signs.9 Ovariohysterec-

tomy is considered curative and is recom-

mended due to the risk of hemorrhage.5,7 

 

All three of these uterine lesions (uterine ad-

enocarcinoma, cystic endometrial hyper-

plasia, and endometrial venous aneurysm) 

can result in hematuria; all three of these le-

sions are present in this case, and hematuria 

was clinically noted and confirmed via uri-

nalysis in this case.1 Hematuria and/or se-

rosanguinous vaginal discharge are clinical 

signs that should raise suspicion of uterine 

disease.6 Other potential causes of hematuria 

in rabbits include uterine polyps, cystitis, uri-

nary bladder polyps or tumors, pyelonephri-

tis, and renal infarction.1 Of note, differen-

tials for hematuria in rabbits include pig-

mented urine due to crystals, porphyrin, or 

bilirubin; a urinalysis is required to differen-

tiate between these causes.1 

 

Contributing Institution:  

Tri-Service Research Laboratory 

https://www.afrl.af.mil/ 

 

 

 

 

 

JPC Diagnosis: 

1. Uterus: Uterine adenocarcinoma. 

2. Uterus: Endometrial venous aneurysm. 

3. Uterus: Cystic endometrial hyperplasia, 

diffuse, severe. 

 

JPC Comment:   

This dazzling slide, a lagomorph uterine le-

sion party pack, delights from subgross and 

closer inspection in equal measure, and the 

contributor provides excellent summaries of 

the component lesions. The endometrial ve-

nous aneurysms are particularly striking and, 

of the trio of uterine conditions vying for at-

tention, the most uncommon. 

 

Aneurysms occur when the quality or quan-

tity of the connective tissue within the vascu-

lar wall is compromised.7 In humans, aneu-

rysm formation has been associated with con-

ditions such as defective synthesis of elastin 

or collagens I and III, vitamin C deficiency, 

atherosclerosis, systemic hypertension, preg-

nancy, or trauma.7 In the few reported cases 

of endometrial venous aneurysm in rabbits, 

no predisposing factors have been identified, 

leading to the classification of this condition 

in rabbits, for now, as congenital.7 

 

The primary clinical signs associated with 

endometrial venous aneurysms are a palpably 

enlarged uterus and, as the contributor notes, 

hematuria. These symptoms are not specific 

and further diagnostics are typically required. 

In reported cases, hematologic parameters 

have shown little diagnostic value, though the 

degree of anemia may provide clues to chro-

nicity and the amount of blood loss suffered 

in cases of severe aneurysm rupture.7 Plasma 

chemistry changes may include hyperglyce-

mia and high creatine kinase, likely due to 

handling stress rather than any derangement 

caused by the endometrial aneurysm.7 

 

Histologically, the weakened vessel wall can 

lead to massive dilation of the vein which, as  
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Figure 3-5. Uterus, rabbit. Another cross sec-
tion of the uterine body demonstrates 
marked cystic endometrial hyperplasia of the 
endometrium, with glands occasionally deep 
in the smooth muscle wall (adenomyosis).  
(HE, 14X) 

 

in this case, can be rather obtrusive and, if 

we’re being honest, a little gaudy. The focally 

dilated vein maintains a complete endothelial 

lining of attenuated cells that expands the sur-

rounding endometrial tissue. The attenuated 

wall may exhibit loss of smooth muscle cells 

and replacement with fibrous connective tis-

sue components such as collagen or fibro-

blasts.7 Within the vein, blood and thrombi 

are usually present, with thrombi character-

ized by varying amounts of organization, in-

flammatory cells, and hemosiderin resulting 

from erythrocyte degradation.7 

 

Due to the risk of sudden, severe hemorrhage, 

venous aneurysms carry a poor to grave prog-

nosis unless ovariohysterectomy is per-

formed.7 Additional sequelae include throm-

boembolism and recurrent bouts of excessive 

bleeding. Prognosis is good with ovario-

hysterectomy; however, it is still unknown 

whether this condition is truly congenital and, 

if so, whether endometrial venous aneurysm 

indicates a greater risk of aneurysm in other 

anatomic locations.7 While there is currently 

no evidence of an association with a gener-

ally heightened risk of aneurysm, more re-

search is needed to determine the prevalence 

and underlying pathogenesis of this uncom-

mon, striking condition. 

 

Discussion of this case focused generally 

around the difficult in distinguishing endo-

metrial hyperplasia from neoplasm, and the 

general consensus was that these two entities 

likely exist on a neoplasm, though evidence 

is currently lacking. The moderator discussed 

a long list of causes for hematuria in rabbits 

before dropping the inconvenient fact that 

rabbit urine can normally be red under certain 

conditions, so be careful about hopping to 

conclusions. Physiologically normal, red 

urine should be relatively clear, while true he-

maturia will have the characteristic opacity of 

blood. 

 

Discussion of the morphologic diagnosis was 

similarly straightforward; however, confer-

ence participants were unable to identify the 

vascular invasion or the bacteria noted by the 

contributor on the section examined at con-

ference and these features were consequently 

omitted from the diagnoses.  
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CASE IV:  

 

Signalment:  

Age and breed unspecified ram (Ovis aries). 

 

History: 

During mating, the animal would start shak-

ing and mating could not continue. Since this 

happened several times, the animal was eu-

thanized and submitted for necropsy. 

 

Gross Pathology:  

The subcutaneous tissue of the ventral part of 

the abdomen, preputium, and penis was af-

fected by severe suppurative inflammation in 

the form of large encapsulated abscess. 

 

 

 

 
Figure 4-1. Penis, sheep. One section of penis 
is submitted for examination. The mucosa is 
ulcerated and the lamina propria is markedly 
expanded. (HE, 5X).   

 

Laboratory Results: 

Bacteriological culture examination showed 

an increase in the mixed bacterial flora in 

which Corynebacterium spp. predominated. 

Species identification was done by the 

MALDI-TOF method which confirmed that 

the species belonged to Corynebacterium xe-

rosis. 

 

Microscopic Description:  

Penis (glans): The most outer layer (penile 

mucosa) is replaced with amorphous eosino-

philic material admixed with cellular debris 

mainly composed of degenerate neutrophils 

(necrosuppurative inflammation). There are 

multifocal colonies of coccobacillary bacte-

ria on the surface. The lamina propria is dif-

fusely infiltrated with larger numbers of lym-

phocytes, plasma cells, macrophages, and 

low numbers of neutrophils. The amount of 

inflammatory infiltrate decreases toward the 

internal parts of the penis (corpora cavernosa, 

corpus spongiosum, and urethra), which do 

not show pathological changes. 
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Figure 4-2. Penis, sheep. The submucosa and 
tunica dartos are effaced by densely cellular 
granulation tissue; the overlying mucosa is 
ulcerated. (HE, 30X) 

 

Contributor’s Morphologic Diagnosis:  

Penis (glans): Balanitis, necrosuppurative, 

subacute to chronic, focally extensive, severe 

with intralesional coccobacillary bacteria. 

 

Contributor’s Comment:  

Rams can develop a range of lesions of the 

penis and prepuce and inflammation is com-

mon pathology. Inflammation of the penis is 

phallitis, that of the head (glans) of the penis 

is balanitis, and inflammation of the prepuce 

is posthitis. It can be of viral and bacterial eti-

ology, but foreign materials can also cause 

inflammation.3 Although in our case the bac-

teriological examination showed an increase 

in mixed bacterial flora with a predominance 

of Corynebacterium spp., we believe that the 

isolated Corynebacterium xerosis (C. xero-

sis) played a role in the pathogenesis of this 

condition. 

 

The genus Corynebacterium, which currently 

has more than 110 validated species, is highly 

diversified. It includes species that are of 

medical, veterinary, or biotechnological rele-

vance.1,7,9 The most common cause of cuta-

neous abscesses and caseous lymphadenitis 

(CLA) in sheep is Corynebacterium pseudo-

tuberculosis. Caseous lymphadenitis in sheep 

almost always follows a wound infection, 

usually a shearing wound.10 The sequence of 

events in progressive CLA is infection of a 

superficial wound, spread of infection to the 

local lymph nodes, which suppurate, and then 

lymphogenous and hematogenous extension 

to produce abscesses in internal organs. The 

progression is slow and may reach the blood-

stream only in older animals, whereas in 

young animals the disease tends to be con-

fined to the superficial lymph nodes, most 

commonly the precapsular and precrural.10 

 

Corynebacterium xerosis is a commensal or-

ganism normally present in the skin and mu-

cous membranes of humans.2 It is considered 

an unusual pathogen, but it is able to cause 

endocarditis, skin infections, and other ill-

nesess like maternal ventriculoperitoneal 

shunt infection, pneumonia, ear and brain ab-

scess, and vertebral osteomyelitis.1,2,5,12 

Corynebacterium xerosis grows in colonies 

of 0.2–1.0 mm in diameter that are brown-

yellowish in colour, slightly dry in appear-

ance, and non-haemolytic when cultured in 

blood agar. Microscopically, C. xerosis ap-

pears as irregularly stained, pleomorphic 

gram-positive rods presenting club-like 

ends.4 

 

Infections with Corynebacterium xerosis in 

animals are rarely described. It has been iso-

lated in pure culture from normally sterile or-

gans of animal clinical specimens. C. xerosis 

was isolated from the joint of a pig suffering 

from a subcutaneous abscess and from a goat 

liver suspected to have paratuberculosis.11,12 

The case for C. xerosis producing a clinical 

cutaneous abscess in sheep was reported in 

Mexico in 2016 and C. xerosis strain GS1 

was isolated from a liver lesion with caseous 

nodules from a yak.4,12 

 

Unlike C. pseudotuberculosis infection, the 

virulence factor that could contribute to the 

development of abscesses as a pathogenic 

toxin has not been reported in C. xerosis. The 

main factor of virulence and pathogenicity in 

C. pseudotuberculosis is the exotoxin phos-

pholipase D, which is a permeability factor  
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that promotes hydrolysis of the ester bonds in 

sphingomyelin in mammalian cell mem-

branes, possibly contributing to the spread of 

bacteria from the initial site of infection to 

secondary sites through the lymphatic system 

to regional ganglia.6 This highlights the im-

portance of carrying out further research re-

garding the mechanisms of infection present 

in this Corynebacterium species.4  

 

In the presented case, the source of the infec-

tion remains unknown. Hernandez-Leon et 

al. discussed the possible epidemiology of C. 

xerosis in a sheep herd and hypothesized that 

a possible source of this bacterium could be 

pigs.4 The ovine production system where the 

sample was obtained was previously used for 

swine, a species where C. xerosis has been 

reported as a common pathogen. Addition-

ally, sharp objects were widespread all over 

the facilities, which increased the chance of 

injury to the animals, opening a portal for mi-

croorganisms including C. xerosis.4,8,11 All 

these data indicate that C. xerosis has a cer-

tain clinical significance in veterinary medi-

cine and that this bacterium should be  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

considered as a possible cause of subcutane-

ous abscesses but also suppurative inflamma-

tion in other organs. 

 

Contributing Institution: 

Department of Veterinary Pathology  

Faculty of Veterinary Medicine  

University of Zagreb, Croatia  

http://www.vef.unizg.hr/  

 

JPC Diagnosis: 

Penis: Balanitis, ulcerative, chronic, circum-

ferential, severe, with granulation tissue and 

mixed colonies of bacteria. 

 

JPC Comment:   

As the contributor notes, Cornynebacterium 

xerosis is uncommonly isolated from veteri-

nary patients and much of what is understood 

about this pathogen is extrapolated from hu-

man infections. Despite the novelty of the 

pathogen, however, this case presents a fairly 

straight-forward case of balanitis, which is 

typically accompanied by an inflammatory 

infiltrate composed of lymphocytes, plasma 

cells, and macrophages.3 Lymphocytes and  

Figure 4-3. Penis, sheep. Higher magnification of the submucosal granulation tissue and ulcerated 
debris-laden surface.  (HE, 38X) 
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plasma cells, and occasionally lymphoid fol-

licles, are present within the normal preputial 

mucosa, and immunoglobulins derived from 

these plasma cells are present in preputial 

washes.3  

 

In most cases of balanitis or balanoposthitis, 

ascribing pathogenicity to organisms isolated 

from a penile lesion is fraught with difficulty, 

as normal preputial bacterial flora may in-

clude a variety of nonpathogenic and poten-

tially pathogenic bacteria such as Corynebac-

terium renale, fungi, mycoplasmas, ureaplas-

mas, chlamydial species, and a variety of pro-

tozoa.3 Attempting to determine which, if 

any, of these resident organisms is responsi-

ble for particular lesions has lead to conflict-

ing research and a morass of speculation in 

most cases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dorper sheep and Leicester rams have a dis-

tinct, severe form of ulcerative balanitis 

which can also cause vulvovaginitis in ewes 

with whom they are mated.3 In the male, the 

condition is characterized by large, deep ul-

cers that occur on the ventral surface of the 

penis and typically progress to excessive 

granulation tissue and hemorrhage.3 Chroni-

cally, adhesions form between the penis and 

the prepuce as a result of necrotic and puru-

lent material covering the head of the penis. 

Mated ewes develop shallow ulcers on the la-

bia and posterior vagina. The etiologic agent 

responsible for this condition remains un-

known.3 

 

Rams and wethers may also develop “ulcera-

tive posthitis of wethers,” commonly known 

as pizzle rot. The condition, which is unfor-

tunately common, develops in the presence of 

Figure 4-4. Penis, sheep. The necrotic coagulum contains mixed bacterial colonies. (Brown and 

Hopps, 400X).   
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urea-hydrolyzing bacteria, such as Coryne-

bacterium renale, in animals that excrete 

urea-rich urine.3 Lesions progress from small 

areas of epithelial necrosis around the prepu-

tial orifice to more extensive geographic ul-

ceration and granulation tissue that results in 

occlusion of the preputial orifice. The occlu-

sion leads to the accumulation of urine and 

pus and, ultimately, to extensive internal ul-

ceration of the prepuce, the urethral process, 

and the head of the penis.3 

 

Balanitis occurs in all domestic species and is 

caused by a variety of familiar infectious 

agents, including bovine herpesvirus I in 

bulls;  canid herpesvirus 1 and leishmaniasis 

in dogs; and Equid herpesvirus 1,  Trypano-

soma equiperdum (the causative agent of 

dourine), cutaneous habronemiasis, pythio-

sis, and cutaneous halicephalobiasis in 

horses.3 

 

Conference participants began discussion of 

this case by noting the large colonies of bac-

teria, noting that these large colonies are a 

possible way to begin narrowing down the 

list of possible etiologic agents to one of the 

YAACSS agents (Yersinia, Actinomyces, Ac-

tinobacillus, Corynebacterium, Streptococ-

cus, and Staphylococcus). The moderator 

cautioned participants not to read too much 

into the large colonies, as virtually any agent 

can form large colonies given enough time. 

 

The agent isolated in this case is, of course, a 

member of YAACSS, albeit a somewhat en-

igmatic one, and discussion of this case 

largely centered on whether C. xerosis was 

the actual cause of the histologic lesions or 

just an opportunist. The question is largely 

rhetorical, and Dr. Bender used the discus-

sion as a pivot to other Corynebacterium spp. 

of veterinary importance, including Coryne-

bacterium renale and Corynebacterium 

pseudotuberculosis.  

 

Discussion of the morphologic diagnosis cen-

tered largely on how to capture the unique ap-

pearance of this lesion and how to describe 

the bacteria. Participants felt the primary le-

sion was ulceration and that the granulation 

tissue was abundant enough to merit specific 

mention. Participants also felt that the bacte-

rial population consisted of both cocci and 

bacilli and preferred to describe the bacterial 

population as mixed. 
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 WSC 2023-2024 

Conference 25 Self-Assessment 

1. Which of the following is spelled correctly? 

a. Coxiella burnetti 

b. Coviella burnetii 

 

2. Which of the following is considered the reservoir host for the agent in the previous 

question? 

a. Ruminants 

b. Equids  

c. Poultry  

d. Rodents  

 

3. Which of the following cause contagious agalactiae in sheep?  

a. M. mycoides subsp. capri 

b. M. capricolum subsp. capricolum  

c. M. putrefaciens  

d. Mycoplasma agalactiae  

 

4. Which of the following is the most common site of metastasis of uterine adenocarci-

noma in rabbits? 

a. Lung  

b. Lymph node  

c. Urinary bladder  

d. Kidney  

 

5. Corynebacterium xerosis has completely been reported as a pathogen in which of the 

following? 

a. Cattle  

b. Chicken  

c. Swine  

d. Fish 


